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Introduction 


Analog Devices designs, manufactures 
and sells worldwide so- 
phisticated electronic components and subsystems for use in 
real-world signal processing. More than six hundred 
standard 
products are produced in manufacturing 
facilities located 
throughout 
the world. These facilities encompass all relevant 
technologies, including several embodiments 
of CMOS, BiMOS, 
bipolar and hybrid integrated circuits, each optimized for spe- 
cific attributes-and 
assembled products in the form of potted 
modules, printed-circuit 
boards and instrument 
packages. 


State-of-the-art 
technologies (including surface rnicromachining) 


have been utilized (and in many cases invented) to provide 
timely, reliable, easy-to-use advanced designs at realistic prices. 
Our popular IC products are available in both conventional and 
surface-mount 
packages (SOIC, LCC, PLCC), and many of our 
assembled products employ surface-mount 
technology to reduce 
manufacturing 
costs and overall size. A quarter-century 
of suc- 
cessful applications experience and continuing vertical integra- 
tion insure that these products are oriented to user needs. The 
ongoing application of today's state-of-the-art 
and the invention 
of tomorrow's 
state-of-the-art 
processes strengthen 
the leader- 
ship position of Analog Devices in standard data-acquisition 
and 
signal-processing products and make us a strong contender in 
high performance mixed-signal ASICs. 


MAJOR PROGRESS 
Since publication of the selection guides in the 1990 Databook 
Series, more than 120 significant new products have been intro- 
duced by Analog Devices; they run the gamut from brand new 
product categories and technologies to new standard products 
(with improvements 
in price, performance or design) to aug- 
mented second-source products. In addition, the Analog Devices 
line of IC products now includes the products of Precision 
Monolithics, Inc., which was acquired by Analog Devices in 
1990. The new products are all classified and summarized in 
these volumes, along with existing products that are desirable 
for use in new designs. 


Examples of the variery and innovation content of outstanding 
new ICs to be found in these two volumes include: 


• the ADV7141146/48 
Edsun CEGIDAC'· 
family of monolithic 
RAM-DACs, 
designed to eliminate "jaggies" and improve 
color resolution in VGA displays (Vol. I) 


• the AD28msp02 
16-bit codec, a complete analog front end for 
high-performance 
voiceband DSP applications (Vol. I) 


• the DAC-88oo and -8840 TrimDACs" 
, which eliminate pots 
and permit automatic trimming of offsets and gains in elec- 
tronic circuits and systems (Vol. I) 
• the AD7710/11/12 
family of 21-bit sigma-delta aid converters 
with complete on-chip signal conditioning (Vol. II) 
• the AD9100 wideband low-distortion monolithic track-hold 
amplifier with 13 ns acquisition time to 0.1% (Vol. II) 


• the ADI674 
12-bit sampling aid converter, a "faster, better, 
cheaper" upgrade for AD574/6741774 
aid converter sockets 


(Vol. II) 


• the AD9020/9060 
10-bit TTLlECL 
flash aid converters with 
sampling rates to 75 MSPS (Vol. II) 
• the AD671 12-bit, 500 ns aid converter (Vol. II). 


Many more could have been added to this list. 


2-VOLUME 
DATA CONVERTER 
REFERENCE 
MANUAL 
This two-volume set provides comprehensive 
technical data on 
Analog Devices data-conversion 
products, 
which are involved in 
spanning the interface between analog and digital worlds. It is a 
companion to the Linear Products Databook, 
which provides sim- 
ilar data for analog-to-analog products. 
Both volumes 
contain: 


• comprehensive data sheets and package information on a total 
of more than 350 significant product families 
• orientation material and selection guides for finding products 
rapidly 
• a representative 
list of available Analog Devices technical pub- 
lications on real-world analog and digital signal processing 
• our Worldwide Sales Directory 
• the complete Product Index to all data-conversion 
and DSP 
products listed in these two volumes and all products listed in 
the Linear Products Databook. 


Division of Product 
Groups between the Two Books 
Volume I contains information on 
Digital-to-analog converters 
Synchro/resolver-to-digital 
converters 
Communications 
products 
Digital panel meters 
Digital signal processing products 
Bus interface and serial I/O products 
Application specific ICs 
Power supplies. 


Volume II contains information on: 


Analog-to-digital converters 
Voltage-to-frequency 
and frequency-to-voltage 
converters 
Sample/track-hold 
amplifiers 
Switches and multiplexers 
Voltage references 
Data acquisition subsystems 
Analog I/O ports 
Application-specific 
ICs 
Power supplies. 


The product data in this book are intended primarily for the 
majority of users who are concerned with new designs. For this 
reason, existing and available products that offer little if any 
unique advantage over newer products in future designs are 
listed in the Index, and data sheets may be available separately- 
but they are not published in this book. 


• 


TECHNICAL 
SUPPORT 
Our extensive technical literature discusses the technology and 
applications of products for real-world signal processing. Besides 
tutorial material and comprehensive data sheets, including a 
large number in our Databooks, we offer Application Notes, 
Application Guides, Technical Handbooks (at reasonable prices), 
and several free serial publications; 
for example, Analog 
Productlog provides brief information on new products being 
introduced, 
and Analog Dialogue, our technical magazine, pro- 
vides in-depth discussions of new developments in analog and 
digital circuit technology as applied to data acquisition, 
signal 
processing, control, and test. DSPateh" 
is a quarterly newslet- 
ter that brings its readers up-to-date applications information on 


our DSP products and the general field of digital signal process- 
ing. We maintain a mailing list of engineers, scientists, and 
technicians with a serious interest in our products. 
In addition 
to Databook catalogs-and 
general short-form selection 
guides-we 
also publish several short-form catalogs on specific 
product families. You will fmd typical publications described on 
pages 12-8 to 12-11 at the back of the book. 


SALES AND SERVICE 
Backing up our design and manufacturing 
capabilities and our 
extensive array of publications, 
is a network of distributors, 
plus 
sales offices and representatives 
throughout 
the United States 
and most of the world, staffed by experienced sales and applica- 
tions engineers. Our Worldwide Sales Directory, as of the publi- 
cation date, appears on pages 12-12 and 12-13 at the back of 
the book. 


RELIABILITY 
The manufacture 
of reliable products is a key objective at 
Analog Devices. The primary focus is the companywide Quality 
Improvement 
Process (QIP). In addition, we maintain facilities 
that have been qualified under such standards as MIL-M-38510 
(Class B and Class S) for ICs in the U.S. and MIL-STD-1772 
for hybrids. Many of our product -both 
proprietary 
and 
second-source-have 
qualified for JAN part numbers; 
others are 
in the process. A larger number of products-including 
many of 
the newer ones just starting the JAN qualification process-are 
specifically characterized on Standard Military Drawings 
(SMDs). Most of our ICs are available in versions that comply 
with MIL-STD-883C 
Class B, and many also comply with Class 
S. We publish a Military 
Products 
Databook 
for designers who 
specify ICs and hybrids for military contracts. The 1990 issue 
consists of two volumes with data on 343 product families; the 
120 entries in the second of those volumes describe qualified 
products manufactured 
by our PMI Division. A newsletter, An- 
alog Briefings~, provides current information about the status of 
reliability at AD!. 


Our PLUS program makes available standard devices (commer- 
cial and industrial grades, plastic or ceramic packaging) for any 
user with demanding application environments, 
at a small pre- 
mium. Subjected to stringent screening, similar to MIL-STD- 
883 test methods, these devices are suffIXed "/+" and are 
available from stock. 


PRODUCTS 
NOT FOUND 
IN THE SELECTION 
GUIDES 
For maximum usefulness to designers of new equipment, 
we 
have limited the contents of selection guides to standard prod- 
ucts most likely to be used for the design of new circuits and 
systems. If the model number of a product you are interested in 
is not in the Index, turn to page 12-4 at the back of this volume 
where you will find a list of older products for which data sheets 
are available upon request. On page 12-5 you will fmd a guide 
to substitutions 
(where possible) for products no longer 
available. 


ICs embodying combinations of functions that you need but 
cannot fmd among our standard offerings may be available to 
meet your specific requirements 
as custom designs. Consult the 
section in this book on Application Specific ICs-and/or 
get in 
touch with Analog Devices. 


PRICES 
Accurate, up-to-date prices are an important 
consideration in 
making a choice among the many available product families. 
Since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices and 
distributors 
. 
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AD570/571 
- 8- and 10-Bit Analog-to-Digital Converters 
2-25 


AD572 - 12-Bit Successive Approximation 
Integrated Circuit AID Converter 
2-31 


AD573 - 10-Bit AID Converter 
2-33 


AD574A - Complete 12-Bit AID Converter 
2-41 


AD575 - Complete IO-Bit AID Converter with Serial Output 
2-53 


AD578/579 
- Very Fast Complete 10- or 12-Bit AID Converters 
2--{)1 


AD670 - Low Cost Signal Conditioning 8-Bit ADC 
2--{)9 


AD671 - Monolithic 
12-Bit 2 MHz AID Converter 
2-81 


AD673 - 8-Bit AID Converter 
2-97 


AD674A - Complete 12-Bit AID Converter 
2-105 


AD674Bn74B 
- Complete 12-Bit AID Converter 
2-109 


AD675 - 16-Bit 100 kSPS Sampling ADC 
2-121 


AD676 - 16-Bit 100 kSPS Sampling ADC 
2-123 


AD678 -12-Bit 200 kSPS Complete Sampling ADC 
2-137 


AD679 - 14-Bit 128 kSPS Complete Sampling ADC 
........•.•.......•..•....•................... 
2-149 


AD770 - 200 MSPS Wideband 8-Bit AID Converter 
2-161 


AD773 - 10-Bit 18 MSPS Monolithic AID Converter 
2-173 


AD776 - 16-Bit 100 kSPS Oversampling ADC 
2-189 


AD779 - 14-Bit 128 kSPS Complete Sampling ADC 
2-191 


AD1l70 - High Resolution Programmable 
Integrating 
AID Converter 
2-203 


AD1376/1377 
- Complete High Speed 16-Bit AID Converters 
2-215 


AD1378 - Complete Wide Temperature 
16-Bit AID Converter 
2-223 


AD1380 - Low Cost 16-Bit Sampling ADC 
2-231 


AD1382 - 16-Bit 500 kHz Sampling ADC 
2-239 


AD1385 - 16-Bit 500 kHz Wide Temperature 
Range Sampling ADC 
2-255 


ADI671 - Complete 12-Bit 1.25 MSPS Monolithic AID Converter 
2-259 


ADI674 - 12-Bit 100 kSPS AID Converter 
2-269 


ADI876 - 16-Bit 100 kSPS Sampling ADC 
2-283 


ADI878 - High Performance Stereo 16-Bit Oversampled ADC 
2-295 


ADI879 - High Performance Stereo 18-Bit Oversampled ADC 
2-297 


AD7572 -LC2MOS 
Complete High Speed 12-Bit ADC 
2-299 


AD7572A - LC2MOS Complete High Speed 12-Bit ADC 
2-303 


AD7574 - CMOS ILP-Compatible 8-Bit ADC 
2-315 


AD7575 - LC2MOS 5 fLS8-Bit ADC with TrackIHold 
2-323 


AD7578 - CMOS 12-Bit Successive Approximation 
ADC 
....••.................................... 
2-335 


AD757917580 
- LC2MOS 
10-Bit Sampling AID Converters 
2-347 


AD7581 - CMOS fLP-Compatible 8-Bit 8-Channel DAS 
2-363 


AD7582 - CMOS 12-Bit Successive Approximation 
ADC 
2-371 


AD7586 - LC2MOS 
12-Bit 1 fLSADC ...............•...........•...........••.............. 
2-383 


AD7672 - LC2MOS High Speed 12-Bit ADC 
2-391 


• 


AD7701 - LC2MOS 
16-Bit ND Converter 
2-403 


AD7703 - LC2MOS 20-Bit ND Converter 
2-419 


AD7710 - LC2MOS Signal Conditioning ADC 
2-435 


AD7711 - LC2MOS Signal Conditioning ADC with RTD Excitation Currents 
2-457 


AD7712 - LC2MOS Signal Conditioning ADC 
2-479 


AD7713 - LC2MOS Loop-Powered 
Signal Conditioning ADC 
2-501 


AD7776/7777/7778 - LC2MOS High Speed 1-,4- & 8-Channell0-Bit 
ADCs 
2-509 


AD7820 - LC2MOS High Speed fLP-Compatible 8-Bit ADC with TrackIHold 
Function 
2-511 


AD7821 - LC2MOS High Speed fLP-Compatible 8-Bit ADC with TrackIHold 
Function 
2-521 


AD7824/7828 - LC2MOS High Speed 4- & 8-Channel 8-Bit ADCs 
2-533 


AD7870/7875/7876 - LC2MOS Complete 12-Bit 100 kHz Sampling ADCs 
2-545 


AD7871/7872 - LC2MOS Complete 14-Bit Sampling ADCs 
2-563 


AD7874 - LC2MOS 4-Channel 12-Bit Simultaneous Sampling Data Acquisition System 
2-579 


AD7878 - LC2MOS Complete 12-Bit 100 kHz Sampling ADC with DSP Interface 
2-595 


AD7880 - LC2MOS Single +5 V Supply, Low Power, 12-Bit Sampling ADC 
2-611 


AD7884/7885 - LC2MOS 
16-Bit, High Speed Sampling ADCs 
2-625 


AD7886 - LC2MOS 
12-Bit 750 kHz Sampling ADC 
2-637 


AD7890 - LC2MOS 8-Channel 12-Bit Serial Data Acquisition System 
2-653 


AD7891 - LC2MOS 8-Channel 12-Bit Parallel Data Acquisition System 
2-659 


AD7892 - LC2MOS Single Supply 12-Bit 5.5 fLSADC 
2-663 


AD7893 - LC2MOS 12-Bit Serial 5.5 fLSADC in 8-Pin Package 
2-669 


AD9000 - High Speed 6-Bit ND Converter 
2-673 


AD9002 - High Speed 8-Bit Monolithic ND Converter 
2-681 


AD9003 - 12-Bit 1 MHz ND Converter 
2-689 


AD9005A - 12-Bit 10 MSPS ND Converter 
2-697 


AD9006/9016 - High Speed 6-Bit ND 
Converters 
2-705 


AD9012 - High Speed 8-Bit TTL ND Converter 
2-721 


AD9014 - 14-Bit 10 MSPS ND Converter 
2-729 


AD9020 - 1O-Bit60 MSPS ND Converter 
2-741 


AD9028/9038 - High Speed 8-Bit ND 
Converters 
2-753 


AD9032/9034 - 12-Bit 25/20 MSPS ND 
Converters 
2-765 


AD9040 - 10-Bit 40 MSPS ND Converter 
2-769 


AD9048 - Monolithic 8-Bit Video ND Converter 
2-773 


AD9058 - Dual 8-Bit 50 MSPS ND Converter 
................................•................ 
2-781 


AD9060 - 10-Bit 75 MSPS ND Converter 
2-789 


AD ADC71/72 - Complete High Resolution 16-Bit ND 
Converters 
2-801 


AD ADC80 - 12-Bit Successive Approximation 
Integrated Circuit ND Converter 
2-803 


AD ADC84/85/AD5240 
- Fast Complete 12-Bit ND 
Converters 
2-809 


ADC-170 - Complete Serial-Out 5.6 fLS12-Bit ND Converter 
2-817 


ADC-91O - fLP-Compatible 10-Bit High Speed ND Converter 
2-819 


ADC-912A - CMOS fLP-Compatible 12-Bit ND Converter 
2-831 


ADCl140 - Low Cost 16-Bit Analog-to-Digital Converter 
2-843 
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fS ~ 1 MSPS 
tCONV ~ 11ls 
100 kSPS ~ fS < 1 MSPS 
11ls < tCONV ~ 10 Ils 
(see page 2-4) 


10 kSPS ~ fs < 100 kSPS 
10 Ils < tCONV ~ 100 Ils 
(see page 2-5) 


AD9040 (40 MSPS) 
AD773 (18 MSPS) 


AD9032 (25 MSPS) 
AD9034 (20 MSPS) 
AD9005A (10 MSPS) 
AD1671 (1.25 MSPS) 
AD9003 (1 MSPS) 


AD9006 (Flash/470 MSPS) 
AD9016 (Flash/470 MSPS) 


AD9028 (Flash/300 MSPS) 
AD9038 (Flash/300 MSPS) 
AD770 (Flash/200 MSPS) 
AD9002 (Flash/125 MSPS) 
AD9012 (Flash/75 MSPS) 
AD9058 (DuaUFlash/50 
MSPS) 
AD9048 (Flash/35 MSPS) 


fS < 10 kSPS 
tCONV > 100 Ils 


(see page 2-6) 


AD9060 (Flash/75 
MSPS) 
AD9020 (Flash/60 
MSPS) 


AD671-500 
(500 ns) 
AD671-750 
(750 ns) 
AD7586 (1 /-ls) 


I 


~ Selection Tree 
h 
~ AID Converters 
a 
':> 
Cj 
~8 
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r- 
§ 
~ 
:l) 
n1 
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100 kSPS ~ fS < 1 MSPS 1 
1 J..ls < tCONV ~ 10 J..ls 


AD7820 (500 kSPS) 
AD7569 (I/O Portl400 kSPS) 
AD7669 (I/O Portl400 kSPS) 
AD7769 (2 Ch I/O Portl400 kSPS) 
AD7824 (4 Ch/400 kSPS) 
AD7828 (8 Ch/400 kSPS) 
AD7575 (190 kSPS) 


AD7776 (450 kSPS) 
AD7777 (4 Ch/450 kSPS) 
AD7778 (8 Ch/450 kSPS) 


AD7886 (750 kSPS) 
AD678 (200 kSPS) 
AD1341 (8-16 Ch/FIFO/150 
kSPS) 
AD7892 (SS/140 kSPS) 
AD7893 (SS/8-Pin/140 
kSPS) 
AD1332 (FIFO/125 kSPS) 
AD7870 (100 kSPS) 
AD7875 (100 kSPS) 
AD7876 (100 kSPS) 
AD7878 (FIFO/I00 kSPS) 
AD1674 (100 kSPS) 
AD7890 (SS/8 Ch/l00 kSPS) 
AD7891 (SS/8 Ch/l00 kSPS) 


SS - Single Supply 
1 - Primary 
selection 
of U 
ADCs is by output 
data rate in kSPS 
*~~ ADCs generally 
do not require 
a TlH 


AD679 (128 kSPS) 
AD779 (128 kSPS) 


AD1382 (500 kSPS) 
AD1385 (500 kSPS) 
AD7884 (200 kSPS) 
AD7885 (100 kSPS) 
AD1876 (100 kSPS) 
AD675 (100 kSPS) 
AD676 (100 kSPS) 


ADC-908 (6 ~s) 
AD670 (10 ~s) 
AD7576 (10 ~s) 


AD579 (1.8 ~s) 
ADC-910 
(6 ~s) 


AD578 (3 ~s) 
AD7572A 
(3 ~s) 
AD7672 (3 ~s) 
ADC-170 
(5.6 ~s) 
AD774B (8 ~s) 
ADC-912A 
(10 ~s) 


AD776 (~M50 kHz 
3dB BW/I00 kSPS) 
AD1377 (10 ~s) 


10 kSPS ~ fS < 100 kSPSl 
10 ~s < tCONV ~ 100 ~s 


AD7579 (SS/50 kSPS) 
AD7580 (SS/50 kSPS) 
AD/PM-7574 
(15 Ils) 
AD570 (25 Ils) 
AD673 (30 Ils) 


AD7868 (IIO Portl83 kSPS) 
AD1334 (4 ChJFIFO/67 
kSPS) 
AD7874 (4 ChJ29 kSPS) 
AD571 (25 Ils) 
AD573 (30 Ils) 
AD575 (Seria1l30 Ils) 


AD7869 (IIO Portl83 kSPS) 
AD7871 (83 kSPS) 
AD7872 (Seria1l83 kSPS) 
AD674B (15 Ils) 
AD574A (35 Ils) 
AD7578 (100 Ils) 
AD7582 (4 ChJI00 Ils) 


AD1376 (17Ils) 
AD1378 (17Ils) 
AD1878 (Dual 1:M24 kHz 3dB BW/50 kSPS) 


SS - Single 
Supply 
1 - Primary 
selection 
of 1:~ ADCs is by output 
data rate in kSPS 
*1:~ ADCs generally 
do not require 
a T/H 
I 
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fS < 10 kSPSl 
tCONV 
> 100 Jls 


AD28mspOl 
(Lt1 I/O Port/3.4 kHz 3dB BW/8 kSPS) 
AD28msp02 
(Lt1 I/O Port/4 kHz 3dB BW/8 kSPS) 
AD7701 (LNIO Hz 3dB BW/4 kSPS) 


AD7703 (LNIO Hz 3dB BW/4 kSPS) 
AD79024 (Quad LN300 Hz BW/l.14 kSPS) 


AD7710 (LNThermocouple 
Input/262 
Hz 3dB BW/l kSPS) 
AD7711 (LNRTD 
Input/262 
Hz 3dB BW/l kSPS) 
AD7712 (LN262 Hz 3dB BW/l kSPS) 
AD7713 (LNLow Power/52.4 
Hz 3dB BW/1 kSPS) 


1 - Primary 
selection 
of Lt1 ADCs is by output 
data rate in kSPS 
*Lt1 ADCs generally 
do not require 
a T/H 
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Sampling Converters 
Through- 
SHA 
put Rate 
BW 
Reference 
Res 
kSPS 
kHz 
Volt 
Bus Interface 
Package 
Temp 
Model 
Bits 
max 
typl 
IntlExr 
Bits' 
Options' 
RangeS 
Page 
Comments 


AD7821 
8 
1000 
100 
~5 V, Ext 
8,,.,P 
2,3,4,5,6 
I,M 
C II 2-521 
CMOS, Bipolar or Unipolar Operation 
AD7820 
8 
500 
14 
0-5 V, Ext 
8, f.Lp 
2,3,4, 
5,6 
I,M 
C II 2-511 
CMOS, 8-Bit Sampling ADC 


AD7569 
8 
400 
200 
Int 
8,,.,P 
2,3,4,5,6 
C,I,M 
C II 8-7 
CMOS, Complete 110 Port with DAC, ADC, 
SHA, Amps and Reference 
AD7669 
8 
400 
200 
Int 
8, ,.,P 
2,5,6 
C,I,M 
C II 8-7 
CMOS, Complete 110 Port with 2 DACs, 
ADC, SHA, Amps and Reference 
AD7769 
8 
400 
200 
Ext 
8, ,.,P 
2,5 
C 
C II 8-27 
CMOS, Complete 2-Channel 110 Port with 
InputJOutput Signal Conditioning 
AD7824 
8 
400 
10 
~5 V, Ext 
8, ,.,P 
2,3,6 
C,I,M 
C II 2-533 
CMOS, 4-Channel, 8-Bit Sampling ADC 
AD7828 
8 
400 
10 
~5 V, Ext 
8, ,.,P 
2,3,4,5 
C,I,M 
C II 2-533 
CMOS, 8-Channel, 8-Bit Sampling ADC 
AD7S7S 
8 
190 
SO 
1.23 V, Ext 
8, f.Lp 
2,3,4,5 
C,I,M 
C II 2-323 
CMOS, Low Cost 
*AD7776 
10 
500 
50 
2.0 V, IntlExt 
10, ,.,P 
2,6 
C, I 
C II 2-509 
CMOS, Single Channel Complete Sampling ADC, 
Single Supply, Twos Complement 
Output Code 


*AD7777 
10 
500 
50 
2.0 V, IntlExt 
10, ,.,P 
2,6 
C, I 
C II 2-509 
CMOS, 4-Channel Complete ADC for Single or 
SinlUltaneous Dual Channel Sampling, Single Supply 
*AD7778 
10 
500 
50 
2.0 V, IntlExt 
10, ,.,P 
10 
C, I 
C II 2-509 
CMOS, 8-Channel Complete ADC for Single or 
Sinlultaneous Dual Channel Sampling, Single Supply 
AD7579 
10 
50 
25 
2.5 V, Ext 
8, ,.,P 
2,3,4,5 
C,I,M 
C II 2-347 
CMOS, Low Cost 10-Bit Sampling ADC 
AD7580 
10 
50 
25 
2.5 V, Ext 
10, ,.,P 
2,3,4,5 
C,I,M 
C II 2-347 
CMOS, Low Cost 10-Bit Sampling ADC 
AD9003 
12 
1000 
1ססoo 
Int 
12 
8 
C 
C II 2-089 
12-Bit, 1 MSPS ADC, Single 4Q-Pin DIP 
*ADI671 
12 
1250 
2000 
2.5 V, Int 
12 
1,2,4,5 
C,I,M 
C II 2-259 
Complete, Monolithic 
12-Bit, 1.25 MSPS ADC 
*AD7886 
12 
750 
1000 
5 V, Ext 
12, ,.,P 
2,3,5 
C, I 
C II 2--{j37 CMOS, 12-Bit 750 kSPS Sampling ADC 
AD678 
12 
200 
1000 
5 V, Int 
8112, ,.,P 
1,2,14 
C,I,M 
C II 2-137 
BiMOS, High Impedance 
High Bandwidth 
Sampling Input, 10 V Range, ACJDC Tested 
*ADl341 
12 
150 
150 
10 V, Int 
16, ,.,P 
12 
C,M 
C II 7-25 
High Speed 8/16 Channel DAS 
*AD7893 
12 
140 
70 
2.5 V, Ext 
Serial 
2,3,6 
I,M 
C II 2--{i69 CMOS, Single Supply Sampling ADC in 8-Pin Package 
*AD7892 
12 
140 
70 
2.5 V, Ext 
8Il21Serial, ,.,P 
2,3,6 
I,M 
C II 2--{i63 ±10 V Input, Single Supply Sampling ADC 
AD1332 
12 
125 
125 
-5 V, Int 
12, ,.,P 
1 
I,M 
C II 7-17 
Complete 12-Bit 125 kHz Sampling ADC for 
Digital Signal Processing, 
On-Chip FIFO 


IX indicates that the internal SHA bandwidth is not specified in kHz. 
2Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. lot indicates reference is internal. A voltage value is given if the 
reference is pinned out. 
3This column lists the data format for the bus with uJ.LP" indicating microprocessor capability-i.e., 
for a 13-bir converter 8/12, ,....p indicates that the dara can be formatted for an 8-bit bus or can be in parallel 


(12 bies) and is microprocessor compatible. 
'Package Opoons: I = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 = Hermetic Metal Can; g = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramid 
Glass DIP; 14 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = TO-9t 
'Temperature Ranges: C = Commercial, 0 to +70'C; I = Industrial, -40'C 
to +8S'C (Some older products -2S'C 
to +8S'C); M = Military, -SS'C to +12S'C. 
Boldface Type: Product recommended for new design. 
"New product since the publication of the most recent Databooks. 
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CO) 
Model 
Bits 
max 
typl 
IntlExf 
Bits' 
Options· 
Range' 
Page 
Comments 
0<: 
*AD7874 
12 
29 
SIlO 
Int (+3 V), Ext 
12, J.LP 
2,3,4,6 
C, I, M 
C n 2-579 
CMOS, Simultaneous 
Sampling 4-Channel ADC 
;;;j 
for ± 10 V Input Signals 
~ 
AD7870 
12 
100 
500 
3 V, Int 
&'121Serial, J.LP 2, 3, 4, 5 
C, I, M 
C n 2-545 
CMOS, 100 kHz Throughput, 
±3 V Input 
iil 
~ 
*AD7875 
12 
100 
SIlO 
3 V, Int 
&'121Serial,J.LP 2, 3, 5 
C, I, M 
C n 2-545 
CMOS 100 kHz Throughput, 
~5 V Input 
*AD7876 
12 
100 
500 
3 V, Int 
&'121Serial,J.LP 2, 3, 6 
I,M 
C n 2-545 
CMOS, 100 kHz Throughput, 
±10 V Input 
AD7878 
12 
100 
SIlO 
3 V, Int 
12, J.LP 
2,3,4,5 
C, I, M 
C n 2-595 
CMOS, 100 kHz Throughput, 
±3 V Input, On·Chip FIFO 
*AD1674 
12 
100 
SIlO 
10 V, Int 
&'12, J.LP 
1,2,6 
C, I, M 
C n 2-269 
Complete AD574A Pinout Compatible, 
Sampling Input, 
AC'DC Tested 
*AD7890 
12 
100 
50 
2.5 V, Ext 
Serial 
2,3,6 
I,M 
Cn2~53 
±10 V Input 8-ehannel 
Single Supply Sampling ADC 
*AD7891 
12 
100 
50 
2.5 V, Ext 
12, J.LP 
10 
I,M 
Cn2~59 
±10 V Input 8-ebannel 
Single Supply Sampling ADC 
*AD7868 
12 
83 
SIlO 
3 V, Int 
Serial, J.LP 
2,3,6 
I,M 
CnS-79 
CMOS, Complete 110 Port with 12·Bit ADC and 
12·BitDAC 
AD1334 
12 
67 
235 
-5 V, Int 
12, J.LP 
1 
I,M 
cn 
7-21 
Four- Channel 67 kHz 12·Bit Sampling ADC, On-Chip FIFO 
*AD7880 
12 
66 
33 
5 V, Ext 
12, J.LP 
2,3,6 
I 
Cn2~11 
Single +5 V Supply, Low Power Shutdown 
AD368 
12 
50 
~1000 
6.3 V, 1m 
12 
I 
I,M 
C II 12-4 
Complete 12·Bit ADC, PGA with Gains of I, 8, 64, 512 
AD369 
12 
50 
~1000 
6.3 V, 1m 
12 
1 
I,M 
C II 12-4 
Complete 12-Bit ADC, PGA with Gains of I, 10, 100, 500 
AD363R 
12 
25 
10 V, 1m 
12, I1P 
1 
C,M 
C II 7-5 
l6-ehannel, 
12-Bit DAS 
AD364R 
12 
20 
10 V, Int 
12, I1P 
1 
C,M 
C II 7-5 
High Speed, 16-Channel, 12-Bit DAS with 
Three-State Buffered Output 
AD679 
14 
128 
1000 
5 V, Int 
8, J.LP 
1,2,14 
C, I, M 
C n 2-149 
BiMOS, High Impedance, 
High Bandwidth 
Sampling Input, 10 V Input Range, ACIDC Tested 
AD779 
14 
128 
1000 
5 V, Int 
14, J.LP 
1,2,14 
C, I, M 
C n 2-191 
BiMOS, High Impedance, 
High Bandwidth 
Sampling Input, 10 V Input Range, ACIDC Tested 
*AD7869 
14 
83 
SIlO 
3 V, Int 
Serial 
2,3,6 
C, I 
Cns-95 
CMOS, Complete 110 Port with 14-Bit DAC and 
14-Bit ADC 
AD7871 
14 
83 
SIlO 
3 V, Int 
&'141Serial, J.LP 2, 3, 5 
C, I, M 
C n 2-563 
CMOS, Complete Sampling ADC, ±3 V Input 
AD7872 
14 
83 
SIlO 
3 V, Int 
Serial, J.LP 
2,3,6 
C, I, M 
C n 2-563 
CMOS, Complete, Serial Interface, 
16-Pin DIP/SOIC 
DAS1152 
14 
25 
X 
10 V, 1m 
14 
Module 
I 
C II 7~5 
I4-Bit High Accuracy Sampling ADC 
DAS1157 
14 
18 
X 
10 V, Int 
14 
Module 
I 
C II 7~9 
Low Power Sampling ADC 
DAS1153 
15 
20 
X 
10 V, Int 
15 
Module 
I 
C II 7-65 
15·Bit High Accuracy Sampling ADC 
DAS1158 
15 
18 
X 
10 V, 1m 
15 
Module 
I 
C II 7-69 
Low Power, IS-Bit Sampling ADC 
*AD1382 
16 
SIlO 
2200 
10 V, Int 
8, J.LP 
1 
C 
C n 2-239 
High Speed, Guaranteed 
Dynamic Performance 
*AD1385 
16 
SIlO 
2200 
10 V, Int 
8, J.LP 
1 
C,M 
C II 2-255 
Similar to AD 1382 with Autocalibration 
Ability, 


( 


Guaranteed 
Dynamic Performance 
*AD7884 
16 
166 
83 
3 V, Ext 
16, J.LP 
2,3,5 
I,M 
Cn2~25 
CMOS, Low Power (250 mW), 5.3 J.LSConversion 
*AD7885 
16 
166 
83 
3 V, Ext 
8, J.LP 
2,3,5 
I,M 
Cn2~25 
Similar to AD7884, 28-Pin Package, Byte Output 
*AD1876 
16 
100 
1000 
~7V, 
Ext 
Serial 
2 
C 
C n 2-283 
Autocalibrating, 
16-Pin DIP ADC, AC Tested 


Through- 
SUA 
put Rate 
BW 
Reference 
Res 
kSPS 
kHz 
Volt 
Bus Interface 
Package 
Temp 
Model 
Bits 
max 
typl 
IntlExf 
Bits3 
Options· 
Range' 
Page 
Comments 


*AD675 
16 
100 
1000 
3-10 V, Ext 
8ISerial, IlP 
1,2 
C,I,M 
Cll2-121 
Autocalibrating, 
24-Pin DIP ADC, ACIDC Tested 
*AD676 
16 
100 
1000 
3-10 V, Ext 
16,IlP 
1,2 
C,I,M 
Cll2-123 
Similar to AD675 but in 28-Pin DIP, Parallel Output 
ADI380 
16 
SO 
900 
Int 
161Serial 
1 
C 
Cll2-231 
Low Cost, 16-Bit Sampling ADC 
DAS1l59 
16 
18 
X 
10 V, Int 
16 
Module 
I 
C II 7-{'9 
Low Power, 16-Bit Sampling ADC 


Nonsampling Converters 


Conv 
Rate 
Reference 
Bus 
Res 
IlS 
Voltage 
Interface 
Package 
Temp 
Model 
Bits 
max 
IntJExt' 
Bits3 
Options· 
Range' 
Page 
Comments 


AOC-908 
8 
6.0 
-IOV,Ext 
8, J.LP 
2,3,4,6 
C,I,M 
C II 12-4 
CMOS, +5 V Operation, 
Fast 
AD670 
8 
10 
Int 
8, J.LP 
1,2,4,5 
C,I,M 
C II 2-{'9 
Single +5 V Supply, Including In-Amp aod 
Reference 
AD7576 
8 
10 
1.23 V, Ext 
8, J.LP 
2,3,4,5 
C,I,M 
C II 12-4 
CMOS, Low Cost, Single Supply 
PM-7574 
8 
15.0 
-10 V, Ext 
8, J.LP 
2,3,4,6 
C,I,M 
C II 12-4 
CMOS, +5 V Operation 
AD7574 
8 
15 
-10 V, Ext 
8,IlP 
2,3,4 
C,I,M 
C II 2-315. 
CMOS, +5 V Operation 
ADS70 
8 
25 
Int 
8 
1 
C,M 
C II 2-25 
AD673 
8 
30 
Int 
8, J.LP 
1,2,5 
C,M 
C II 2-97 
AD7581 
8 
66.7 
-5 V to (-15 
V), Ext 
8, J.LP 
2,3,5 
C,I 
C II 2-363 
CMOS 8-Bit AOC 
AD579 
10 
1.8 
10 V, lot 
10/Serial 
1 
C,M 
C II 2-{'1 
High Speed with Low Power 
ADC·910 
10 
6.0 
2.5 V, Int 
8, 10, fl.P 
3 
C,I,M 
C II 2-819 
Bipolar, Fast with Byte Output 
ADS7I 
10 
25 
Int 
10 
1 
C,M 
C II 2-25 
Complete 10-Bit AOC 
AD573 
10 
30 
Int 
8II0,IlP 
1,2,5 
C,M 
C II 2-33 
Complete 
IO-Bit ADC, Byte or Parallel Interface 
ADS75 
10 
30 
Int 
Serial 
1,2 
C,M 
C II 2-53 
Complete 10-Bit ADC with Serial Interface 
AD671·500 
12 
0.5 
5 V, Ext 
12 
1,2 
C,M 
C II 2-81 
12-Bit 500 ns Monolithic 
ADC 
AD671-750 
12 
0.75 
5 V, Ext 
12 
1,2 
C,M 
C II 2-81 
12-Bit 750 ns Monolithic 
ADC 
*AD7586 
12 
1 
-4 V, Ext 
12,IlP 
1,2,5 
C,I 
C II 2-383 
CMOS 12-Bit, 1 MHz ADC 
AD578 
12 
3 
10 V, Int 
12 
1 
C,M 
C II 2-{'1 
Complete, 3 J.Ls,12-Bit AOC 
*AD7572A 
12 
3 
Int 
8I12,IlP 
2,3,4,6 
C,I,M 
C II 2-303 
Improved Version of Industry 
Staodard 
AD7672 
12 
3 
-5 V, Ext 
12, J.LP 
2,3,4,5 
C,I,M 
C II 2-391 
CMOS, Unipolar or Bipolar, -12 V, +5 V 
Supply 
AD5240 
12 
5 
6.3 V, lot 
12 
1 
C,M 
C II 2-809 
Industry Staodard 
AD7572 
12 
5 
-5.25 
V, lot 
8/12, J.LP 
2,3,4,5 
C,I,M 
C II 2-299 
CMOS 12-Bit AOC 
*ADC·170 
12 
5.6 
-5.25 
V, Ext 
Serial 
2,3,6 
I,M 
C II 2-817 
Complete, 
3 IlS, 12·Bit ADC in 8-Pin Mini-DIP 
*AD774B 
12 
8 
10 V, Int 
8I12,IlP 
1,2,6 
C,I,M 
C II 2-109 
Faster Version of AD674B with 8 fl.S Conversion 


IX indicates that the internal SHA bandwidth is not specified in kfu. 
'Ext indicates external reference with the range of voluges listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voluge value is given if the 
reference is pinned out. 
'This column lists the dau format for the bus with "".P" indicating microprocessor capability-i.e., 
for a 13-bit converter 8/12, ".P indicates that the dau can be formatted for an g-bit bus or can be in parallel 


(12 bits) and is microprocessor compatible. 
'Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; S = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramid 
Glass DIP; 14 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = To-92. 
'Temperature Ranges: C = Commercial, 0 to +7O"C; I = Industrial, -40'C 
to +8S'C (Some older products -2S'C 
to +8S'C); M = Miliury, 
-SS·C to + 12S'C. 
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Conv 
G) 
Rate 
Reference 
Bus 
~ 
Res 
JLS 
Voltage 
Interface 
Package 
Temp 
r- 
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Int/Ext' 
Bits' 
Options' 
Range' 
Page 
Comments 
C')a 
AD ADC84/85 
12 
10 
6.3 V, 1m 
12 
1 
C,I,M 
C II 2-809 
Industry Standard 
~ 


M'i 
*ADC-912A 
12 
10 
-5 V, Ext 
12, jLP 
2,3,6 
I,M 
C II 2-831 
CMOS, Improved Version of ADC-912 


:lJ 
ADC-912 
12 
12.5 
-5 V, Ext 
12, floP 
2,3,6 
C 
C II 12-4 
CMOS, Low Transition Noise 
i;:j 
AD5210 
12 
13 
-10 V, Int/Ext 
12 
1 
I,M 
C II 12-4 
Industry Standard (AD5211/12/14/15) 
:lJ 
AD674A 
12 
15 
10 V, 1m 
8/12, floP 
1 
C,M 
C II 2-105 
Complete 12-Bit ADC, Industry Standard 
Ul 
Pinout 
*AD674B 
12 
15 
10 V, Int 
8/12, jLP 
1,2,6 
C,I,M 
C II 2-109 
Improved Monolithic 
Version of AD674A 
and AD574A 
AD572 
12 
25 
10 V, 1m 
12 
1 
I,M 
C II 2-31 
12-Bit Successive ApproxinIation ADC 
ADADC80 
12 
30 
6.3 V, 1m 
12 
1 
I 
C II 2-803 
Industry Standard 
AD574A 
12 
35 
10 V, Int 
8/12, jLP 
1,2,4,5 
C,M 
C II 2-41 
Complete ADC with Reference 
and Clock 
AD5200 
12 
50 
-10 V, Int/Ext 
12 
1 
I,M 
C II 12-4 
Industry Standard (AD520l/02/04/05) 
AD7578 
12 
100 
5 V, Ext 
8, jLP 
1,2 
C,I,M 
C II 2-335 
CMOS, 1 LSB Total Unadjusted 
Error 
AD7582 
12 
100 
5 V, Ext 
8, jLP 
1,2,5 
C,I,M 
C II 2-371 
CMOS, 4 Channel, 
1 LSB Total 
Unadjusted 
Error 
ADl377 
16 
10 
1m 
16, Serial 
1 
C 
C II 2-215 
Complete, High Speed 16-Bit ADC 
Operation over - 25°C to + 85°C 
AD1376 
16 
17 
1m 
16, Serial 
1 
C 
C II 2-215 
Complete 16-Bit Converter; Industry 
Standard Pinout 
*AD1378 
16 
17 
Int 
16, Serial 
1 
M 
C II 2-223 
Complete 
16-Bit Converter; 
MIL Temp 
Range; Industry 
Standard 
Pinout 


ADCll40 
16 
35 
10 V, 1m 
16 
Module 
C 
C II 2-843 
16-Bit ADC, Operates over -25°C 
to +85°C Temperature 
Range 
AD ADCn 
16 
50 
6.3 V, 1m 
16 
I 
C 
C II 2-801 
Industry Standard 
AD ADC72 
16 
50 
6.3 V, 1m 
16 
1 
C, I 
C II 2-801 
Industry Standard 
AD1170 
18 
1000 
5 V, Int 
8 
2 
C 
C II 2-203 
7 to 22-Bit Programmable 
Integrating 
ADC 


High Speed ADCs 


Through- 
Full Power 
Reference 
Bus 
Res 
put Rate 
BW 
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Interface 
Package 
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IntlExt' 
Bits2 
Options' 
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Page 
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AD9006 
6 
470 
550 
±1 V, Ext 
6, ",P 
4,12 
C,M 
C II 2-705 
470 MSPS, 6-Bit ADC; 8.0 pF Input Capacitance 
AD9016 
6 
550 
±1 V, Ext 
Dual 6, ",P 
4,12 
C,M 
C II 2-705 
AD9006 with 1:2 Demultiplexed 
Data Output 
Demultiplexing 
Circuitry 
AD9000 
6 
50 
20 
0.S-2 V, Ext 
6 
1,3 
C,M 
C II 2-{j73 
MIL-STD-883, 
Rev. C, Devices Available; 
Low Error Rate 
AD9028 
8 
300 
250 
-2 V, Ext 
8 
4 
C,M 
C II 2-753 
300 MSPS, 8-Bit ADC, Guaranteed 
Dynamic 
Performance 
AD9038 
8 
300 
250 
-2 V, Ext 
Dual 8 
4 
C,M 
C II 2-753 
AD9028 with On-Board 
1:2 Demultiplexed 
Data Outputs 


AD770 
8 
200 
250 
±2 V, Ext 
8 
1 
C,M 
C II 2-161 
High Bandwidth, 
Error Correction 
AD9002 
8 
125 
160 
0.1-{-2.1) 
Ext 
8 
1,4 
I,M 
C II 2-{j81 
Single Supply, Low Power, Low Input 
Capacitance, 
MIL-STD-883, 
Rev. C 
Device Available 
AD9012 
8 
75 
160 
-2 V, Ext 
8 
3,4 
I,M 
C II 2-721 
TTL 
Outputs, 
Low Power, Low Input Cap 
*AD9058 
8 
50 
175 
+2 V, Int 
8 
1,5,14 
C,M 
C II 2-781 
Dual 8-Bit, TTL 
Output 
AD9048 
8 
35 
15 
-2 V, Ext 
8, ",P 
2,3,5,12 
C,M 
C II 2-773 
35 MSPS, 8-Bit Video ADC, 16 pF Input 
Capacitance 
*AD9020 
10 
60 
175 
±1.75 V, Ext 
10 
4,12 
C,M 
C II 2-741 
Fastest 
10-Bit TTL 
Monolithic 
ADC 
*AD9060 
10 
75 
175 
±1.75 V, Ext 
10 
4,12 
C,M 
C II 2-789 
Fastest 
10-Bit ECL Monolithic 
ADC 
*AD904O 
10 
40 
50 
+1.2 V 
10 
3,4,5 
C,M 
C II 2-769 
Low Cost, High Performance 
IO-Bit TTL 
Monolithic 
*AD773 
10 
18 
75 
+2.5, Ext 
10 
1,2 
C,M 
C II 2-173 
Low Power, IO-Bit 18 MSPS with On-Chip TIH 
*AD9032 
12 
25 
150 
Int 
12 
8 
C,M 
C II 2-765 
World's Fastest 
Complete 
12-Bit ADC 
*AD9034 
12 
20 
150 
Int 
12 
8 
C,M 
C II 2-765 
20 Ms 
*AD9005A 
12 
10 
38 
Int 
12 
8 
C,M 
C II 2-{j97 
Complete 
12-Bit ADC with TIH, Reference 


):. 
and Timing Circuitry 


~ 
*ADI671 
12 
1.25 
2 
2.5 V, Int 
12 
1,2,4,5 
C,I,M 
C II 2-259 
Complete, 
Monolithic 
12-Bit, 1.25 MSPS ADC 


r- 
AD9003 
12 
1 
10 
Int 
12 
8 
C 
C II 2-{j89 
12-Bit, 1 MSPS ADC, Single 40-Pin DIP 
a 
*AD7886 
12 
.75 
1 
+5 V, Ext 
12, ",P 
1,2,5 
C,I,M 
C II 2-{j37 
CMOS, 12-Bit 750 kSPS Sampling ADC 
G) 
*AD9014 
14 
10 
60 
Int 
14 
Board 
C 
C II 2-729 
Wide Spurious Free Dynamic Range 
~ 
IEXl indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. lot indicates reference is internal. A voltage value is given if the 
~ 
reference is pinned out. 
8 
2This column lists the data format for the bus with "JJ..P"indicating microprocessor capability-i.e., 
for a 12-bit converter 8/12, ~p indicates that the data can be fonnatted for an 8-bit bus or can be in parallel 
);! 
(12 bits) and is microprocessor compatible. 
r- 
3Package Oprions: 1 = Hermetic DIP) Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 


C') 
7 = Hermelic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 
10 = Plastic Quad Flatpack; 
11 = Single-In-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonherrnetic Ceramid 
a 
Glass DIP; 14 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 ~ TO-92. 
<: 
;;:; 
'Temperature Ranges: C = Commercial, 0 to +70·C; I = Industrial, -40·C to +8S·C (Some older products -2S·C 'a +8S·C); M = Mililary, -SS·C 'a +12S·C. 


:JJ 
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Cl 
'tl 
Sigma-Delta ADCs 
d 
S2 
Input 
Through- 
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9 
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BW 
put Rate 
Voltage 
Interface 
Package 
Temp 
~ 
Model 
Bits 
kHz 
kHz 
Int/Ext' 
Bits2 
Options3 
Range' 
Page 
Comments 
r- 
Serial 
C,I,M 
C02-189 
16-Bit 100 kSPS Oversampling ADC, Single Supply 
("') 
*AD776 
16 
50 
100 to 400 
2 V, Int 
1,2 
Cl 
*AD1878 
16 
24 
2.5 to 50 
3 V, Int 
Serial 
2 
C 
C II 2-295 
Similar to ADI879 with 16-Bit Resolution 
~ 
*AD7701 
16 
10Hz 
4 
2.5 V, Ext 
Serial, ",P 
2,3,6 
I,M 
C II 2-403 
16-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth 
~ 
JJ 
*AD28msp02 
16 
4 
8 
2.5, Ext 
Serial, ",P 
6 
C 
C I 4-25 
Complete Voice Band Linear Codec with On-ehip 
ill 
Filtering, Single Supply 
JJ 
*AD28mspOl 
16 
3.4 
7.2/8.0/9.6 
2.5,Ext 
Serial, ",P 
6 
C 
CI4-9 
Complete Analog Front End for High Performance, 
(I) 
DSP-Based Modems, 
Single Supply 
*AD1879 
18 
24 
2.5 to 50 
3 V, Int 
Serial 
2 
C 
C II 2-297 
Dual Channel, High Performance 
Stereo 18-Bit 
Oversampled ADC 
*AD79024 
20 
18.5 to 
0.075 
2.5 V, Int 
Serial 
2,6 
C 
CO 7-57 
Quad 2o-Bit Sigma Delta ADC, Low Power 
300Hz 
to 1.145 
with BW up to 300 Hz 
*AD7703 
20 
10Hz 
4 
2.5 V, Ext 
Serial, ",P 
2,3,6 
I,M 
CO 2-419 
2o-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth 
*AD7710 
21 
OCto 
0.01 to 
2.5 V, Int 
Serial, ",P 
2,3,6 
I,M 
C02-435 
21-Bit Sigma-Delta Signal Conditioning ADC 
262 Hz 
1.0 
for Thermocouple 
or mV Input 
*AD7711 
21 
OCto 
0.01 to 
2.5 V, Int 
Serial, ",P 
2,3,6 
I,M 
C02-457 
Similar to AD7710 but for RID 
or mV Input 
262 Hz 
1.0 
*AD7712 
21 
OCto 
0.01 to 
2.5 V, Int 
Serial, ",P 
2,3,6 
I,M 
C02-479 
Sinillar to AD7710 with Higher Input Voltage Range, 
262 Hz 
1.0 
More General Purpose 
*AD7713 
21 
OCto 
2.0 to 
2.5 V, Ext 
Serial, ",P 
2,3,6 
I,M 
C II 2-501 
Loop Powered 21-Bit Sigma-Delta Signal 
52.4 Hz 
200Hz 
Conditioning ADC 


Multiplexed ADCs 
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Res 
# 
Time 
BW 
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Package 
Temp 
Model 
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Bits' 
Options' 
Range" 
Page 
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AD7769 
8 
2 
2.5 
200 
Ext 
8, ,..P 
2,5 
C 
C II S-27 
CMOS, Complete 
2-Channel I/O Port with 
Input/Output 
Signal Conditioning 
AD7824 
8 
4 
2.5 
10 
0-5 V, Ext 
8, ,..P 
2,3,6 
C,I,M 
C II 2-533 
CMOS, On-Chip Track-Hold 
AD7828 
8 
8 
2.5 
10 
0-5 V, Ext 
8,,..P 
2,3,4,5 
C,I,M 
C II 2-533 
CMOS, On-Chip Track-Hold 
AD7581 
8 
8 
66.7 
-10 V, Ext 
8, ILP 
2,3,5 
C,1 
C II 2-363 
CMOS, 8-Channel DAS 
*ADI341 
12 
8/16 
6.67 
10 V, Int 
16, ,..P 
12 
C,M 
C II 7-25 
High Speed, 
16-Channel Programmable 
12-Bit DAS with 25 ns Bus Interface 
AD1334 
12 
4 
15 
235 
-5 V, Int 
12, ,..P 
I,M 
C II 7-21 
Four-Channel 
65 kHz 12-Bit Sampling ADC 
for Digital Signal Processing, 
On-Chip FIFO 
*AD7874 
12 
4 
32.5 
500 
3 V Int 
12, ,..p 
2,3,6 
C,I,M 
C II 2-579 
CMOS, Simultaneous 
Sampling Four-Channel 
(for 4 Channels) 
29 kHz ADC for ±10 V Input Signals 
AD363R 
12 
8/16 
40 
10 V, 1m 
12, ILP 
1 
C,M 
C II 7-5 
High Speed, 16-Channel, 12-Bit DAS 
AD364R 
12 
8/16 
50 
10 V, Int 
12, ILP 
1 
C,M 
C II 7-5 
16-Channel, 12-Bit DAS with Three-State 
Buffers 


AD7582 
12 
4 
100 
4 V~ V, Ext 
12, ,..P 
1,2,5 
C,I,M 
C II 2-371 
CMOS, 
1 LSB Total Unadjusted 
Error 
*AD7890 
12 
8 
10 
500 
2.5 V, Ext 
Serial, ,..P 
2,3,6 
I,M 
C II 2~53 
CMOS, 8-Channel 
Multiplexed 
ADC 
for ±10 V Input Signals 
*AD7891 
12 
8 
10 
500 
2.5 V, Ext 
12, ,..P 
10 
I,M 
C II 2~59 
CMOS, 8-Channel 
Multiplexed 
ADC 
for ±10 V Input Signals 


IExt indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. lot indicates reference is internal. A voltage value is given if the 
reference is pinned out. 
2This column lists the data format for the bus with uJLP" indicating microprocessor capability-Le., 
for a 12-bit convener 8/12, J.LPindicates that the data can be formatted for an 8-bit bus or can be in parallel (12 


bits) and is microprocessor compatible. 
'Package Options: I = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; S = Plastic Leaded Chip Carrier; 6 = Small Outline "sorc" Package; 
7 = Hermetic Metal Can; 8 ~ Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; II = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramid 
Glass DIP; 14 = J-Leaded Ceramic Package; IS ~ Ceramic Pin Grid Array; 16 = TO-n. 
'Temperarure Ranges: C ~ Commercial, 0 to +70'C; I = Induslrial, -40'C 
to +8S'C (Some older products -2S'C 
to +8S'C); M = Military, -SS'C 
to + 12S·C. 


Boldface Type: Product recommended for new design. 
*New product since the publication of the most recent Databooks. 
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Orientation 
Analog-to-DigitaI 
Converters 


FACTORS IN CHOOSING AN AID CONVERTER 
This section contains technical data and selection guides for 
stand-alone 
general- and special-purpose 
analog-to-digital 
converters 
(ADCs), including many sampling types. Devices and sub- 
systems that perform analog-to-digital conversion functions are 
also to be found in many other sections of this reference man- 
ual; they include ICs (general purpose and application specific), 
multichip modules, and larger packages: 


• VIF and FN Converters (for low noise, high resolution con- 


version applications) 


• Synchro- and Resolver-to-Digital 
Converters (for position- and 
motion-control 
applications) 


• Data Acquisition Subsystems (for applications requiring signal 
conditioning combined with conversion) 


• I/O Ports (for applications requiring both AID & DIA 
conversion) 


• Bus Interface and Serial I/O Products (subsystems) 


• Digital Panel Meters 


• ASICs (systems-on-a-chip 
for custom applications) 


• Communications 
Products (codecs for modems, DSP periph- 
erals, etc.) 


The devices in this section include approximately 
80 different 
families of analog-to-digital converters (ADCs) constructed using 
elements of a few basic architectures. 
If one were to consider all 
the variations, there would be hundreds of different types among 
which to choose. Why so many? 


The answer is found in the diversity of real-world applications. 
Besides the key parameters, 
resolution and speed, many other 
considerations influence the choice of converter for a given ap- 
plication. Among the degrees of freedom are static and dynamic 
accuracy, digital data interface, control interface and timing, 
sample-and-hold 
capability, the analog signal, reference require- 
ments, calibration capability, number of channels, power con- 
sumption, environmental 
requirements, 
package constraints, and 


software-related 
issues. 


In this section, we discuss the various types of converter archi- 
tectures that have evolved to deal with these considerations, 
fol- 


lowed by a glossary that includes definitions of the most- 
important specifications and many additional terms. Much 
additional information can be found in books listed in the Tech- 
nical Publications section, starting on page 12-8, particularly the 
Analog Devices High-Speed 
Design Seminar 
(1990) and Mixed- 
Signal Design Seminar 
(1991) and the classic Analog-Digital 
Con- 
version Handbook 
from Prentice Hall (1986); all of these can be 
purchased from Analog Devices at reasonable cost. 


FUNCTIONAL 
CHARACTERISTICS 
Direct Conversion 
In concept, the simplest-and 
fastest-AID 
converter is one that 
performs a conversion directly. The basic architectural element 
of all AID converters is a I-bit converter, the comparator. 
If the 
input signal, applied to the + input (for example), is greater 
than a reference, applied to the - input, the output goes high 
("I"); 
if the input signal is less, the output goes low ("0"). 


A "flash"-or 
direct-converter 
provides the fastest multibit 
conversion. The basic n-bit flash converter typically consists of 
2" - 
I comparators* connected in parallel, with references 
spaced VFS/2" (i.e., I LSB) apart; if the input signal increases, 
more comparators go high. The latched comparator outputs are 
combined by a priority encoder to form parallel n-bit digital 
words. An example of flash converter is the 10-bit AD9060, 
which can convert at a rate of 75 megasamples per second. 


The space, input capacitance, and power required by large 
numbers of comparators have historically limited the resolution 
available with direct conversion. For this reason, most of the 
converters in use today perform a sequence of partial direct 
conversions and/or rely on an indirect method involving time 
integrations. 


Partial Conversions 
in Sequence 
Converters in this class perform several conversions involving 
one or more bits to arrive at the complete n-bit conversion. 


• Subranging 
Converters use two or more steps of lower- 
resolution flash conversion to convert an analog signal at high 
speeds with resolutions of up to 14 bits (e.g., the 14-bit, 
10 MSPS hybrid AD9014, and the 12-bit, 500 ns monolithic 
AD671). For example, in performing an n-bit conversion 
using two steps of subranging, 
first a coarse m-bit conversion 
is performed, 
then the result is converted back to one of 2m 


levels-using 
a D/A converter with at least n-bit accuracy-and 
compared with the input. The difference is then converted 
with a k-bit converter (where k + m '" n) and the two outputs 
are combined. If k + m > n, digital correction may be used 
to eliminate overlap errors. 
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• Sw:cessive Approximations. 
In this popular technique, 
a single 
comparator is used to compare the input with the output of 
an n-bit DAC as a reference, and n single-bit conversions are 
performed-in 
a manner similar to weighing an object on a 
chemist's balance with binary weights. Using a successive- 
approximations 
(shift) register (SAR), the MSB of the DAC 
is asserted and the input is compared with the MSB alone 
(one-half the DAC's span). The choice (lor 
0) is latched in 
and-applied 
to the DAC-fIXes 
the DAC output (at 0 or 1/2). 


The register is clocked, the second bit is asserted, and the input is 
now compared with the fIrst result plus the second bit, (0 + 1/4) 
or (112 + 1/4). The result of the second-bit test (lor 
0) is 
latched in; the DAC's output is either 0, 1/4, 1/2, or 3/4; the 
third bit is asserted; and the process continues until the LSB 
has been tried, the DAC output is within 1/2 LSB of the input, 
and all n bits have been latched into the corresponding 
states. 


Successive-approximation 
converters are widely used because 
they are capable of speeds approaching 
I MHz and resolutions 
up to 16 bits and more. A typical example is the industry- 
standard 12-bit AD574A, plus its variants and successors. 


Integrating 
Converters 
Integrating converters have two main sections, a measuring sec- 
tion - that converts the analog information to a time interval or a 
train of pulses-and 
a counter or fllter to quantify the result as a 
digital number . 


• Dual-Slope. 
Typically, a dual-slope converter consists of an 
analog integrator with switched inputs, a comparator, 
and a 
counter. Starting from an initial value and computing for a 
fIXed interval (number of counts), Nt1t, with the analog input 
signal applied, the output of the integrator traverses a range 
proportional 
to the average value of the analog signal, V/N' 


At the end of the N counts, a fIXed reference voltage of oppo- 
site sense to the signal is applied, and the integrator ramps 
linearly in the opposite direction until the comparator detects 
that the integrator output has reached the original starting 
point-after 
n counts. Since n is proportional 
to the voltage 
range traversed (which in turn is proportional 
to the average 
value of the input signal), n = N (VIlIV REF)' 
Between con- 
versions, a calibration cycle can be used to zero out offsets . 
• 
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The inherent 
-6-dB-per-octave 
low-pass characteristic of the 
integrator in dual-slope converters tends to reject high frequency 
noise; in addition, noise components having periods that are 
submultiples of the signal-integration 
interval (N) will integrate 
to zero. t1t may therefore be chosen to reject noise at power fre- 
quency (e.g., 50 or 60 Hz) and its harmonics. Because of the 


time required for integration, 
these types of converters tend to 
be used for signals having relatively low bandwidths 
(compared 
to the types discussed above). They are especially useful where 
noisy signals are to be converted and relatively infrequent updat- 
ing is necessary, for example in numeric display of voltage (e.g., 
digital panel meters). 


Charge-Balance. 
This architecture is used by voltage-to-frequency 
converters and is similar to architectures 
used for ~-<i types. 
Employing a free-running 
integrator in a feedback loop, it con- 
tinually seeks to null its input by subtracting 
precisely deter- 
mined packets of charge when the accumulated charge exceeds a 
reference value. The number of charge packets per second (or 
frequency) required to balance a given input is proportional to 
the input. A counter may be used to convert the serial pulse 
train to a digital word. The figure shows a synchronous charge- 
balance voltage-to-frequency 
converter. 


Oversampling, 
or Sigma-Delta 
A sigma-delta converter quantizes an analog signal with very low 
resolution (I bit) and a very high sampling rate (in the mega- 
hertz). With the use of oversampling techniques and digital fil- 
tering, the sampling rate is reduced and the resolution can be 
increased to as many as 20 or more bits. Since oversampling 
converters employ digital signal processing, they can work hand- 
in-glove with DSP systems to optimize the processing burden. 


The basic oversampling converter consists of a sigma-delta mod- 
ulator, which produces a stream of bits, and a digital filter, to 
interpret the bit stream as an n-bit word. The basic form uses a 
tracking loop, consisting (in the simplest configuration) of a one- 
bit ADC (latched comparator), 
a one-bit DAC (two-level 
switched reference), and an integrator; The DAC's output is 
subtracted from the input and the result is integrated, * com- 
pared to zero, and latched at a megahertz rate; the DAC feeds 
back a one-bit analog representation 
of the ADC's output, a se- 
rial stream of bits-Is 
and Os. The bit stream is filtered digitally 
to trade speed for resolution. 


Because sigma-delta converters latch on a high speed clock 
pulse, they do not require sample-holds. Since the bit stream is 
a train of 18 and zeros, there are no missing codes. The digital 
filtering is essentially another sampling operation; it produces 
data at a rate less than one-half the fast clock rate but substan- 
tially higher than twice the maximum signal bandwidth. 
The 
ratio of the output data rate to the input's Nyquist rate is the 
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oversampling 
ratio. The sigma-delta modulation process permits 
noise to be shaped so as to move most of the quantization 
noise 
energy into higher frequencies that are more easily fIltered out. 


Sigma-delta converters are especially useful for high resolution 
conversion of low-frequency signals as well as low-distortion 
conversion of signals containing audio frequencies. Their high 
proportion of digital circuitry makes them excellent candidates 
for high yield manufacture in IC form. 


APPLICATION 
CONSTRAINTS 
The many factors that call for large numbers of different devices 
are summarized briefly here. Definitions and discussions of 
terms used will be found in the glossary. 


• Static and Dynamic Accuracy. 
Examples of static accuracy 
specifications, required in many precision low-frequency ap- 
plications, include differential and integral nonlinearity, 
missing-code specs, gain error, offset error and drift, as well 
as conversion time (or rate). Dynamic accuracy is important 
in ac applications such as audio, video, and with digital signal 
processors; such applications call for sampling-type ADCs (or 
ADCs and sample-holds specified together). Important 
speci- 
fications include bandwidth, 
signal-to-noise ratio, distortion 
(total harmonic and 2-tone intermodulation), 
sampling (or 
throughput) 
rate, aperture jitter. How much error is allowed 
for the converter in the system error budget? 


• Digital Data Interface. 
Considerations here include code (bi- 
nary, offset binary, twos complement, 
BCD) and the format 
of the signal to be interfaced -n-bit 
parallel (or "broadside"), 


with on-chip or off-chip registers, byte-serial (e.g., to inter- 
face 12-bit data to an 8-bit bus), n-bit-serial, or serial bit 
stream. Byte-serial considerations include the choice of left or 
right justification. 
Overrange error indication may also be 
provided. Some processor-friendly 
ADCs include one or more 
words (FIFO) of buffer memory; less-friendly ADCs may rely 
on interrupts 
to indicate when conversions have been com- 
pleted. What logic compatibility is required (TTL, 
low- 
voltage CMOS, high voltage CMOS, ECL)? 


• Control Interface 
and Timing. These specify modes of chip 
selection and enabling, starting conversions, status indication 
(busy, data ready, end of conversion), data format, short cy- 
cle, conversion clocking, repetitive (continuous) conversions, 
sample-hold control, serial clock, synchronization, 
reset, and 
"sleep" mode (to minimize dissipation). They may also con- 
trol analog functions, such as bipolar offset, gain, self- 
calibration 
modes, 
and selection 
of multiplexer 
channel. 


• Sampling Capability. 
An ADC requires a low-jiner sample! 
hold (or tracklhold) function to maintain a constant input 
value during conversion, to establish precisely the instant of 
time associated with the converted data, and - in consequence 
-to 
obtain a train of regularly spaced conversions for digital 
signal-processing applications. 
For applications where a 
sample-hold function is needed, sampling ADCs (SADCs) 
eliminate the need for an external sample-hold function. 
Where all other considerations are met, this has the key ad- 
vantages of compacmess, 
combined tested specifications (usu- 


ally bener than for separate devices), and lower cost. Some 
sampling converters are ready for another sample well before 
a multiple-step 
conversion has been completed; this pipelining 
makes it possible to speed up the conversion rate for multiple 
conversions; but for an isolated data point one must consider 
latency, the time required for a complete single conversion. 


• The Analog Signal. Elements of choice include range, 
whether unipolar or bipolar, and bandwidth. 
What resolution 
is desired? Is it single-ended or differential? Is signal condi- 
tioning needed (isolation, fixed or programmable 
gain or at- 
tenuation, 
I-to-V conversion, offsetting, noise filtering, 
multiplexing)? 
Is it already sampled? Is the output low 
enough in dynamic impedance to drive a proposed ADC's 
input? (If not, a buffer amplifier may be needed.) Is imped- 
ance matching necessary to avoid reflections? What sort of 
ground management will be necessary? 


• Reference 
Requirements. 
What reference range and polarity 
are needed? Is an internal reference desired, or will a system 
reference be used? (Or will the converter's internal reference 
provide the system reference?) Is the converter to be used 
ratiometrically (because the variable actually converted is the 
ratio of signal to reference, accuracy can be gained by using 
for the converter the same reference that provides excitation 
for an input source, e.g., bridge excitation voltage). What 
current load must it supply? Is one end grounded, 
or must its 
output be differential? Are Kelvin connections necessary? de- 
sirable? available? Are the gains and/or the bipolar offset jum- 
pered externally or switched by software. 


• Calibration 
Capability. 
How are the offset and gain trimmed? 
Are zeroing and/or gain adjustment 
terminals available? Are 
trim DACs provided on chip for digital adjustment? 
Is cali- 
bration performed automatically on the device? Periodically or 
on request? 


• Number 
of Channels. 
Does the application call for more than 
one input? Is multiplexing to be provided on- or off-chip? Is 
more than one AJD conversion at a time needed simulta- 
neously in the same device? Is a multiple sample-hold needed 
for simultaneous sampling of input channels? Can conversion 
of a single channel be speeded up by "ping-ponging" 
pairs of 
sampling converters? Does a fast converter have a pair of al- 
ternately updated output registers so that its output can be 
distributed 
to two slow memory channels? 


• Clock. Considerations include: speed range, drive required, 
edge rate, allowable overshoot, internal/external 
system clock, 
duty cycle, rising/falling-edge reference. 


• Power Supply. What supply voltage levels are available? Is 
the supply a switching or a linear type? What are the power 
supply's regulation and noise characteristics? What sort of 
bypassing will be needed? Is there a limitation on available 
current drain or power dissipation? What are the supply's 
power-up characteristics? Is operation continuous or intermit- 
tent? Is a reference voltage to be derived from the power sup- 
ply? Where is the supply located physically in relation to the 
converter and analog signals? Are electrical or magnetic fields 
associated with the supply likely to cause problems? Are re- 
mote devices powered centrally or locally? What is the best 
grounding scheme? Is isolation desirable? 


• Environmental 
Requirements. 
What is the specified operat- 
ing temperature 
range: O°Cto +70°C (commercial), 
-25°C to 
+8SoC (industrial), 
-40°C to +8SoC (extended industrial), 
or 
-55°C to + 125°C (military)? What other environmental 
as- 
pects are of importance (humidity, 
barometric pressure, dust, 
moisture, shock, vibration, ionizing radiation)? What behavior 
is expected in worst-case environmental 
conditions (survival, 
reliable operation, performance within specifications)? Is the 
environment 
electrically noisy? What is the character of the 
noise (amplitude, frequency, waveshape)? 


• Package Constraints. 
What level of physical protection is 
required (chip, multichip reel, plastic package, hermetic pack- 
age)? What kind of package and interconnections 
does your 
customer specify? What is the assembly method (automated, 
surface-mount, 
chip-and-wire, 
manually board-mounted)? 
How much space is available? Is a completely self-contained 
device desirable? What terminals or functions must be 
accessible? 


• Software- and Control-Related 
Issues. 
Is conversion to occur 
at a regular rate or on the occurrence of an event? How much 
latency is permissible? How much time is available for con- 
version? For bus access? Must the conversion results be used 
immediately? If not, must buffer capacity be available to store 
more than one result? Must a new conversion start as soon as 
the last one ended? Is glue logic undesirable? 


• 


SPECIFICATIONS 
AND TERMS 
Definitions of performance specifications and other frequently 
used terms will be found below in alphabetical order. Since they 
tend to be broad and generally applicable, specific data sheets 
and application notes should be consulted for details as they ap- 
ply to specific products and applications. 


Accuracy, 
Absolute 
The error of an AID converter at a given output code is the 
difference between the theoretical and the actual analog input 
voltages required to produce that code. Since the code can be 
produced by any analog voltage in a finite band (see Quantizing 
uncertainty), 
the "input required to produce that code" is de- 
fmed as the midpoint of the band of inputs that will produce the 
code. For example, if 5 volts (± 1.2 mV) will theoretically pro- 
duce a l2-bit half-scale code of 100000000000, then a converter 
for which any voltage from 4.997 V to 4.999 V will produce that 
code will have an absolute error of (4.997 + 4.999)/2 - 5 volts 
= -2 mV. 


Absolute error comprises gain error, zero error and nonlinearity, 
together with noise. Absolute-accuracy 
measurements 
should be 
made under a set of standard conditions with sources and meters 
traceable to an internationally 
accepted standard. 


Accuracy, 
Relative 
Relative accuracy error, expressed in percent, parts per million, 
or fractions of an LSB (full-scale rangel2"), is the deviation of 
the analog value at any code, (relative to the full analog range of 
the device transfer characteristic) from its theoretical value (rela- 
tive to the same range) after the full-scale range (FSR) has been 
calibrated. 


Since the discrete points on the theoretical transfer characteristic 
lie on a straight line, this deviation can also be interpreted 
as a 
measure of nonlinearity. 


The "discrete points" of an AID transfer characteristic are the 
midpoints of the quantization 
bands at each code (see Accuracy, 
absolute). However, since transitions between codes are easier to 
find than the midpoints, 
this characteristic is often defined in 
terms of an adjacent transition, usually the low-side transition. 


Aliasing 
A signal within a bandwidth, lA' must be sampled at a rate, 
Is > 21A in order to avoid loss of information. 
If the number of 
samples of a signal, I, is inadequate, 
i.e., Is < 2 I, a phenome- 
non called aliasing, inherent in the spectrum of the sampled sig- 
nal, will cause a frequency equal to Is - I, called an "alias" to 
appear in the signal band (of frequencies below Is/2). For exam- 
ple, if Is = 4 kHz and I = 3 kHz, a I kHz alias will appear. 
Note also that, for a 1 kHz signal (which is within the band, 
Is/2), the alias will be at 3 kHz, outside the band. Since noise is 
also aliased, it is essential to provide low-pass fIltering prior to 
the sampling stage to prevent high frequency noise on the signal 
line from being aliased into the signal range. 


Analog-to-Digital 
Converter 
(ADC) 
An analog-to-digital converter quantizes an analog input voltage 
(i.e., measures and assigns it to one of 2" equal ranges, or 
quanta, within the expected span) and interprets the quantum as 
a digital number. 


Aperture Jitter 
Aperture jitter is the sample-to-sample variation in the space in 
time between the effective points at which the samples are actu- 
ally taken. It is often due to phase jitter on the input sine wave 
or unwanted phase-modulation 
of the sampling clock by sources 
such as random noise, power line noise, or digital noise stem- 
ming from poor layout, bypassing, or grounding. 
The resulting 
error can be expressed in terms of an rms time jitter, which pro- 
duces a corresponding 
rms voltage error, decreasing the overall 
ADC signal-to-noise ratio. 


When a sample-hold is used ahead of a nonsampling AID con- 
verter (typically successive-approximation 
and flash), the timing 
uncertainty 
of the conversion process is reduced by the ratio of 
aperture jitter to the conversion time. Expressed another way, 
the maximum frequency that can be handled with less than 
1 LSB error due to timing is r"/(-rrT.), instead of r"/(-rrTc)' 
where 
"fa 
is the aperture 
uncertainty 
and 
'Tc is the conversion 
time. 


Aperture 
Time (Delay) 
Aperture time (sometimes called aperture delay time-although 
it may be either a delay or an advance) is a measure of the inter- 
val between the leading edge of the sampling clock and the in- 
stant at which the sample-hold or sampling ADC actually takes 
the sample. The variation or tolerance placed on this parameter 
from part to part is important in simultaneous sampling applica- 
tions or other applications where ADCs are required to track 
each other when processing dynamic signals. Timing can be ad- 
vanced or delayed to improve accuracy, but precision is ulti- 
mately limited by aperture jitter. 


Bandwidth, 
Full-Linear 
The full-linear bandwidth is the input frequency at which the 
slew-rate limit of the sample-hold amplifier (SHA) is reached. 
Up to this point, the amplitude of the reconstructed 
fundamen- 
tal will have been attenuated by less than 0.1 dB. Beyond this 
frequency, distortion of the sampled input signal increases 
significantly. 


Bandwidth, 
Full-Power 
(FPBW) 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed 
fundamental 
(using FFTs) is re- 
duced by 3 dB for a full-scale input. In order to be meaningful, 
the FPBW must be examined in conjunction with the signal-to- 
noise ratio (SNR), effective number of bits (ENOB), and har- 
monic distortion in order to ascertain the true dynamic 
performance of the ADC at the FPBW frequency. 


Binary Coding 
The digital output of an ADC is considered binary-coded when 
outputs start at all-zeros for a zero-scale (unipolar) analog input, 
increasing to all-ones for FSR (I - r"), in binary sequence. For 
a bipolar analog range, all-zeros starts at negative full-scale, in- 
creasing in binary sequence to FSR (1- 2-"+ 1) for all ones; this 
coding is called ollset binary, which is easy for converters but 
not useful for computers; 
however, it is easily converted to twos 


complement 
by complementing 
the MSB. 


Bipolar Mode 
A configuration that an AID converter uses to handle signal 
spans containing both positive and negative signals. Usually it 
means offsetting half-scale to become analog zero, and either 
accepting the resulting offset binary code or changing it to twos 
complement by complementing 
the most-significant 
bit (see 


Binary Coding). 


Bipolar Negative Full-Scale 
Error 
In bipolar converters, 
for the first step of code (from 
0000 . . . 00 to 0000 . . . 0I in offset binary, or 1000 . . . 00 
to 1000 ... 
Olin twos complement), 
the ideal transition occurs 


at 1/2 LSB above - VREF' Bipolar negative-full-scale error is the 
deviation of the first code transition from the ideal when operat- 
ing in the bipolar mode. 


Bipolar Zero Error (Offset) and Drift 
In the bipolar mode, this is the deviation of the midscale 
transition (011 ... 
111 to 100 ... 
000 in offset binary, 


111 . . . III to 000 ... 
000 in twos complement) from the 
ideal (AGND 
- 0.5 LSB). 


Bus 
A parallel path of binary information signals-usually 
8, 16, or 
32 bits wide. Three common types of information usually found 
on buses are data, addresses, and control signals. 3-state output 
switches (inactive, high, and low) permit many sources-such 
as ADCs-to 
be connected to a bus, while only one is active at 
any time. 


Byte 
A byte is a binary digital word, usually 8 bits wide. A byte is 
often part of a longer word that must be placed on an 8-bit bus 
in two stages. The byte containing the MSB is called the high 
byte; that containing the LSB is called the low byte. A four-bit 
byte is called a nybble. 


Byte, High 
When a 12- or 16-bit word is placed on an 8-bit bus in two 
stages, the high byte contains the 4- or 8 most-significant 
bits. 
If 8, a 12-bit word is said to be left-justified; if 4 (plus filled-in 
leading sign bits), the word is said to be right justified. 


Byte, Low 
When a 12- or 16-bit word is placed on an 8-bit bus in two 
stages, the low byte contains the 4- or 8 least-significant bits. 
If 8, a 12-bit word is said to be right justified; if 4 (plus trailing 
zeros), the word is said to be left-justified. 


Capacitance, 
Input (CIN) 
The capacitance measured between the analog input and all sup- 
ply pins (including grounds) of an AID converter. Input capaci- 
tance often varies with input voltage, so it should be measured 
at worst-case input voltage. This parameter is important at high 
input frequencies because an amplifier or track-and-hold 
must 
drive it without introducing 
unacceptable levels of distortion. 


Chip Select (CS) 
A logic input signal activating data or control information trans- 
fer between the ADC and the digital circuitry. This signal is 
usually active-low, as designated by the overbar. CS is used in 
conjunction with additional qualifying logic signals to determine 
the exact activities to take place. 


Clock (CLK) 
The operation of many common AID conversion processes re- 
quires a clock to order events in the process. A system clock is 
also present to time the interfacing between the converter and 
the system. Operations may depend on clock levels or clock 
edges, either ascending or descending. 


Code, Missing 
In practice, the 2"-2 inner codes (excluding zero and full scale) 
are always wider or narrower than the ideal I LSB, especially in 
flash, subranging, 
and successive-approximation 
converters. If 
code-width errors (see Nonlinearity, 
Differential) exceed I LSB, 
one or more codes may have zero width; as the input increases, 
the output will jump between the adjacent codes, e.g., from 
11 ... 
011 to 11 ... 
101, skipping 11 ... 
010. A specification 
that guarantees no missing codes requires that every code com- 
bination appear in a monotonically increasing sequence as the 
analog input level is increased. 


Code Repetition 
The ability of the ADC to continuously provide the same digital 
output for a stable analog input voltage in the middle of a code. 


Code Width and Uncertainty 
Code width is the amount of input voltage change between out- 
put code transitions, 
expressed in LSBs of full scale (FSR/2"). 


The ideal code width is I LSB. Since transition voltage is sensi- 
tive to noise and jitter, there is always a degree of uncertainty 
associated with code-width measurements. 


~ding 
• 
This term refers to the code and format employed to express an 
ADC's digital output data. Codes include binary, binary-coded 
decimal (BCD), offset binary, twos complement, 
and comple- 
mentary (negative-true) 
versions of these codes. The codes may 


be expressed in parallel, byte-serial, and bit-serial formats. Some 
converters, (e.g., VfFs) have uncoded (i.e., bit-stream) outputs. 


~mmand 
Register 
An internal register of the ADC that can be programmed 
by the 
user to select various modes of operation; examples of selection 
choices include unipolar or bipolar conversion, range, data out- 
put format. 


~mmon-Mode 
Rejection 
The ability of a device to reject the effect of voltage applied to 
both input terminals simultaneously-often 
through variation of 
a ground level-is 
specified as a common-mode 
rejection ratio 


(CMRR, or in logarithmic form, CMR = 20 log CMRR). 
CMRR is the ratio of gain for the differential, or normal-mode, 
signal to the gain for the common-mode 
signal. 


Conformance, 
Straight Line 
This term describes how closely the ADC transfer characteristic 
conforms to a reference straight line. Nonconformance 
can be 


described in terms of integral nonlinearity (the difference be- 
tween the actual code centers and a straight line), or dynami- 
cally in terms of waveform distortion. 
For many applications, 


this property is far more important 
than calibration errors 


and drifts. 


~ntrol 
Lines 
Digital input/output 
pins that activate or monitor and control 
ADC operation. Examples include chip select, low byte, high 
byte, start convert, end of conversion, conversion complete, 
busy, read, etc. 


Conversion 
Complete 
(CC) 
This digital output signal indicates the end of conversions. 
When this signal is in the opposite state, the ADC is considered 
to be "busy." Also called end of conversion, or EOC. 


Conversion 
Time (tel and Conversion 
Rate 
The time required for a complete measurement 
by an ADC is 
called conversion time. For most converters (assuming no signifi- 
cant additional delays), this is the same as the inverse of conver- 
sion rate. For simple sampling ADCs, however, the conversion 
rate is the inverse of the conversion-time-plus-the-sample-hold's 
acquisition-time. 
However, in some high speed sampling con- 
verters, because of pipe1ining, new conversions are initiated be- 
fore a prior conversion has been completed. Once a train of 
conversions has been initiated, as in signal-processing applica- 
tions, the conversion rate can be much faster than the conver- 
sion time would imply. 


Cycle Time 
The time required for the converter clock to fInish a complete 
conversion cycle and be ready to start the next cycle. This can 
be longer than the conversion time because of a cycle required 
to reset the successive-approximation 
register or several cycles 
longer to perform a calibration. Sometimes known as latency. 


Delta-Sigma, 
see Sigma-Delta 


Differential 
Nonlinearity 
(DNL), 
see Nonlinearity 


Distortion, 
(Total) Harmonic 
THO is usually measured as the ratio of the rms sum of the 
next fIve harmonic components to the rms value of a full-scale 
fundamental input signal and is expressed as a percentage or in 
decibels: 


THD = 10 log [(V/ + vl + vl+ VS 
2+ Vl)JV1 
2 
]. 


where VI is the rms amplitude of the fundamental 
and V2, V3, 
V., Vs, and V. are the rms amplitudes of the second through 
the sixth harmonic. The THO can be derived from the mea- 
sured FFT plot of the device's output spectrum. 
For input sig- 
nals or harmonics that are above the Nyquist frequency, the 
aliased component is used. 


Distortion, 
Intermodulation 
(IMD) 
With inputs consisting of sine waves at two frequencies, fA and 
fB' 
any device with nonlinearities will create distortion products, 
of order (m+n), 
at sum and difference frequencies of mfA ± nfB' 
where m,n = 0, I, 2, 3 .... 
Intermodulation 
terms are those 
for which m or n is not equal to zero. For example, the second- 
order terms are (fA + fB) and (fA - fB)' 
and the third-order 
terms are (2fA + fB)' 
(2fA - fB)' 
(fA + 2fB)' 
and (fA - 2fB)· 


The IMO products are expressed as the decibel ratio of the rms 
sum of the distortion terms to the rms sum of the measured in- 
put signals. 


Drift, Temperature 
The temperature 
drifts for full-scale (or gain) error, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at T MIN or T MAX. 


Dual-Slope 
Conversion 
A form of integrating conversion. See the FUNCTIONAL 
CHARACTERISTICS 
section. 


Effective Number 
of Bits 
For a sine wave, signal-to-noise 
ratio (SNR) can be expressed in 
terms of the number of bits. Rewriting the SNR formula, it is 
possible to get a measure of performance expressed as N, the 
effective 
number 
of bits (ENOB). 


N = (SNR - 
1.76)/6.02 


Thus, effective number of bits for a device for sine wave inputs 
at a given input frequency can be calculated directly from its 
measured SNR. 


End of Conversion 
(EOC) 
This digital output signal flags the conversion complete and 
data-ready condition of an NO converter. 


Feedthrough 
Undesirable signal coupling around switches of other devices 
that are supposed to be turned off or provide isolation, e.g., 


feedthrough 
error in a multiplexer. 
It is variously specifIed in per- 


cent, ppm, fractions of I LSB, or fractions of I volt, with a 
given set of inputs at a specifIed frequency. 


FIFO (First-In, 
First-Out 
Memory) 
This is best defIned by an example. The A07878 
12-bit sam- 
pling AOC, designed to interface with signal processors, has 
eight words of fIrst-in, fIrst-out (FIFO) memory on-chip. This 
permits up to 8 data samples to be acquired and stored before 
the processor is required to read; the benefIt is that the software 
overhead associated with servicing processor interrupts 
is greatly 
reduced. The 8 words that were stored can then be read out of 
the FIFO at maximum processor speed. 


"Flash" 
Converter 
A converter providing direct (hence the most rapid) conversion. 
See the FUNCTIONAL 
CHARACTERISTICS 
section. 


Frequency-Domain 
Testing 
In one approach, a device is tested dynamically using a sine- 
wave input and a 2,048-point fast Fourier transform (FFT) to 
analyze the resulting output. Coherent sampling is used, 
wherein the AOC sampling frequency and the analog input fre- 
quency are related to each other by a ratio of integers. This en- 
sures that an integral multiple of input cycles is captured, 
allowing direct FFT processing without windowing or digital 
fIltering, which could mask some of the dynamic characteristics 
of the device. In addition, the frequencies are chosen to be "rel- 
atively prime" (no common factors) to maximize the number of 
different AOC codes that are present in a sample sequence. The 
result, called prime coherent sampling, is a highly accurate and 
repeatable measure of the actual frequency-domain 
response of 
the converter. 


Full-Scale 
Calibration 
Range 
For self-calibrating ~-~ converters in the system calibration 
mode, the range of voltages the device can accept and still cali- 
brate full-scale accurately. 


Full-Scale 
Error, see also Gain Error 
The last transition (from 111 ... 
10 to 111 ... 
11) should oc- 
cur for an analog magnitude 
I 1/2 LSB (i.e., 1.5 FSRl2n) 
below 
the nominal full scale. The full-scale error is the deviation of the 
actual level of the last transition from the ideal level at 25°C 
without adjusting the offset. The full-scale error can be adjusted 
to zero. 


Full-Scale 
Range (Span) 
The difference between the maximum and minimum analog val- 
ues for input to an NO 
converter. 


Gain Drift, see Drift 


Gain Error 
The last transition should occur at an analog value I 1/2 LSB 
below the nominal full scale. The fIrst transition is 1/2 LSB 
above the low end of the scale (zero in unipolar converters, 
- FS 
in bipolar converters). The gain error is the deviation of the ac- 
tual difference between the fIrst and last code transitions from 
the ideal difference between the fIrst and last code transitions. 
This error can be adjusted. 


Half-Step 
Offset (Low-Side Transition) 
In designing an ADC, since comparisons establish transition 
points, a half-step offset is necessary to center the analog input 
voltages halfway between the output code transition points. For 
example, the successive-approximation 
converter architecture 
inherently has a 1 LSB transition voltage (instead of 1/2 LSB) 
for the ftrst code change if a half-step offset is not inserted. 


Impedance, 
Input 
The dynamic load presented by a converter to its input source. 
In unbuffered 
successive-approximation 
converters employing 
current-summing 
at the comparator input, the presence of cur- 
rent pulses at the converter's clock frequency mandates that the 
converter be driven from a low impedance (at the clock fre- 
quency) in order to maintain an accurate voltage input. 


Input Range (Span) 
See Full-Scale Range. See also individual data sheets, especially 
for devices that provide self-calibration. 


Integral Nonlinearity, 
see Nonlinearity 


Least-Signiftcant 
Bit (LSB) 
In a digital word, the binary digit with the smallest numerical 
weighting-or 
its voltage equivalent. Normally, one LSB is 
equal to the full-scale range divided by 2", where n is the num- 
ber of bits provided by the converter. 


Left-Justified 
Data 
When a 12-bit word is placed on an 8-bit bus in two stages, the 
high byte contains the 4- or 8 most-signiftcant bits. If 8, the 
word is said to be left justified; if 4 (plus filled-in leading sign 
bits), the word is said to be right justified. 


Linearity 
Error, 
see Nonlinearity 


Major Transition 
The digital ourput code change at one-half the full span, from 
011 ... 
111 to 100 ... 
000. 


Missing Codes, 
see Code 


Most-Signiftcant 
Bit 
The binary digit with the largest numerical weighting. Nor- 
mally, the MSB of a digital word has a weighting of 1/2 the full- 
scale range. In bipolar-input 
converters, the MSB is also used as 


a sign bit (representing 
the upper or lower half of the full-scale 
range). If placed on a right justified bus wider than the data 
word, all bits to the left of the MSB should be filled with the 
same bit. 


Noise, Quantization 
As the input to an AID converter increases smoothly, the output 
moves up in a series of steps. When the analog input is summed 
with an ideal DAC reconstruction, 
these steps produce an error 
waveform shaped like an irregular sawtooth as each bit transi- 
tion is crossed. This waveform can be considered as a type of 
white noise. In sigma-delta converter design, the quantization- 
noise spectrum is shaped so as to move most of its energy out of 
the baseband, a key to the low noise and high resolution avail- 
able in these converters. 


Noise, Transition 
As repeated conversions are made in the vicinity of a transition, 
the transition will be found to occur at somewhat differing values 
of input. Transition noise is the rms value of the variation in the 
transition region. 


Nonlinearity, 
AC (Histogram 
Method) 
A full-scale sine wave is applied to the ADC and a large number 
of samples are taken (several million for a 12-bit converter, 
to 
achieve statistically satisfactory results). The number of occur- 
rences of each code is recorded on a histogram plot. The data is 
normalized by comparison with the U-shaped ideal probability 
density distribution 
of a sine wave. From it, DNL can be plot- 
ted, and integral nonlinearity can be determined 
by compiling a 
cumulative histogram, in which the bin widths are the transition 
levels. (An example of the results can be found in the AD7870 
technical data.) 


Nonlinearity, 
Differential 
(DNL) 
In an ideal ADC, code transitions are 1 LSB apart. Differential 
nonlinearity is the maximum deviation, expressed in LSBs, 
from this ideal value. It is often specifted in terms of the maxi- 
mum number of bits for which no missing codes (NMC) are 
guaranteed. 


Nonlinearity, 
Integral (INL) 
The ideal transfer function for an ADC is a straight line drawn 
between "zero" and "full scale." The point used as "zero" oc- 
curs 1/2 LSB before the fust code transition. 
"Full scale" is de- 
fmed as a level 1 1/2 LSB beyond the last code transition. 
Integral nonlinearity is the worst-case deviation of a code from 
the straight line. The deviation of each code is measured from 
the middle of that code. In some cases, integral nonlinearity is 
defmed with respect to a best-ftt straight line, which is typically 
calculated using the least-squares method. 


Nyquist Frequency, 
Sampling Rate 
According to the sampling theorem, a signal within a band- 
width, fA> must be sampled at a rate, fs > 2 fA in order to 
avoid loss of information 
(see Aliasing). The "Nyquist 
(input) 
frequency" of a converter sampling atfs 
isf,sl2; alternatively, 
the "Nyquist 
(sampling) rate" is 2 fA' 


Offset Binary Code 
A digital binary code used to represent bipolar analog voltages. 
Negative full-scale voltage is assigned all-zeros (000 
00), 
zero voltage is at MSB high-all 
other bits zero (100 
00), 


and positive "full-scale" (from a transition 
1 1/2 LSB below full- 


scale) is assigned all-ones (Ill 
... 
11). The more useful twos- 
complement code is similar to offset binary, except that the 
MSB is complemented. 


Offset, Bipolar (also Bipolar Zero Error) 
In the bipolar mode the major carry transition (011111111111 to 
1000000ססoo0) should occur for an analog value 1/2 LSB below 
analog common. The bipolar offset error speciftes the maximum 
deviation of the actual transition point at 25°C. This offset is 
usually adjustable. The bipolar offset error and temperature 
co- 
efftcient respectively specify the initial deviation and maximum 
change in the error over temperature. 


Offset Calibration 
Range 
For self-calibrating ~-d converters in the system calibration 
mode, this is the range of voltages the device can accept and still 
calibrate offset accurately. 


Offset, 
Unipolar 
The first transition should occur at a level 1/2 LSB above analog 
common. Unipolar offset is defmed as the deviation of the actual 
transition from that point at 25°C. This offset can be adjusted. 


• 


The unipolar 
offset temperature 
coeffICient specifies the maximum 
change of the transition point over temperature, 
with or without 
external adjustments. 


Overrange 
When analog input voltages exceed the input range, an over- 
range condition is in effect. Normally, the digital output code 
stays at all-ones for positive overrange and all-zeros for negative 
overrange, with binary coding. Some converters have a digital 
output flag to signal overrange. 


Overrange, 
Negative Full·Scale 
In L-a converters, negative full-scale overrange is the amount of 
overhead available to handle input voltages below - VREF (for 
example, noise peaks or excess voltages due to system gain er- 
rors in system calibration routines) without introducing 
errors 
due to overloading the analog modulator of L-a converters or 
overflowing the digital filter. Note that the analog input will 
accept negative voltage peaks, even in the unipolar mode. 


Overrange, 
Positive Full·Scale 
In L-a converters, Positive full-scale overrange is the amount of 
overhead available to handle input voltages greater than +VREF 
(for example, noise peaks or excess voltages due to system gain 
errors in system calibration routines) without introducing 
errors 
due to overloading the analog modulator or overflowing the digi- 
tal filter of L-a converters. 


Oversampling 
Sampling at a rate greater than Nyquist is oversampling. 
If the 
degree of oversampling is substantial, 
the noise-fJltering problem 
is ameliorated. 
Oversampling is the key to the advantages of 
sigma-delta conversion. 


Overvoltage 
Recovery 
Overvoltage recovery time is defmed as that amount of time 
required for the ADC to achieve a specified accuracy after 
an overvoltage (usually 50% greater than full-scale range), 
measured from the time the overvoltage signal reenters the 
converter's range. The ADC should act as an ideallirniter 
for 
out-of-range signals, producing a positive or negative full-scale 
code during the overvoltage condition. 
Some converters provide 
over- and underrange 
flags to allow gain-adjustment 
circuits to 
be activated. 


Peak Spurious (Peak Harmonic 
Component) 
In the FFT spectrum of a converter output for a given sinusoi- 
dal input signal, the peak "spur" 
is the largest individual 
spectral component, 
excluding the input signal and dc. Its mag- 
nitude is expressed in dB relative to the rms value of a full-scale 
input signal. The dB difference in amplitude between it and the 
signal is the spurious-free 
dynamic 
range (SFDR). 


Pipelining 
A pipelined converter is a multistage converter which is capable 
of accepting a new signal before it has completed the conversion 
of one or more previous ones. A new signal arrives while others 
are still "in the pipeline." This is a technique used where a fast 
conversion rate is highly desirable and the latency of individual 
conversions is relatively unimportant. 


Power Supply Rejection, 
Sensitivity 
For many converters, variations in power supply will affect 
the scale factor, but not the converter's linearity. Power supply 


rejection is the maximum change in the full-scale transition 
point due to a change in power supply voltage from the 
nominal value. 


Quantizing Uncertainty 
(Error) 
The analog continuum is partitioned into 2" discrete ranges for 
n-bit conversion. All analog values within a given range are 
represented by the same digital code, which is assigned to the 
nominal midrange value. There is, therefore, an inherent quanti- 
zation uncertainty 
of ± 1/2 LSB, in addition to the actual con- 
version errors. In integrating converters, this "error" is often 
expressed as "± I count." 


R·2R Ladder 
A resistor network providing the basic binary-current 
division 
used in many successive-approximation 
ND converters. 


Ratiometric 
Converter 
The output of an NO converter is a digital number proportional 
to the ratio of (some measure of) the input to a reference. Many 
requirements 
for conversions call for an absolute measurement, 
i.e., against a fixed reference. In some cases, where the mea- 
surement is affected by a changing reference voltage (e.g., the 
voltage applied to a bridge), it is advantageous to use that same 
reference as the reference for the conversion, to eliminate the 
effect of variation. 


Reference 
The reference voltage establishes an NO conversion system's 
accuracy at full scale. At other voltages, the integral nonlinearity 
and reference determine absolute accuracy. References may be 
furnished either externally or internally. 


Resolution 
Resolution of an ADC is the number of states (2") that the ana- 
log input voltage is resolved-or 
divided-into, 
where n is equal 
to the number of bits. 


Right Justified 
Data 
When a 12-bit word is placed on an 8-bit bus in two stages, the 
high byte contains the 4- or 8 most-significant 
bits. If 8, the 
word is said to be left-justified; if 4 (plus filled-in leading sign 
bits), the word is said to be right justified. 


Sampling NO Converter 
A sampling NO converter includes a sample-hold which ac- 
quires the input value at a given instant and holds it throughout 
the conversion (or until the converter is ready for the next data 
point). (See Aperture Time.) 


Sampling Frequency 
The rate at which an ADC can continuously convert analog in- 
puts into digital outputs. 
In successive-approximation 
convert- 
ers, clock frequency and data-transfer 
overhead determine the 
sampling frequency. 


Serial Output 
A bit-serial output consists of a series of bits clocked out on a 
single line. There must be a means of identifying the beginning 
and end of words; this can be furnished via an additional clock 
line, by using synchronized clocks, and/or by providing a consis- 
tent identifying signature for the beginning of a word. Byte 
serial 
consists of a series of bytes transmitted 
in sequence on a bus 
(see Byte). 


Settling Time, 
see also Transient 
Response 
Settling time is a function of the sample-hold's (SHA) ability to 
track fast-slewing signals. This is specified as the maximum time 
required in track mode after a full-scale step input to guarantee 
rated conversion accuracy. 


Short Cycling 
An n-bit successive-approximation 
converter takes at least n 
clock cycles to complete a conversion. Some converters have the 
capability of stopping the conversion at an arbitrary point, thus 
shortening the cycle. Speeding up the conversion by such an 
approach is useful for maximizing information transfer when 
the full n bit accuracy or resolution is not needed for a given 
conversion. 


Sigma-Delta 
Converter 
An AID converter that uses a one-bit or other low-resolution 
quantizer and very high oversampling rate, combined with a 
one-bit or low-resolution DAC in a feedback loop. The digital 
quantizer output is then followed by a low-pass digital filter to 
remove the noise and output an n-bit digital representation 
of 
the input signal. 


Signal-to-Noise 
and Distortion 
(SIN+D) 
Ratio 
S/(N + D) is the logarithmic expression (decibels) of the ratio of 
the rms value of the measured input signal to the rms sum of all 
other spectral components below the Nyquist frequency, includ- 
ing harmonics but excluding de. This is actually the generally 
accepted definition for signal-to-noise ratio (SNR); in this case, 
the "+ D" is intended to emphasize the inclusion of harmonic 
distortion for audio applications. 


Signal-to-Noise 
Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of an 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the RMS sum of all the nonfundamental 
signals up to 
half the sampling frequency (fsAMPLE/2)excluding DC. SNR is 
dependent on the number of levels used in the quantization 
pro- 
cess; the more levels, the smaller the quantization 
noise. The 
theoretical signal-to-noise ratio for a sine wave input is given by: 


SNR = (6.02 N + 1.76) dB 


where N is the number of bits. Thus, for an ideal 14-bit con- 
verter, SNR = 86 dB. 


Slew Rate 
Slew rate is the maximum rate of change allowed at the input 
such that the a digitized recreation of the output will track the 
input without increased error. 


Span 
The full-scale analog input range. Some ADCs have resistor- or 
software-selectable analog input ranges. 


Spurious-Free 
Dynamic Range (SFDR) 
The difference, in dB (log scale) between the rms amplitude of 
the input signal and the peak spurious signal (see Peak Spurious). 


Status Register 
A register indicating current status of the analog-to-digital con- 
version by means of a Busy or Conversion Complete signal. 


Subranging 
High-resolution 
fast conversion using flash converters to per- 


form partial conversions. 
See the FUNCTIONAL 
CHARAC- 
TERISTICS 
section. 


Successive 
Approximation 
Conversion 
A popular conversion method in which an n-bit conversion is 
2 


performed by n successively finer approximations. 
See the 
FUNCTIONAL 
CHARACTERISTICS 
section. 


Successive 
Approximation 
Register (SAR) 
A digital circuit that controls the operation of a successive- 
approximation 
ADC and accumulates the digital output word in 
its register. 


Temperature 
Coefficients 
The temperature 
coefficients for unipolar offset, bipolar zero, 
and gain error specify the maximum change from the initial 
(+25°C) value to the value at TM1Nor TMAx' 


Three-State 
(Output Buffer), see Bus 


Transient 
Response 
The transient response (or settling time) of an ADC is the time 
required for the ADC to settle to rated accuracy after the appli- 
cation of a full-scale step input. 


Transition, 
see Accuracy, 
Relative 


Transition, 
Major; 
see Major Transition 


Undersampling 
Sampling at a rate below Nyquist. 
Ordinarily this results in loss 


of information. 
However, the aliasing it produces can be used to 


translate the sidebands of a high frequency carrier down to a 
lower frequency for detection and demodulation, 
provided that 
the ADC has sufficient analog bandwidth. 


Unipolar 
Mode 
Operation of an ADC with zero-to-full-scale voltage inputs of 
one polarity only. 


Zero- and Gain Adjustment 
Principles 
The zero adjustment of a unipolar ADC is set so that the transi- 
tion from all-bits-off to LSB-on occurs at 1/2 x r" of nominal 
full scale. The gain is set for the fmal transition to all-bits-on to 
occur at FS (1 - [3/2 x r"]). 


The "zero" of an offset-binary bipolar ADC is set so that the 
first transition occurs at - FS (I - 2-") and the last transition 
at FS (I - [3 x r"]). 
The data sheet instructions 
should be 
followed. 


Zero-Code 
Error 
The difference between the ideal 1/2-LSB offset at zero of an 
ADC and the actual value of input required to produce the first 
transition. 


Zero Drift 
The change with temperature 
of analog zero for an ADC operat- 
ing in the unipolar mode. It is generally expressed in ppm of 
FSrC, or LSBs. 
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FEATURES 
Complete AID Converters with Reference and Clock 
AD570: 8 Bit 
AD571: 
10 Bit 
Fast Successive Approximation Conversion - 25",s 
No Missing Codes Over Temperature 
Digital MUltiplexing - 3 State Outputs 
18-Pin Ceramic DIP 
Low Cost Monolithic Construction 
MIL·STD-883 Compliant Versions Available 


PRODUCT 
DESCRIPTIONS 
The AD570/AD571 are successive approximation 
AID converters 


consisting of a DAC, voltage reference, clock, comparator, 
successive approximation 
register and output buffers - all fabri- 
cated on a single chip. No external components are required to 
perform full accuracy conversions in 25fLS. 


The AD570/AD571 incorporate advanced integrated circuit 
design and processing technologies. They employ I2L (integrated 
logic) processing in the fabrication of the SAR function. 
Laser 
trimming of the high stability SiCr thin-film resistor ladder 
network insures high accuracy, which is maintained with a 
temperature 
compensated, 
subsurface Zener reference. 


Operating on supplies of + 5V to + 15V and - 15V, the AD570/ 
AD571 will accept analog inputs of 0 to + 10V, unipolar or 
± 5V bipolar, externally selectable. As the BLANK 
and CON- 
VERT input is driven low, the three-state outputs will be open 
and a conversion will commence. Upon completion of the con- 
version, the DATA READY line will go low and the data will 
appear at the output. 
Pulling the BLANK 
and CONVERT 
high 
blanks the outputs and readies the device for the next 
conversion. 


The devices are available in two versions: the "J" and "K" 
specified for the 0 to + 70°C temperature 
range. The "S" guaran- 


tees the specified accuracy and no missing codes from - 55°C to 
+ 125°C. 


8- and 10- Bit 
Analog-to-Digital 
Converters 


AD570/AD571 * 
I 
• 


PRODUCT 
HIGHLIGHTS 
1. The AD571 is a complete 10-bit AID converter. The AD570 
is an 8-bit version which employs the same architecture. 
No 
external components 
are required to perform a conversion. 


2. The AD570/AD571 are single chip devices employing advanced 
IC processing techniques. 
Thus, the user has at his disposal 
a truly precision component 
with the reliability and low cost 
inherent in monolithic construction. 


3. The converters accept either unipolar (0 to + 10V) or bipolar 


( - 5V to + 5V) analog inputs by simply grounding or opening 
a single pin. 


4. Each device offers the specified accuracy with no missing 
codes over its entire operating temperature 
range. 


5. Operation is guaranteed with -15V 
and + 5V to + 15V 
supplies. The devices will also operate with a -12V 
supply. 


6. The AD570 and AD571 are available in versions compliant 
with MIL-STD-883. 
Refer to the Analog Devices Military 
Products Databook or current /883B data sheet for detailed 
specifications. 


AD570/AD571 
SPECIFICATIONS (TA = +25°C, v+ = +5V, v- = -12Vor 
-15V, all voltages mea- 
l, 
- 
sured with respect to digital common, unless otherwise indicated) 


AD570J 
AD570S 


Model 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unils 


RESOLUTION' 
8 
8 
Bits 


RELATIYEACCURACY 


TmintoTnwc 
%1/2 
%1/2 
LSB 


FULL-SCALE CALIBRATION 
:!:2 
:!:2 
LSB 


UNIPOLAR OFFSET 
%112 
%112 
LSB 


BIPOLAR ZERO 
%1/2 
%112 
LSB 


DIFFERENTIAL 
NONLINEARITY 


Tm.intoTmu: 
8 
8 
Bits 


TEMPERATURE 
RANGE 
0 
+70 
-55 
+125 
·C 


TEMPERATURE 
COEFFICIENTS 


Unipolar Offset 
%1 
%1 
LSB 


Bipolar Offset 
%1 
%1 
LSB 


Full-Scale Calibration 
%2 
%2 
LSB 


POWER SUPPLY REJECTION 


CMOS Positive Supply 


+ 13.5YsY + s + 16.5Y 
- 
- 
- 
- 
- 
- 
LSB 


TTL Positive Supply 


+4.5YsY 
+ s + 5.5Y 
%2 
%2 
LSB 


Negative Supply 


- 16.0YsY - s -13.5Y 
%2 
%2 
LSB 


ANALOG INPUT IMPEDANCE 
3.0 
5.0 
7.0 
3.0 
5.0 
7.0 
kO 


ANALOG INPUT RANGES 
Unipolar 
0 
+10 
0 
+10 
Y 
Bipolar 
-5 
+5 
-5 
+5 
Y 


OUTPUT CODING 
Unipolar 
Positive True Binary 
Positive True Binary 


Bipolar 
Positive True Offset Binary 
Positive True Offset Binary 


LOGIC OUTPUT 
Output Sink Current 


(VOUT = OAYmax, T min [0 T..,..) 
3.2 
3.2 
mA 


Output 
Source Current 


(VOUT= 
2.4V max, TmintoTmaJ 
0.5 
0.5 
mA 


Output Leakage 
%40 
%40 
tAA 


LOGIC INPUTS 


Input Current 
%100 
%100 
Il-A 
Logic "I" 
2.0 
2.0 
Y 
Logic "0" 
0.8 
0.8 
Y 


CONYERSION TIME 
Tmin toTnwc 
15 
25 
40 
15 
25 
40 
Il-S 


POWER SUPPLY 
V+ 
+4.5 
+5.0 
+7.0 
+4.5 
+5.0 
+7.0 
V 
V- 
-12.0 
-IS 
-16.5 
-12.0 
-IS 
-16.5 
V 


OPERATING CURRENT 
V+ 
7 
10 
7 
10 
mA 
V- 
9 
15 
9 
15 
mA 


PACKAGE OPTION", 
Ceramic (0-18) 
ADS70JO 
ADS70S0 


NOTES 
'The A0570 is a selected version of the AD571 10-bit A-to-O converter. Only TTL logic inputs sbould be connected to Pins 1 and 18 
(or no connection 
made) or damage may result. 
'0 
= Ceramic DIP. For outline information see Package Information section. 


'For details on grade and package offerings for SO·grade in accordance with MlL·STD-883, 
refer to Analog Devices Military 
Products databook or current /883B data sbeet. 


Specifications 
subject 
to change 
without 
notice. 


Specifications sbown in boldface are tested on all production units at fina1 
deetrical test. Results from those tests are used to calculate outgoing quality 
levds. All min and mu specifications are guaranteed, although only those 
shown 
in boldface 
arc tested 
on all production 
units. 


AD51lJ 
AD51lK 
AD5llS 
Model 
Min 
Typ 
Mu 
Min 
Typ 
Mu 
Min 
Typ 
Mu 
Ullill 


RESOLUTION 
10 
10 
10 
Bits 


RELATIVE ACCURACY, T" 
:d 
±1I2 
±1 
LSB 


Tmin toTmu. 
±1 
±1I2 
±1 
LSB 


FULL-SCALE CALIBRATION 
",2 
",2 
",2 
LSB 


UNIPOLAR OFFSET 
±1 
±112 
±1 
LSB 


BIPOLAR ZERO 
±1 
±II2 
±1 
LSB 


DIFFERENTIAL 
NONLINEARITY, 
T" 
10 
10 
10 
Bits 


TrnintoTmu 
9 
10 
10 
Bits 


TEMPERATURE 
RANGE 
0 
+70 
0 
+70 
-55 
+125 
"C 


TEMPERATURE 
COEFFICIENTS 
Unipolar Offset 
±2 
±1 
±2 
LSB 
Bipolar Offset 
±2 
±1 
±2 
LSB 
Full-Scale Calibntion 
±4 
±2 
±5 
LSB 


POWER SUPPLY REJECTION 
CMOS Positive Supply 
+ 13.5VsV + s + 16.5V 
- 
- 
- 
±1 
- 
- 
- 
LSB 
TTL Positive Supply 
+4.5VsV 
+ s + 5.5V 
±2 
±1 
±2 
LSB 
Negative Supply 


-16.0VsV 
- s - 13.5V 
±2 
±1 
±2 
LSB 


ANALOG INPUT IMPEDANCE 
3.0 
5.0 
7.0 
3.0 
5.0 
7.0 
3.0 
5.0 
7.0 
Idl 


ANALOG INPUT RANGES 
Unipolar 
0 
+10 
0 
+10 
0 
+10 
V 
Bipolar 
-5 
+5 
-5 
+5 
-5 
+5 
V 


OUTPUT CODING 
Unipolar 
Positive True Binary 
Positive True Binary 
Positive True Binary 
Bipolar 
Positive True Offset Binary 
Positive True Offset Binary 
Positive True Offset Binary 
LOGIC OUTPUT 
Output Sink Current 


(VOUT = OAV max, T min to T",..) 
3.2 
3.2 
3.2 
mA 


Output Source Current I 
(VOUT = 2AV max, T min to T",..) 
0.5 
0.5 
0.5 
mA 
Output Leakage 
±40 
±40 
±40 
",A 


LOGIC INPUTS 
Input Current 
±100 
±100 
±100 
",A 
Logic "I" 
2.0 
2.0 
2.0 
V 


Logic "0" 
0.8 
0.8 
0.8 
V 


CONVERSION TIME 


TmintoTmu 
15 
25 
40 
15 
25 
40 
15 
25 
40 
•... 


POWER SUPPLY 
V+ 
+4.5 
+5.0 
+7.0 
+4.5 
+5.0 
+16.5 
+4.5 
+5.0 
+7.0 
V 


V- 
-12.0 
-15 
-16.5 
-12.0 
-15 
-16.5 
-12.0 
-15 
-16.5 
V 


OPERATING CURRENT 
V+ 
7 
10 
7 
10 
7 
10 
mA 
V- 
9 
15 
9 
15 
9 
15 
mA 


PACKAGE OPTION2" 


Cenmic(D-18) 
AD571JD 
AD571KD 
AD571SD 


• 


NOTES 
'The data output lines have active pull-ups to source 0.5mA. The DATA READY line is open collector with 
a nominal 6kO internal pull-up resistor. 
2D = Ceramic DIP. For outline information see Package Information section. 
'For details on gnde and package offerings for SD-gnde in accordance with MIL-STD-883, 
refer to Analog Devices Military 
Products databook or current /883B data sbeet. 


Specifications 
subject 
to change 
without 
notice. 


Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 


ABSOLUTE 
MAXIMUM 
RATINGS 


V + to Digital Common 
ADS70J, 
S/ADS71J, 
S 
ADS71K 
V - 
to Digital Common 
. . . . . . 
Analog Common to Digital Common 
Analog Input to Analog Common 
Control Inputs 
. 


Digital Outputs 
(Blank Mode) 


Power Dissipation 
. 


.. 
0 to +7V 
. 0 to + 16.SV 
.0 to -16.0V 


.. 
±IV 


±ISV 
OtoV+ 
o to V+ 
800mW 
L 


CIRCUIT 
DESCRIPTION 
The ADS71 is a complete lO-bit AID converter which requires 
no external components 
to provide the complete successive 
approximation 
analog-to-digital 
conversion function. 
The ADS70 
is an 8-bit version. A functional block diagram of the ADS701 
ADS71 is shown below. Upon receipt ofthe CONVERT command, 
the internal 10-bit (ADS71) current output DAC is sequenced 
by the I2L successive approximation 
register (SAR) from its 
most-significant 
bit (MSB) to least-significiant 
bit (LSB) to 
provide an output current which accurately balances the input 
signal current through the SkU input resistor. The comparator 
determines whether the addition of each successively weighted 
bit current causes the DAC current sum to be greater or less 
than the input current. 
If the sum is less, the bit is left on; if 
more, the bit is turned off. After testing all the bits, the SAR 
contains a 10-bit binary code which accurately represents the 
input signal to within 
± 1I2LSB (0.05%). 


Upon completion of the sequences, the SAR sends out a DATA 
READY signal (active low), which also brings the three-state 
buffers out of their "open" 
state, making the bit output lines 
become active high or low, depending 
on the code in the SAR. 
When the BLANK 
and CONVERT 
line is brought high, the 
output buffers again go "open", 
and the SAR is prepared for 
another conversion cycle. Details of the timing are given further 
on. 


The temperature 
compensated 
buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. 
The bipolar offset 
input controls a switch which allows a positive bipolar offset 
current to be injected into the summing ( + ) node of the comparator 
to offset the DAC output. 
The nominal 0 to + 10V unipolar 
input range now becomes a - SV to + SV range. The SkU thin- 
film input resistor is trimmed so that with a full-scale input 
signal, an input current will be generated which exactly matches 
the DAC output with all bits on. (The input resistor is trimmed 
slightly low to facilitate user trimming, 
as discussed on the next 
page.) 


POWER SUPPLY 
SELECTION 
The ADS70/ADS71 
are designed for optimum performance 
using a + SV and - ISV supply, for which the J and S grades 


are specified. ADS71K will also operate with up to a + ISV 
supply, which allows direct interface to CMOS logic. 


CONNECTING 
THE AD570/AD571 
FOR STANDARD 
OPERATION 
The ADS70/ADS71 
contain all the active components 
required 
to perform a complete AID conversion. Thus, for most situations, 
all that is necessary is connection of the power supply ( + 5 and 
- IS), the analog input, and the conversion start pulse. The 
functional pin outs are shown below. 


FULL·SCALE 
CALIBRATION 
The SkO thin·film input resistor is laser trimmed to produce a 
current which matches the full-scale current of the internal 
DAC when a full-scale analog input voltage of 10 volts - ILSB 
is applied at the input. The input resistor is trimmed in this 
way so that if a fme-trimming 
potentiometer 
is inserted in series 
with the input signal, the input current at the full-scale input 
voltage can be trimmed down to match the DAC full-scale current 
as precisely as desired. However, for many applications the 
nominal 9.990 (9.961 for the ADS70) volt full scale can be achieved 
to sufficient accuracy by simply inserting a ISO resistor in series 
with the analog input to Pin 13. Typical full·scale calibration 
error will then be about 
± 2LSB. If the more precise calibration 
is desired, a trimmer should be used instead. A son potentiometer 
should be used with the ADS71 and a 2000 with the ADS70. 
Set the analog input at full scale and set the trimmer so that the 
output code is just at the transition between 1111111110 and 
1111111111. Each LSB will then have a weight of JOV/2N 
(where 
N = number of bits). 


BIPOLAR 
OPERATION 
The standard unipolar 0 to + JOV range is obtained by shorting 
the bipolar offset control pin to digital common. If the pin is 
left open, the bipolar offset current will be switched into the 
comparator 
summing node, giving a - SV to + SV range with 
an offset binary code. The bipolar offset control input is not 
directly TTL 
compatible, 
but a TTL interface for logic control 
can be constructed 
as shown in Figure I. 


Aw 


AcoM 
AD571 


BIPOLAR 
OFFSET 
CONTROL 


Figure 
1. Bipolar 
Offset Controlled 
by Logic 
Gate 


Gate Output 
= 1 Unipolar 
0 - 
10V Input 
Range 
Gate Output 
= 0 Bipolar 
±5V Input 
Range 


COMMON·MODE 
RANGE 
The ADS70/ADS71 provide separate analog and digital common 
connections. 
The circuit will operate properly with as much as 
± 200mV of common-mode 
range between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog return. 


In normal operation the analog common terminal may generate 
transient currents of up to 2mA during a conversion. In addition, 
a static current of about 2mA will flow into analog common in 
the unipolar mode after a conversion is complete. An additional 
lmA will flow in during a blank interval with zero analog input. 
The analog eommon current will be modulated by the variations 
in input signal. 


The absolute maximum voltage rating between the two commons 
is ± I volt. We recommend 
the connection of a parallel pair of 


back-to-back 
protection diodes between the commons if they are 
not connected locally. 


ZERO OFFSET 
The apparent zero point of the ADS70/ADS71 can be adjusted 
by inserting an offset voltage between the analog common of the 
device and the actual signal return or signal common. Figure 2 
illustrates two methods of providing this offset for the ADS71. 
Figure 2a shows how the converter zero may be offset by up to 
± 3 bits to correct the device initial offset and/or input signal 
offsets. As shown, the circuit gives approximately 
symmetrical 
adjustment 
in unipolar mode. In bipolar mode R2 should be 


omitted to obtain a symmetrical range. 
• 


AD5701 
AD571 


AcoM 


RESISTOR VALUES 
AD570 
A0572 
Rl 
39U 
lOB 
R2 
lOll 
2.7U 


% BIT ZERO OFFSET 


Figure 3 shows the nominal transfer curve near zero for an 
ADS71 in unipolar mode. The code transitions 
are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transitions so that they fall between the nominal 
bit weights, as shown in the offset characteristics. 
This offset 
can easily be accomplished 
as shown in Figure 2b. At balance 


OUTPUT 
CODe 
ס0ooooo100 


ס oס ooooooo 
ov 
lOmV 
30mV 
50mV 
INPUT VOLTAGE 


NOMINAL 
CHARACTERISTICS 
REFERRED TO ANALOG 
COMMON 


OV 10mV 
JOmV 
50mV 
INPUT VOL lAGE 


OFFSET CHARACTERISTICS 
WITH 
2.7,0: IN SERIES WITH ANALOG 
COMMON 


Figure 3. A0571 
Transfer 
Curve - Unipolar 
Operation 
(Approximate 
Bit Weights 
Shown 
for ///ustration, 
Nominal 
Bit Weights-9.755mV) 


(after a conversion) approximately 
2mA flows into the analog 
common terminal. 
A 2.70 resistor in series with this terminal 
will result in approximately 
the desired 112bit offset of the 
transfer characteristics. 
The nominal2mA 
analog common current 
is not closely controlled in manufacture. 
If high accuracy is 
required, 
a SO potentiometer 
(connected as a rheostat) can be 
used as Rl. Additional negative offset range may be obtained by 
using larger values of Rl. Of course, if the zero transition point 
is changed, the full-scale transition point will also move. Thus, 
if an offset of 112LSB is introduced, 
full-scale trimming as pre- 
viously described should be done with an analog input of 9.985 
volts. 


NOTE: 
During a conversion transient currents from the analog 
common terminal will disturb the offset voltage. Capacitive 


decoupling will "pump up" and fail to settle resulting in conversion 
errors. Power supply decoupling, 
which returns to analog signal 
common, should go to the signal input side of the resistive 
offset network. 


BIPOLAR 
CONNECTION 
To obtain the bipolar 
- SV to + SV range with an offset binary 
output code the bipolar offset control pin is left open. 


A - 5.0 volt signal will give a 10-bit code of 00000000 00; an 
input of 0.00 volts results in an output code of 10000000 00 and 
+4.99 volts at the input yields the 11111111 II code. The 
nominal transfer curve for the ADS7l is shown in Figure 4. 
The MSB transition for both the ADS70 and the ADS71 occurs 
at a -4.88mV 
input. 


INPUT 
VOLTAGE 
- 
mV 


Figure 4. AD571 
Transfer 
Curve - Bipolar 
Operation 


CONTROL 
AND TIMING 
OF THE ADS70/ADS71 


There are several important 
timing and control features on the 


ADS70/ADS71 
which must be understood 
precisely to allow 


optimal interfacing to microprocessor 
or other types of control 
systems. All of these features are shown in the timing diagram 
in Figure s. 


The normal standby situation is shown at the left end of the 
drawing. The BLANK 
and CONVERT 
(B & C) line is held 
high, the output lines will be "open", 
and the DATA READY 


(DR) line will be high. This mode is the lowest power state of 
the device (typically ISOmW). When the (B & C) line is brought 
low, the conversion cycle is initiated; but the DR and data lines 
do not change state. When the conversion cycle is complete 
(typically 2SfJ.s), the DR line goes low, and within SOOns,the 


•..••..•.., •.•••..•.• __,.....•.••.••.•.••.•.•..•.•.••.~ 
'""""••••••.•.•.•.••..•. 
" 
"6Q..u ..1 
U.l.VU5J..ll 
.IUOII, 
tile 
U.I' 
will go high and the data lines will go open. When the B & C 
line is again brought low, a new conversion will begin. The 
minimum 
pulse width for the B & C line to blank previous data 
and start a new conversion is 2fJ.s. If the the B & C line is brought 
high during a conversion, 
the conversion will stop, and the DR 
and data lines will not change. If a 2fJ.sor longer pulse is applied 
to the B & C line during a conversion, 
the converter will clear 
and start a new conversion cycle. 


CONTROL 
MODES 
WITH 
BLANK 
AND CONVERT 
The timing sequence of the ADS70/ADS71 
discussed above 
allows the devices to be easily operated in a variety of systems 
with differing control modes. The two most common control 
modes, the convert pulse mode and the multiplex mode, are 
illustrated 
here. 


Convert Pulse Mode - In this mode, data is present at the output 
of the converter at all times except when conversion is taking 
place. Figure 6 illustrates the timing of this mode. The BLANK 
and CONVERT 
line is normally low and conversions are triggered 
by a positive pulse. 


CONVERT 
PULSE 
•• 0 ~_.-/ 
_ 


CONVERT 
____ 
rl~'_NT_E_R_V_AL 
_ 


Figure 
6. Convert 
Pulse Mode 


Multiplex Mode - In this mode the outputs are blanked except 
when the device is selected for conversion and readout; this 
timing is shown in Figure 7. 


~ 
CONVERSION 
B&C 
~STARTS 


CONVERSION 
ENDS 
U'==ENDDATA 
READOUT 


,... 
READ OUT DATA 


~BlANKtIx% 
$W.·LA·N·K~ 
DATA 
lC)P.,Etll 
JO!~NJ 


This operating mode allows multiple converters to drive common 
data lines. All BLANK 
and CONVERT 
lines are held high to 


keep the outputs blanked. A single ADS7l is selected, its BLANK 
and CONVERT 
line is driven low and at the end of conversion, 


which is indicated by DATA READY going low, the conversion 
result will be present at the outputs. 
When this data has been 
read from the lO-bit bus, BLANK 
and CONVERT 
is restored 
to the blank mode to clear the data bus for other converters. 
When several converters are multiplexed in sequence, a new 
conversion may be started in one ADS70/ADS7l 
while data is 


being read from another. As long as the data is read and the 
first ADS70/ADS7l 
is cleared within lSfJ.s after the start of 


conversion of the second ADS 701ADS 71, no data overlap will 
occur. 


~ANALOG 
WDEVICES 


I 


FEATURES 
PERFORMANCE 
True 12-Bit Operation: Max Nonlinearity 
<±0.012% 
Low Gain T.C.: < ±15 ppm/oC (AD572B) 
Low Power: 900 mW 
Fast Conversion Time: < 25 "'S 
Monotonic Feedback DAC Guarantees No Missing 
Codes 


VERSATILITY 
Aerospace Temperature Range: 
-55°C to +125°C (AD572S) 
Positive-True Serial or Parallel Logic Outputs 
Short-Cycle Capability 


VALUE 
Precision +10 V Reference for External Application 
Internal Buffer Amplifier 
High Reliability Package 


GENERAL 
DESCRIPTION 
The AD572 is a complete l2-bit successive approximation 
analog-to-digital converter that includes an internal clock, refer- 
ence, comparator, 
and buffer amplifier. Its hybrid IC design 
utilizes MSI digital and linear monolithic chips and active laser 
trimming of high-stability thin-film resistors to provide superior 
performance, 
flexibility and ease of use, combined with IC size, 


price, and reliability. 


Important 
performance characteristics of the ADS72 include a 
maximum linearity error at 25°C of ±0.012%, gain T.C. below 
15 ppmfOC, typical power dissipation of 900 mW, and conver- 
sion time of less than 25 fJoS. Of considerable significance in 
aerospace applications is the guaranteed performance from 
-55°C to + 125°C of the AD572S. Monotonic operation of the 
feedback Df A converter guarantees no missing output codes 
over temperature 
ranges of O°Cto +70°C, -25°C to +85°C, and 
-55°C to + 125°C. 


The design of the AD572 includes scaling resistors that provide 
analog input signal ranges of ±2.5, 
±5.0, 
± 10,0 to +5, or 0 to 
+ 10 volts. Adding flexibility and value are the + 10 V precision 
reference, which also can be used for extern"al applications, and 


12-Bit Successive Approximation 
Integrated Circuit AID Converter 


AD572* 
I 
• 


the input buffer amplifier. All digital signals are fully TTL com- 
patible, and the data output is positive-true and available in ei- 
ther serial or parallel form. 


The AD572 is available in three versions with differing guaran- 
teed performance characteristics and operating temperature 
ranges; the "A" and "B" are specified from - 25°C to + 85°C, 
and the "s" from - 55°C to + 125°C. 


PRODUCT 
DESCRIPTION 
The AD572 functional diagram and pinout are shown above. 
The device consists of the following monolithic bipolar circuit 
elements: 


1. Twelve-bit successive-approximation 
register 


2. Twelve-bit DAC 


3. Low-drift comparator 


4. Temperature-compensated 
precision + 10 V reference 


5. High-impedance 
buffer follower 


6. Gated clock and digital control circuits 


Specification 
Max 
Max 
Guaranteed 
Temp Range 
Package 
Model 
Temp Range 
Gain TC 
Reference 
TC 
No Missing Codes 
Option* 


AD572AD 
- 25°C to + 8YC 
±30 ppmfOC 
±20 ppml°C 
O°Cto +70°C 
DH-32C 


AD572BD 
- 25°C to + 85°C 
±15 ppmfOC 
±10 ppmfOC 
-25°C to +85°C 
DH-32C 


AD572SD 
- 55°C to + 125°C 
±15 ppmfOC (-25°C 
to +85°C) 
±20 ppm/°C 
- 55°C to + 125°C 
DH-32C 


±25 ppml°C (-55°C 
to + 125°C) 


AD572SDf883B 
Meets all specifications after processing to the requirements 
of MIL-STD-883, 
Method 5008, Class B. 


Refer to Analog Devices Military Databook for details. 


*Protected by U.S. Patent Nos. 3,961.326: 3,803,590: and 3,747,088. 
This is an abridged version of the data sheet. To obtain a complete data 
sheet, contact your nearest sales office. 


AD572 - 
SPECIFICATIONS 


Model 
ADS72AD 
ADS72BD 
ADS72SD 


RESOLUTION 
12 Bits 
· 
· 
ANALOG INPUTS 


Voltage Ranges 


Bipolar 
±2.S, ±S.O, ± 10.0 V 
· 
· 
Unipolar 
o to +S, 0 to + 10 V 
· 
· 
Impedance (Direct Input) 


o to +5 V, ±2.S V 
2.5 kfi 
· 
· 
Oto +IOV, 
±SV 
S.Okn 
· 
· 
±1O V 
10kfi 
· 
· 
Buffer Amplifier 
Impedance (min) 
looMfi 
· 
· 
Bias Current 
SOnA 
· 
· 
Settling Time 
to 0.01% of FSR for 20 V Step 
2 JLS 
· 
· 
DIGITAL INPUTS 
Conven Command 
Note 1 
· 
· 
Logic Loading 
1 TTL Load 
· 
· 
TRANSFER CHARACTERISTICS 
Gain Error (Note 2) 
±O.OS%FSR (Adj to Zero) 
· 
· 
Unipolar Offset Error 
±O.OS%FSR (Adj to Zero) 
· 
· 
Bipolar Offset Error 
±O.I% FSR (Adj to Zero) 
· 
· 
Linearity Error (max) 
±0.012% FSR 
· 
· 
Inherent Quantization Error 
±1I2 LSB 
· 
· 
Differential Linearity Error 
±1/2 LSB 
· 
· 
No Missing Codes 
Guaranteed: O·Cto + 70·C 
Guaranteed: - 25"<:to + 8S·C 
Guaranteed: -SS·C to + 125"<: 
Power Supply Sensitivity 
±15V 
±0.002% FSRJ%AVs 
· 
· 
±SV 
±0.001% FSRI'IoAVs 
· 
· 
TEMPERATURE 
COEFFICIENTS 
Gain (max) 
± 30 ppmrc 
(- 2S·C to + 8S·C) 
±IS ppmrc 
(-2S·C to +85"<:) 
±IS ppmI"C (-2S"<: to +85"<:) 
±2S ppmrC(-SSOC 
to +12S·C) 


Unipolar Offset 
± 3 ppm FSRt'C 
± 5 ppm FSRt'C (max) 
.. 


Bipolar Offset (max) 
± 15 ppm FSRt'C 
± 7 ppm FSRt'C 
.. 
Linearity 
± 3 ppm FSRI"C 
±2 ppm FSRI"C 
.. 


CONVERSION TIME (max) 
25 JLS 
· 
· 
DIGITAL OUTPUTS (All Codes Positive-True) 


Parallel Data 
Unipolar Code 
Binary 
· 
· 
Bipolar Code 
Offset Binaryffwos 
Complement 
· 
· 
Output Drive 
2 TTL Loads 
· 
· 
Serial Data (NRZ format) 


Unipolar Code 
Binary 
· 
· 
Bipolar Code 
Offset Binary 
· 
· 
Output Drive 
2 TTL Loads 
· 
· 
Status 
Logic "1n during Conversion 
· 
· 
Status 
Logic "0" during Conversion 
· 
· 
Output Drive 
2 TTL Loads 
· 
· 
Internal Clock 
Output Drive 
2 TTL Loads 
· 
· 
Frequency 
500 kHz 
· 
· 
INTERNAL 
REFERENCE VOLTAGE 
+ 10.00 V, ± 10 mV typ 
· 
· 
Max External Currenr 
±lmA 
· 
· 
Voltage Temperature Coefficient (max) 
±20 ppmI"C 
±1O ppmI"C 
· 
POWER REQUIREMENTS 
Supply Voltages/Currents 
+15 V, ±5'10@ +25 mA (40 max) · 
· 
-IS V, ±S% @ -20 mA (35 max) · 
· 
+5 V, ±S% @ +80 mA (150 max) · 
· 
Total Power Dissipation 
925 mW 
· 
· 
TEMPERATURE 
RANGE 
Specification 
- 2S·C to + 85"<: 
· 
-SS"<: to + 12S·C 
Operating 
- SS·Cto + 12S·C 
· 
· 
Storage 
-SS·C to + ISO·C 
· 
· 


NOTES 
'Same specification as ADS72AD. 
**Same 
specifications 
as AD572BD. 


Note 
1 Positive 
pulse 
200 os wide (miD). 
Leading 
edge ("0" to "1") resets 
registers. 
Trailing 
edge ("I" 
to "0") initiates 
conversion. 
Note 2 With SOfi. 1% fIXedresistor in place of Gain Adjust pot. 


Specifications subject to change without notice. 
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FEATURES 
Complete 10-Bit AID Converter with Reference. Clock 
and Comparator 
Full 8- or 16-Bit Microprocessor Bus Interface 
Fast Successive Approximation Conversion - 20",s 
typ 
No Missing Codes Over Temperature 
Operates on + 5V and -12V 
to -15V 
Supplies 
Low Cost Monolithic Construction 


PRODUCT 
DESCRIPTION 
The ADS73 is a complete 10-bit successive approximation 
analog 
to digital converter consisting of a DAC, voltage reference, 
clock, comparator, 
successive approximation 
register (SAR) and 
3 state output buffers-all 
fabricated on a single chip. No external 


components are required to perform a full accuracy 10-bit con- 
version in 20fJos. 


The ADS73 incorporates advanced integrated circuit design and 
processing technologies. The successive approximation 
function 
is implemented 
with I2L (integrated injection logic). Laser trim- 
ming of the high stability SiCr thin film resistor ladder network 
insures high accuracy, which is maintained with a temperature 
compensated 
sub-surface Zener reference. 


Operating on supplies of + SV and -12V 
to -ISV, 
the ADS73 
will accept analog inputs of 0 to + IOV or - SV to + SV. The 
trailing edge of a positive pulse on the CONVERT 
line initiates 


the 20fJosconversion cycle. DATA READY indicates completion 
of the conversion. HIGH BYTE ENABLE (HBE) and LOW 
BYTE ENABLE (LBE) control the 8-bit and 2-bit three state 
output buffers. 


The ADS73 is available in two versions for the 0 to + 70°C 
temperature 
range, the ADS73J and ADS73K. The ADS73S 
guarantees 
± ILSB relative accuracy and no missing codes from 
- SsoC to + 12SoC. 


Three package configurations 
are offered. All versions are offered 


in a 20-pin hermetically sealed ceramic DIP. The ADS73J and 
ADS73K are also available in a 20-pin plastic DIP or 20-pin 
leaded chip carrier. 
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PRODUCT HIGHLIGHTS 
I. The ADS73 is a complete 10-bit AID converter. 
No external 
components are required to perform a conversion. 


2. The ADS73 interfaces to many popular microprocessors 


without external buffers or peripheral interface adapters. 
The 


10 bits of output data can be read as a 10-bit word or as 8- 
and 2-bit words. 


3. The device offers true IO-bit accuracy and exhibits no missing 
codes over its entire operating temperature 
range. 


4. The ADS73 adapts to either unipolar (0 to + 10V) or bipolar 


( - SV to + SV) analog inputs by simply grounding or opening 
a single pin. 


S. Performance is guaranteed with + SV and - 12V or - ISV 
supplies. 


6. The ADS73 is available in a version compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current /883B datasheet for detailed specifications. 


AD573 - 
SPECIFICATIONS 


(fA = 25V,V+ = +5V, V- = -12V or -15V, all voltages measured with respect 
to digital common, unless otherwise indicated.) 


AD573J 
AD573K 
AD573S 


Model 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
10 
10 
10 
Bits 


RELATIVE 
ACCURACY' 
±1 
±112 
±I 
LSB 


TA 
= TminlOTmu 
±I 
±112 
±I 
LSB 


FULL 
SCALE 
CALIBRATION' 
:!:2 
:!:2 
±2 
LSB 


UNIPOLAR 
OFFSET 
:!:1 
j: 1/2 
±I 
LSB 


BIPOLAR 
OFFSET 
±1 
±112 
±I 
LSB 


DIFFERENTIAL 
NONLINEARITY' 
10 
10 
10 
Bits 


TA = TminlOTmu 
9 
10 
10 
Bits 


TEMPERATURE 
RANGE 
0 
+70 
0 
+70 
- 55 
+ 125 


"C 


TEMPERATURE 
COEFFICIENTS' 


Unipolar 
Offset 
±2 
±I 
±2 
LSB 
Bipolar Offset 
±2 
±1 
±2 
LSB 
Full Scale Calibration2 
±4 
±2 
±5 
LSB 


POWER 
SUPPLY 
REJECTION 
Positive 
Supply 


+4.5sV+s+5.5V 
±2 
±I 
±2 
LSB 
Negative 
Supply 
-15.75VsV 
- s -14.25V 
±2 
:!:I 
±2 
LSB 
-12.6VsV 
- s - l1.4V 
±2 
±I 
±2 
LSB 


ANALOG 
INPUT 
IMPEDANCE 
3.0 
5.0 
7.0 
3.0 
5.0 
7.0 
3.0 
5.0 
7.0 
kll 


ANALOG 
INPUT 
RANGES 
Unipolar 
0 
+ 10 
0 
+10 
0 
+ 10 
V 
Bipolar 
-5 
+5 
-5 
+5 
-5 
+5 
V 


OUTPUT 
CODING 
Unipolar 
Positive 
True 
Binary 
Positive 
True Binary 
Positive 
True Binary 
Bipolar 
Positive 
True 
Offset Binary 
Positive 
True Offset Binary 
Positive 
True Offset Binary 


LOGIC 
OUTPUT 
Output 
Sink Current 


(VOUT=O.4Vmax, 
Tmin 10 Tma.) 
3.2 
3.2 
3.2 
mA 
Output 
Source Current5 


(VouT=2.4Vmin, 
Tmin 10Tnu.s) 
0.5 
0.5 
0.5 
mA 
Output 
Leakage 
±40 
±40 
±40 
fLA 


LOGIC 
INPUTS 
Input 
Current 
±lOO 
±lOO 
±100 
fLA 
Logic"l" 
2.0 
2.0 
2.0 
V 
Logic "0" 
0.8 
0.8 
0.8 
V 


CONVERSION 
TIME 


TA = TminlOTmu 
10 
20 
30 
10 
20 
30 
10 
20 
30 
fL' 


POWER 
SUPPLY 
V+ 
+4.5 
+5.0 
+7.0 
+4.5 
+5.0 
+7.0 
+4.5 
+5.0 
+7.0 
V 
V- 
-11.4 
-15 
-16.5 
+11.4 
-15 
-16.5 
-11.4 
-15 
-16.5 
V 


OPERATING 
CURRENT 
V+ 
15 
20 
15 
20 
15 
20 
mA 
V- 
9 
15 
9 
15 
9 
15 
mA 


NOTES 
'Relative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a 
straight 
line from the zero to the full scale of the device. 


2Full-scale calibration 
is guaranteed 
trimmable 
to zero with an external 
son 
potentiometer 
in place of the Isn 
fixed resistor. 
Full scale is defined 
as 10 volts minus 
ILSB. 
or 9.990 volts. 


3Defined as the resolution 
for which no missing codes will occur. 


·Change 
from 
+2SoC value from 
+2SoC to Tmin 
or Tmax• 


5The data output 
lines have active pull-ups 
to source O.SmA. The DATA 
READY 
line is open collector 
with 


a nominal 
6kn 
internal 
pull-up 
resistor. 


Specifications 
subject 
to change without 
notice. 


Specifications 
shown in boldface are tested on all production 
units at final 


electrical test. Results 
from those tests are used to calculate 
outgoing 
quality 
levels. AU min and max specifications 
are guaranteed. 
although 
only those 


shown in boldface 
are tested on all production 
units. 


v + ro Digital Common 
. . . . . . . 
V - 
to Digital Common 
. . . . . . . 


Analog Common to Digital Common 
Analog Input to Analog Common 
. . 


Control Inputs 
. . . . . . . . . . . . 


Digital Outputs (High Impedance 
State) 


Power Dissipation 
. . . . . . . . . . . 


o to +7V 
o to -16.5V 


:!:IV 


:!: 15V 
o to V+ 
o to V+ 
800mW 
• 
Temperature 
Relative 
Model 
Package Option2 
Range 
Accuracy 


AD573JN 
20-Pin Plastic DIP (N-20) 
Oro + 70°C 
:!: ILSBmax 
AD573KN 
20-Pin Plastic DIP (N-20) 
Oto + 70°C 
:!: 1I2LSBmax 
AD573JP 
20-Pin Leaded Chip Carrier (P-20A) 
Oto + 70°C 
:!: ILSBmax 
AD573KP 
20-Pin Leaded Chip Carrier (P-20A) 
Oto + 70°C 
:!: 1I2LSBmax 
AD573JD 
20-Pin Ceramic DIP (D-20) 
Oro + 70°C 
:!: ILSBmax 


AD573KD 
20-Pin Ceramic DIP (D-20) 
Oto + 70°C 
:!: 1I2LSBmax 
AD573SD 
20-Pin Ceramic DIP (D-20) 
- 55°Cro + 125°C 
:!: ILSBmax 


NOTES 
IFor details on grade and package offerings screened in accordance with MIL-STD-883, refer to Analog Devices 
Military Products Databook. 
20 = CeramicDIP;N = PlasticDIP;P = Plastic 
Leaded 
Chip Carrier. 
For outline 
information 
see Package 
Information section. 


FUNCTIONAL 
DESCRIPTION 
A block diagram of the ADs73 is shown in Figure 1. The positive 
CONVERT 
pulse must be at least sOOnswide. DR goes high 
within 1.s•.•.s after the leading edge of the convert pulse indicating 
that the internal logic has been reset. The negative edge of the 
CONVERT 
pulse initiates the conversion. The internal 10-bit 


current output DAC is sequenced by the integrated injection 
logic (I2L) successive approximation 
register (SAR) from its 
most significant bit to least significant bit to provide an output 
current which accurately balances the input signal current through 
the skO resistor. The comparator determines whether the addition 
of each successively weighted bit current causes the DAC current 
sum to be greater or less than the input current; if the sum is 
more, the bit is turned off. After testing all bits, the SAR contains 
a lO-bit binary code which accurately represents the input signal 
to within Y2LSB(0.05% of full scale). 


The SAR drives DR low to indicate that the conversion is complete 
and that the data is available to the output buffers. HBE and 
LBE can then be activated to enable the upper 8-bit and lower 
2-bit buffers as desired. HBE and LBE should be brought high 
prior to the next conversion to place the output buffers in the 
high impedance state. 


r--, 
I 
INT 
I 


: ClOCK l 
L.. __ 
..J 


The temperature 
compensated 
buried Zener reference provides 
the primary voltage reference to the DAC and ensures excellent 
stability with both time and temperature. 
The bipolar offset 
input controls a switch which allows the positive bipolar offset 
current (exactly equal to the value of the MSB less 'hLSB) to be 
injected into the summing ( + ) node of the comparator to offset 
the DAC output. 
Thus the nominal 0 to + 10V unipolar input 
range becomes a - sV to + sV range. The skO thin f1lm input 
resistor is trimmed so that with a full scale input signal, an 
input current will be generated which exactly matches the DAC 
output with all bits on. 


UNIPOLAR 
CONNECTION 
The ADs73 contains all the active components required to 
perform a complete AID conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies ( + SV 
and - 12V to - IsV), the analog input and the convert pulse. 
However, there are some features and special connections which 
should be considered for achieving optimum performance. 
The 


functional pin-out is shown in Figure 2. 


The standard unipolar 0 to + IOV range is obtained by shorting 
the bipolar offset control pin (pin 16) to digital common 
(pin 17). 


Figure 2. AD573 Pin Connections 


Full Scale Calibration 
The skO thin f1lm input resistor is laser trimmed to produce a 
current which matches the full scale current of the internal 
DAC-plus 
about O.3%-when an analog input voltage of 9.990 
volts (10 volts - ILSB) is applied at the input. The input resistor 
is trimmed in this way so that if a fme trimming potentiometer 
is inserted in series with the input signal, the input current at 
the full scale input voltage can be trimmed down to match the 
DAC full scale current as precisely as desired. However, for 
many applications the nominal 9.99 volt full scale can be achieved 
to sufficient accuracy by simply inserting a ISO resistor in series 
with the analog input to pin 14. Typical full scale calibration 
error will then be within 
±2LSB 
or ±0.2%. 
If more precise 
calibration is desired, a 500 trimmer should be used instead. 
Set the analog input at 9.990 volts, and set the trimmer so that 
the output code is just at the transition between 11111111 10 
and 11111111 II. Each LSB will then have a weight of 9.766mV. 
If a nominal full scale of 10.24 volts is desired (which makes the 
LSB have a weight of exactly 10.OOmY), a 1000 resistor and a 
1000 trimmer (or a 2000 trimmer with good resolution) should 
be used. Of course, larger full scale ranges can be arranged by 
using a larger input resistor, but linearity and full scale temperature 
coefficient may be compromised 
if the external resistor becomes 
a sizeable percentage of skO. Figure 3 illustrates the connections 
required for full scale calibration. 


Figure 3. Standard AD573 Connections 


Unipolar 
Offset Calibration 
Since the Unipolar Offset is less than ± 1LSB for all versions of 
the ADs73, most applications will not require trimming. 
Figure 
4 illustrates two trimming methods which can be used if greater 
accuracy is necessary. 


Figure 4a shows how the converter zero may be offset by up to 
±3 bits to correct the device initial offset and/or input signal 
offsets. As shown, the circuit gives approximately 
symmetrical 
adjustment 
in unipolar mode. 


AD573 


Acooo 


+15V 
-15V 


ZERO OFFSET ADJ 
:!:3 BIT RANGE 


Figure 4a. 
Figure 4b. 


Figure 4. Offset Trims 


Figure 5 shows the nominal transfer curve near zero for an 
AD573 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transitions so that they fall between the nominal 
bit weights, as shown in the offset characteristics. 
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Figure 5. AD573 Transfer Curve - Unipolar Operation 
(Approximate Bit Weights Shown for Illustration, Nominal 
Bit Weights - 9.766mVj 


This offset can easily be accomplished as shown in Figure 4b. 
At balance (after a conversion) approximately 2mA flows into 
the Analog Common terminal. A 2.711 resistor in series with 
this terminal will result in approximately 
the desired Yzbit 
offset of the transfer characteristics. 
The nominal 2mA Analog 
Common current is not closely controlled in manufacture. 
If 
high accuracy is required, a 511potentiometer 
(connected as a 
rheostat) can be used as Rl. Additional negative offset range 
may be obtained by using larger values of Rl. Of course, if the 
zero transition point is changed, the full scale transition point 
will also move. Thus, if an offset of YzLSBis introduced, 
full 
scale trimming as described on the previous page should be 
done with an analog input of 9.985 volts. 


NOTE: 
During a conversion, transient currents from the Analog 
Common terminal will disturb the offset voltage. Capacitive 
decoupling should not be used around the offset network. These 
transients will settle appropriately during a conversion. Capacitive 


Applying the AD573 


decoupling will "pump up" and fail to settle resulting in conversion 
errors. Power supply decoupling, which returns to analog signal 
common, should go to the signal input side of the resistive 
offset network. 


BIPOLAR CONNECTION 
To obtain the bipolar - 5V to + SV range with an offset binary 
output code, the bipolar offset control pin is left open. 


A - 5.000 volt signal will give a l()"bit code of 0ס0ooooo 00; an 
input of 0.000 volts results in an output code of 1ס0ooooo 00 
and +4.99 volts at the input yields the 11111111 11 code. The 
nominal transfer curve is shown in Figure 6. • 


Figure 6. AD573 Transfer Curve - Bipolar Operation 


Note that in the bipolar mode, the code transitions are offset 
YzLSBsuch that an input voltage of 0 volts ± 5mV yields the 
code representing zero (1000ooo0 00). Each output code is then 
centered on its nominal input voltage . 


Full Scale Calibration 
Full Scale Calibration is accomplished in the same manner as in 
Unipolar operation except the full scale input voltage is +4.985 
volts. 


Negative Full Scale Calibration 
The circuit in Figure 4a can also be used in Bipolar operation to 
offset the input voltage (nominally - 5V) which results in the 
0ס0ooooo 00 code. R2 should be omitted to obtain a symmetrical 
range . 


The bipolar offset control input is not directly TTL compatible 
but a TTL interface for logic control can be constructed 
as 


shown in Figure 7. 


-16V 
Figure 7. Bipolar Offset Controlled by Logic Gate 
Gate Output = 1 Unipolar 0 - 10VInput Range 
Gate Output = 0 
Bipolar ±5V Input Range 


SAMPLE-HOLD 
AMPLIFIER 
CONNECTION 
TO THE 
AD573 
Many situations in high-speed acquisition systems or digitizing 
rapidly changing signals require a sample-hold amplifier (SUA) 
in front of the A-D converter. The SHA can acquire and hold a 


signal faster than the converter can perform a conversion. A 
SHA can also be used to accurately define the exact point in 
time at which the signal is sampled. For the AD573, a SHA can 
also serve as a high input impedance buffer. 


Figure 8 shows the AD573 connected to the AD582 monolithic 
SHA for high speed signal acquisition. In this configuration, 
the 
AD582 will acquire a 10 volt signal in less than 10fLSwith a 
droop rate less than 100fLV/ms. 


DATA READY 
ill 


HBE 


DR goes high after the conversion is initiated to indicate that 
reset of the SAR is complete. In Figure 8 it is also used to put 
the AD582 into the hold mode while the AD573 begins its 
conversion cycle. (The AD582 settles to fmal value well in advance 
of the first comparator decision inside the AD573). 


DR goes low when the conversion is complete placing the AD582 
back in the sample mode. Configured as shown in Figure 8, the 
next conversion can be initiated after a 10fLSdelay to allow for 
signal acquisition by the AD582. 


Observe carefully the ground, supply, and bypass capacitor 
connections between the two devices. This will minimize ground 
noise and interference during the conversion cycle. 


GROUNDING 
CONSIDERATIONS 
The AD573 provides separate Analog and Digital Common 
connections. 
The circuit will operate properly with as much as 
± 200m V of common mode voltage between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog returns. 


In normal operation, 
the Analog Common terminal may generate 
transient 
currents of up to 2mA during a conversion. In addition 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 


The absolute maximum voltage rating between the two commons 
is ± I volt. It is recommended 
that a parallel pair of back-to-back 
protection 
diodes be connected between the commons if they 
are not connected locally. 


CONTROL 
AND TIMING 
OF THE AD573 
The operation of the AD573 is controlled by three inputs: CON- 
VERT, 
HBE and LBE. 


Starting 
a Conversion 
The conversion cycle is initiated by a positive-going CONVERT 
pulse at least 500ns wide. The rising edge of this pulse resets 
the internal logic, clears the result of the previous conversion, 
and sets DR high. The falling edge of CONVERT 
begins the 
conversion cycle. When conversion is completed DR returns 
low. During the conversion cycle, HBE and LBE should be 
held high. If HBE or LBE goes low during a conversion, 
the 
data output buffers will be enabled and intermediate 
conversion 
results will be present on the data output pins. This may cause 
bus conflicts if other devices in a system are trying to use the 
bus. 
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Figure 9. 
Reading the Data 
The three-state 
data output buffers are enabled by HBE and 
LBE. Access time of these buffers is typically 150ns (250 
maximum). 
The Data outputs remain valid until SOns after the 
enable signal returns high, and are completely into the high-im- 
pedance state lOOns later. 


TIMING 
SPECIFICATIONS 
(All grades, 
TA = Tmm - T....,.) 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 


CONVERT Pulse Width 
tes 
500 
ns 
DR Delay from CONVERT 
tose 
I 
1.5 
fLS 
Conversion Time 
te 
10 
20 
30 
fLS 


Data Access Time 
too 
0 
ISO 
250 
ns 
Data Valid after HBE/LBE 
High 
tHO 
50 
ns 
Output Float Delay 
tHL 
100 
200 
ns 


MICROPROCESSOR 
INTERFACE 
CONSIDERATIONS- 
GENERAL 
When an analog-to-digital 
converter like the AD573 is interfaced 
to a microprocessor, 
several details of the interface must be 
considered. First, a signal to start the converter must be generated; 
then an appropriate 
delay period must be allowed to pass before 
valid conversion data may be read. In most applications, 
the 
AD573 can interface to a microprocessor 
system with little or no 
external logic. 


The most popular control signal configuration consists of decoding 
the address assigned to the AD573, then gating this signal with 
the system's WR signal to generate the CONVERT 
pulse, and 
gating it with RD to enable the output buffers. The use of a 
memory address and memory WR and RD signals denotes 
"memory-mapped" 
I/O interfacing, 
while the use of a separate 
I/O address space denotes "isolated I/O" interfacing. 
In 8-bit 
bus systems, the 10-bit AD573 will occupy two locations when 
data is to be read; therefore, 
two (usually consecutive) addresses 
must be decoded. One of the addresses can also be used as 


Interfacing to the AD573 


the address which produces the CONVERT 
signal during WR 
operations. 


Figure 11 shows a generalized diagram of the control logic for 
an ADS73 interfaced to an 8-bit data bus, where two addresses 
(ADC ADDR and ADC ADDR+ 
I) have been decoded. ADC 
ADDR starts the converter when written to (the actual data 
being written to the converter does not matter) and contains the 
high byte data during read operations. ADC AD DR + I performs 
no function during write operations, but contains the low byte 
data during read operations. 
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Figure 
11. General 
AD573 
Interface 
to 8-Bit 
Microprocessor 


In systems where this read-write interface is used, at least 30 
microseconds (the maximum conversion time) must be allowed 
to pass between starting a conversion and reading the results. 
This delay or "timeout" 
period can be implemented 
in a short 
software routine such as a countdown loop, enough dummy 
instructions 
to consume 30 microseconds, or enough actual 
useful instructions to consume the required time. In tightly-timed 
systems, the DR line may be read through an external three-state 
buffer to determine precisely when a conversion is complete. 
Higher-speed systems may choose to use DR to signal an interrupt 
to the processor at the end of a conversion. 
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Figure 
12. Typical 
AD573 
Interface 
Timing 
Diagram 


CONVERT 
Pulse Generation 
The ADS73 is tested with a CONVERT 
pulse width of Soons 
and will typically operate with a pulse as short as 3OOns.However, 


some microprocessors produce active WR pulses which are 
shorter than this. Either of the circuits shown in Figure 13 can 
be used to generate an adequate CONVERT pulse for the ADS73. 


In both circuits, the short low-going WR pulse sets the CONVERT 
line high through a flip-flop. The rising edge of DR (which 
signifies that the internal logic has been reset) resets the flip-flop 
and brings CONVERT 
low, which starts the conversion. 


Note that tose is slightly longer when the result of the previous 
conversion contains a logic I on the LSB. This means that the 
actual CONVERT 
pulse generated by the circuits in Figure 13 
will vary slightly in width. 
• 


Figure 
13a. Using 74L500 
Figure 
13b. 
Using 
1/274L574 


Output Data Format 
The ADS73 output data is presented in a left-justified format. 
The 8 MSBs (DB9-DB2, 
pins 10 through 3) are enabled by 


HBE (pin 20) and the 2 LSBs (DBI, 
DBO - pins 2 and I) are 
enabled by LBE (pin 19). This allows simple interface to 8-bit 
system buses by overlapping the 2 MSBs and the 2 LSBs. The 
organization of the data is shown in Figure 14. 


When the least significant bits are read (LBE brought low), the 
six remaining bits of the byte will contain meaningless data. 
These unwanted bits can be masked by logically ANDing the 
byte with 11000000 (COhex), which forces the 6 lower bits to 
logic 0 while preserving the two most significant bits of the 
byte. 


Note that it is not possible to reconfigure the ADS73 for right 
justified data. 


Figure 14. AD573 Output 
Data Format 


In systems where all 10 bits are desired at the same time, HBE 
and LBE may be tied together. This is useful in interfacing to 
16-bit bus systems. The resulting 10-bit word can then be placed 
at the high end of the 16-bit bus for left justification or at the 
low end for right justification. 


It is also possible to use the ADS73 in a "stand-alone" 
mode, 


where the output data buffers are automatically enabled at the 
end of a conversion cycle. In this mode, the DR output is wired 
to the HBE and LBE inputs. The outputs thus are forced into 
the high-impedance 
state during the conversion period, and 
valid data becomes available approximateIy 
Soons after the DR 
signal goes low at the end of the conversion. The SOOnsdelay 
allows propagation of the least significant bit through the internal 
logic. 


This mode is particularly 
useful for bench-testing 
of the ADS73, 


and in applications where dedicated 
1/0 ports of peripheral 
interface adapter chips are available. 


Figure 15. AD573 in "Stand-Alone" 
Mode 
(Output Data Valid 500ns After DR Goes Low) 


Apple II Microcomputer 
Interface 
The AD573 can provide a flexible, low-cost analog interface for 
the popular Apple II microcomputer. 
The Apple II, based on a 
IMHz 6502 microprocessor, 
meets all timing requirements 
for 
the AD573. Only a few TTL gates are required to decode the 
signals available on the Apple II's peripheral connector. 
The 
recommended 
connections 
are shown in Figure 16. 


APPLE II 
PERIPHERAL 
CONNECTOR 
gfrE'E~41 


Figure 16. AD5731nterfacetoAppiell 


The BASIC routine listed here will operate the AD573 circuit 
shown in Figure 16. The conversion is started by POKEing 
to 
the location which contains the AD573. The relatively slow 
execution speed of BASIC eliminates the need for a delay routine 
between starting and reading the converter. This routine assumes 
that the AD573 is connected for a ± 5 volt input range. Variable 
I represents 
the integer value (from 0 to 1023) read from the 
AD573. Variable V represents the actual value of the input 
signal (in volts). 


100 PRINT 
"WHICH 
SLOT IS THE AID IN";:INPUT 
S 
110 A= 
49280+ 16*S 
120 POKE A,O 
130 L = PEEK(A) 
:H = PEEK(A + 1) 
140 I=(4*H)+INT(L/64) 
150 V = (l11024)*1~5 
160 PRINT 
"THE 
INPUT 
SIGNAL IS ";V;"VOLTS." 


It is also possible to write a faster-executing 
assembly-language 
routine to control the AD573. Such a routine will require a 
delay between starting and reading the converter. 
This can be 
easily implemented 
by calling the Apple's WAIT subroutine 
(which resides at location $FCA8) after loading the accumulator 
with a number greater than or equal to two. 


SOSS·Series Microprocessor 
Interface 
The AD573 can also be used with 8085-series microprocessors. 
These processors use separate control signals for RD and WR, 
as opposed to the single RiW control signal used in the 6800/6500 
series processors. 


There are two constraints related to operation of the AD573 
with 8085-series processors. The first problem is the width of 
the CONVERT 
pulse. The circuit shown in Figure 17 (essentially 


the same as that shown in Figure 13) will produce a wide enough 
CONVERT 
pulse when the 8085 is running at 5MHz. For 8085 
systems running at slower clock rates (3MHz), the flip-flop-based 
circuit can be eliminated since the WR pulse will be approximately 
500ns wide. 


The other consideration 
is the access time of the AD573's three- 
state output data buffers, which is 250ns maximum. 
It may be 
necessary to insert wait states during RD operations from the 
AD573. This will not be a problem in systems using memories 
with comparable access times, since wait states will have already 
been provided in the basic system design. 


The following assembly-language 
subroutine 
can be used to 
control an AD573 residing at memory locations 3000H and 3OOIH• 
The 10 bits of data are returned (left-justified) in the DE register 
pair. 


LXI 
H,3000 
MOVM,A 
MVI 
B,06 
DCR B 
JNZ 
LOOP 
MOVA,M 
ANI 
CO 
MOVE,A 
INR 
L 
MOVD,M 
RET 


; LOAD HL WITH AD573 ADDRESS 
; START CONVERSION 
; LOAD DELAY PERIOD 
; DELAY LOOP 


; READ LOW BYTE 
; MASK LOWER 6 BITS 
; STORE CLEAN LOW BYTE IN E 
; LOAD HIGH BYTE ADDRESS 
; MOVE HIGH BYTE TOD 
; EXIT 


IlllIIIIIII ANALOG 
L.III DEVICES 


I 


FEATURES 
Complete 
12-Bit AiD Converter 
with 
Reference 
and Clock 
8- and 
16-Bit Microprocessor 
Bus Interface 
Guaranteed 
Linearity 
Over Temperature 
o to + 70·C - AD574AJ, 
K, L 
-55·C 
to + 125·C - AD574AS, T, U 
No Missing 
Codes 
Over Temperature 
3511-sMaximum 
Conversion 
Time 
Buried Zener 
Reference 
for Long-Term 
Stability 
and Low Gain T.C. 10ppmrC 
max AD574AL 
12.5ppmrC 
max AD574AU 
Ceramic 
DIP, Plastic 
DIP or PLCC Package 
Available 
in Higher 
Speed, 
Pinout-Compatible 
Versions 
(1511-sAD674B, 811-sAD774B; 
10ll-S (with 
SHA) AD1674) 
Available 
in Versions 
Compliant 
with 
MIL-STD-883 
and JAN OPL. 


PRODUCT 
DESCRIPTION 
The AD574A is a complete 12-bit successive-approximation 
analog-to-digital converter with 3-state output buffer circuitry 
for direct interface to an 8- or l6-bit microprocessor 
bus. A 
high-precision 
voltage reference and clock are included on-chip, 


and the circuit guarantees full-rated performance without external 
circuitry or clock signals. 


The AD574A design is implemented 
using Analog Devices' 


Bipolar/I2L process, and integrates all analog and digital functions 
on one chip. Offset, linearity and scaling errors are minimized 
by active laser-trimming 
of thin-film resistors at the wafer stage. 


The voltage reference uses an implanted buried Zener for low 
noise and low drift. On the digital side, I2L logic is used for the 
successive-approximation 
register, control circuitry and 3-state 


output buffers. 


The AD574A is available in six different grades. The AD574A], 
K, and L grades are specified for operation over the 0 to + 70·C 
temperature 
range. The AD574AS, T, and U are specified for 
the - 55·C to + 125°C range. All grades are available in a 28-pin 
hermetically-sealed 
ceramic DIP. Also, the J, K, and L grades 


are available in a 28-pin plastic DIP and PLCC, and the J and 
K grades are available in ceramic LCC. 


The S, T, and U grades in ceramic DIP or LCC are available 
with optional processing to MIL-STD-883C 
Class B; the T and 
U grades are available as JAN QPL. The Analog Devices' Military 
Products Databook should be consulted for details on /883B 
testing of the AD574A. 


CHIP 
SELECT 
Cf 


BYTE 
ADDRESS/ 


SHORT CYCLE 
.• 
Ao 


READ/cONVERT 
R/E 


.,OY 
REFERENCE 


REF 
OUT 


ANALOG 
COMMON 
AC 


lOY 
SlOAN 
INPUT,- 


20V 
SPAN 
INPUT 
2OV" 


Complete 
12-Bit AID Converter 


AD574A* 
I 


BLOCK 
DIAGRAM 
AND 
PIN CONFIGURATION 
• 


Deo 
LSB 


15 ~GITAl 
COMMON 


PRODUCT 
ffiGHLIGHTS 
1. The AD574A interfaces to most 8- or l6-bit nticroprocessors. 


Multiple-mode 
three-state output buffers connect directly to 


the data bus while the read and convert commands are taken 
from the control bus. The 12 bits of output data can be read 
either as one l2-bit word or as two 8-bit bytes (one with 8 
data bits, the other with 4 data bits and 4 trailing zeros). 


2. The precision, laser-trimmed scaling and bipolar offset resistors 


provide four calibrated ranges: 0 to + 10 and 0 to + 20 volts 
unipolar, 
- 5 to + 5 and - 10 to + 10 volts bipolar. Typical 
bipolar offset and full-scale calibration errors of ±O.l% can 
be trimmed to zero with one external component each. 


3. The internal buried Zener reference is trimmed to 10.00 
volts with 0.2% maximum error and l5ppmrC 
typical T.C. 


The reference is available externally and can drive up to 
1.5mA beyond the requirements 
of the reference and bipolar 
offset resistors. 


4. AD674B (15",s) and AD774B (8",s) provide higher speed, 


pin compatibility; 
ADl674 (IO",s) includes on-chip Sample- 
Hold Amplifier (SHA). 


AD574A - SPECIFICATIONS 


(@ +25"& with Vcc = +15V or + 12V, VLOG1C 
unless otherwise 
indicated) 


AD574AJ 
AD574AK 
AD574AL 


Model 
MiD 
Typ 
Max 
MiD 
Typ 
Max 
MiD 
Typ 
Max 
Units 


RESOLUTION 
12 
12 
12 
Bits 


LINEARITY 
ERROR@- 
+ 25·C 
±I 
±1/2 
±1/2 
LSB 


Tm.intoTmu 
±I 
±112 
±112 
LSB 


DIFFERENTIAL 
LINEARITY 
ERROR 


(Minimum 
resolution 
for which no 
missing codes are guaranteed) 


TminlOTmu 
II 
12 
12 
Bits 


UNIPOLAR 
OFFSET 
(Adjustable 
to zero) 
±2 
±I 
±I 
LSB 


BIPOLAR 
OFFSET 
(Adjustable 
to zero) 
±4 
±4 
±2 
LSB 


FULL-SCALE 
CALIBRATION 
ERROR 


(with fIXed 500 resistor from REF OUT to REF IN) 
(Adjustable 
to zero) 
0.25 
0.25 
0.125 
%ofF.S. 


TEMPERATURE 
RANGE 
0 
+70 
0 
+70 
0 
+70 
"C 


TEMPERATURE 
COEFFICIENTS 


(Using internal 
reference) 


TminlOTmax 
Unipolar 
Offset 
±2(10) 
±1(5) 
±1(5) 
LSB(ppmJ"C) 


Bipolar Offset 
±2(10) 
±1(5) 
±1(5) 
LSB(ppmJ"C) 


Full-Scale 
Calibration 
±9(50) 
±5(27) 
±2(1O) 
LSB(ppmJ"C) 


POWER 
SUPPLY 
REJECTION 
Max change in Full Scale Calibration 
Vcc= 
15V 3: 1.5Vor 
12V :!:O.6V 
±2 
±I 
±I 
LSB 
VLOG1e ~ 5V ± 0.5V 
rIl2 
±1I2 
±1/2 
LSB 
VEE~ -15V 
± l.5Vor 
-12V 
±0.6V 
±2 
±I 
±I 
LSB 


ANALOG 
INPUT 
Input Ranges 
Bipolar 
-5 
+5 
-5 
+5 
-5 
+5 
Volts 


-10 
+10 
-10 
+10 
-10 
+10 
Volts 
Unipolar 
0 
+10 
0 
+10 
0 
+10 
Volts 


0 
+20 
0 
+20 
0 
+20 
Volts 
Input Impedance 
10 Volt Span 
3 
5 
7 
3 
5 
7 
3 
5 
7 
kO 
20 Volt Span 
6 
10 
14 
6 
10 
14 
6 
10 
14 
kil 


DIGITAL 
CHARACTERISTICS' 
(T min-T~) 


Inputs' 
(CE, CS, RIG, Ao) 


Logic "I" 
Voltage 
+2.0 
+5.5 
+2.0 
+ 5.5 
+2.0 
+5.5 
Volts 
Logic "0" Voltage 
-0.5 
+0.8 
-0.5 
+0.8 
-0.5 
+0.8 
Volts 
Current 
-20 
+20 
-20 
+20 
-20 
+20 
>LA 
Capacitan~ 
5 
5 
5 
pF 
Outputs 
(DBII-DBO, 
STS) 


Logic "I" 
Voltage (IsouRcE:s500~A) 
+2.4 
+2.4 
+2.4 
Volts 
Logic "0" Voltage (ls.NKs 
1.6mA) 
+0.4 
+0.4 
+0.4 
Volts 


Leaka8e (DBII-DBO, 
Hi8h-Z 
State) 
-20 
+20 
-20 
+20 
-20 
+20 
I'A 
Capacitance 
5 
5 
5 
pF 


POWER 
SUPPLIES 
Operating 
Range 
VLOG1C 
+4.5 
+5.5 
+4.5 
+ 5.5 
+4.5 
+5.5 
Volts 
Vce 
+11.4 
+ 16.5 
+ 11.4 
+ 16.5 
+11.4 
+ 16.5 
Volts 
VEE 
-11.4 
-16.5 
-11.4 
-16.5 
-11.4 
-16.5 
Volts 


Operating 
Current 
ILOG1C 
30 
40 
30 
40 
30 
40 
mA 


Ice 
2 
5 
2 
5 
2 
5 
mA 
lEE 
18 
30 
18 
30 
18 
30 
mA 


POWER 
DISSIPATION 
390 
725 
390 
725 
390 
725 
mW 


INTERNAL 
REFERENCE 
VOLTAGE 
9.98 
10.0 
10.02 
9.98 
10.0 
10.02 
9.99 
10.0 
10.01 
Volts 
Output 
current 
(available for externalloads)3 
1.5 
1.5 
1.5 
mA 


(Exlernalload 
should not change during conversion) 


PACKAGE 
OPTIONS' 
Ceramic (D-28) 
AD574ASD 
AD574AKD 
AD574ALD 
PlaSlic(N-28) 
AD574AjN 
AD574AKN 
AD574ALN 
PLCC(P-28A) 
AD574AjP 
AD574AKP 
AD574ALP 
LCC(E-28A) 
AD574AjE 
AD574AKE 


NOTES 
IDetailed Timing Spttifications 
appear in the Timing Section. 


ll2J8 Input is not rrL-compatibl~ 
and must be:hard wired to VLOGIC or Digital Common. 


J-rhe refer~nce should ~ buffered for operation on :t 12V supplies. 
40 
= Ceramic DIP; N = Plastic DIP; P "" Plastic LeadedChipCarri~r. 
For outline 
information 
Stt Package Information section. 


Specifications shown in boldface are tested on all production units at flnal electri- 
cl 
feu 
Rcsults from those tests are u~ 
to calculate outS0lng quality 
levels. 
AU 


min and nux 
specifications 
are guaranteed, 
although 
only thOSt shown 
in 
boldface are tested on all production units. 


Specifications subject to change without notice. 


AD574AS 
AD574AT 
A0574AU 


Model 
Min 
Typ 
Mu 
Min 
Typ 
Mu 
Min 
Typ 
Mu 
Units 


RESOLUTION 
12 
12 
12 
Bits 


LINEARITY 
ERROR@ 
+ 25°C 
±I 
±I12 
±I12 
LSB 


TminlOTmu 
±I 
±I 
±I 
LSB 


DIFFERENTIAL 
LINEARITY 
ERROR 


(Minimum 
resolution 
for which no 


missing codes art guaranteed) 


TminlOTmax 
11 
12 
12 
Bits 


UNIPOLAR 
OFFSET 
(Adjustable 
to zero) 
±2 
±I 
±I 
LSB 


BIPOLAR 
OFFSET 
(Adjustable 
to zero) 
±4 
±4 
±2 
LSB 


FULL-SCALECALIBRA 
TION 
ERROR 


(with fIXedson resistor from REF OUT to REF IN) 


(Adjustable 
10zero) 
0.25 
0.25 
0.125 
%ofF.S. 


TEMPERATURE 
RANGE 
-55 
+ 125 
-55 
+ 125 
-55 
+ 125 
°C 


TEMPERATURE 
COEFFICIENTS 


(Using internal reference) 


TminlOTmu 
Unipolar Offset 
±2(5) 
±1(2.5) 
±1(2.5) 
LSB(ppm?C) 


Bipolar Offset 
±4(1O) 
±2(5) 
±1(2.5) 
LSB(ppm?C) 


Full-Scale Calibration 
±20(50) 
± 10(25) 
±5(l2.5) 
LSB(ppml"C) 


POWER 
SUPPLY 
REJECTION 
Max change in Full Scale Calibration 
Vcc= 
lSV:t 
1.5Vor 12V ±O.6V 
±2 
±I 
±1 
LSB 


VU)Glc=5V 
±O.5V 
±l/2 
±In 
±In 
LSB 


VEE= 
-15V 
± 1.5Vor 
-12V ±O.6V 
±2 
±I 
±I 
LSB 


ANALOG 
INPUT 
Input Ranges 
Bipolar 
-5 
+5 
-5 
+5 
-5 
+5 
Volts 


-10 
+10 
-10 
+10 
-10 
+10 
Volts 


Unipolar 
0 
+10 
0 
+10 
0 
+10 
Volts 


0 
+20 
0 
+20 
0 
+20 
Volts 


Input Impedance 
10 Volt Span 
3 
5 
7 
3 
5 
7 
3 
5 
7 
kO 


20 Volt Span 
6 
10 
14 
6 
10 
14 
6 
10 
14 
kO 


DIGITAL 
CHARACTERISTICS' 
(T mi"-T ~.) 


Inputs2(CE,CS,RlC,~) 


Logic "1" Voltage 
+2.0 
+5.5 
+2.0 
+5.5 
+2.0 
+5.5 
Volts 


Logic "0" Voltage 
-0.5 
+0.8 
-0.5 
+0.8 
-0.5 
+0.8 
Volts 


Currem 
-20 
+20 
-20 
+20 
-20 
+20 
,..A 


Capacitance 
5 
5 
5 
pF 


Outputs 
(OB11-0BO, 
STS) 
Logic "I" Voltage (IsouRCEsSOO 
•.•.A) 
+2.4 
+2.4 
+2.4 
Volts 


Logic "0" Voltage (ISINK==- 1.6mA) 
+0.4 
+0.4 
+0.4 
Volts 


Leakage (OBI1-0BO, 
High-Z State) 
-20 
+20 
-20 
+20 
-20 
+20 
,..A 


Capacitance 
5 
5 
5 
pF 


POWER 
SUPPLIES 
Operating 
Range 


VLOGTC 
+4.5 
+5.5 
+4.5 
+5.5 
+4.5 
+5.5 
Volts 


Vcc 
+11.4 
+ 16.5 
+11.4 
+ 16.5 
+11.4 
+ 16.5 
Volts 


VEE 
-11.4 
-16.5 
-11.4 
-16.5 
-11.4 
-16.5 
Volts 


Operating 
Current 


ILOGlc 
30 
40 
30 
40 
30 
40 
mA 


Ice 
2 
5 
2 
5 
2 
5 
mA 


lEE 
18 
30 
18 
30 
18 
30 
mA 


POWER 
DISSIPATION 
390 
725 
390 
725 
390 
725 
mW 


INTERNAL 
REFERENCE 
VOLTAGE 
9.98 
10.0 
10.02 
9.98 
10.0 
10.02 
9.99 
10.0 
10.01 
Volts 


Output 
current (available for extcmalloads)'J 
1.5 
1.5 
1.5 
mA 


(Extcrnalload 
should not change during conversion) 


PACKAGE 
OPTIONS' 
Ceramic (D-28) 
AD574ASO 
AD574ATO 
AD574AUO 


NOTES 
'Detailed Timing Specifications appear in the Timing Section. 


1 J 2/B Input is nor TTL,<omparibJc and must be hani wired to VLOGIC or Digital Common. 
3The reference should be buffered for operation on ± 12Vsupplies. 
4D = Ceramic DIP. For outline information s« Package Infonnation section. 
Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production uni1sa1final electri- 
cal [est. Results from 1hose 1eS1Sare used to calculate outgoing quality levels. All 
min and max specifications 
are guaranteed, 
although 
only those shown in 
boldface are tested on all production units. 


• 


AD574A 


+6V SUPPLY 
STATUS 


VLOGIC 
STS 


DATA MODE SELECT 
2 
OB11 
12/8 
MS8 


CHIP SELECT 
0810 
OS 


BYTE ADORESSI 
D8. 
SHORT CYCLE • 
Ao 


READ/CONVERT 
D88 
R/E 


CHIP ENABLE 
D87 
CE 


+12/+16V 
SUPPLY 
7 
D88 
DIGITAL 
Vco 
OATA 
+10V REFERENCE 
D8. 
OUTPUTS 
REF OUT 


ANALOG 
COMMON 
D84 
AC 


REFERENCE 
INPUT 
D83 
REF IN 


-121-15V 
SUPPLY 
D82 
V•• 


BIPOLAR 
OFFSET 
D8' 
BIPOFF 


lOV SPAN INPUT 
D8D 
''"'''' 
LS8 
Sk 
2fN SPAN INPUT 
15 
~GITAL 
COMMON 
2OV•• 
AD574A 


ABSOLUTE 
MAXIMUM 
RATINGS· 
(Specifications apply to all grades, except where noted) 


Va; to Digital Common 
. . 
VEE to Digital Common 
. . 
VLOGIC to Digital Common 
Analog Common to Digital Common 
Control Inputs (CE, CS, Ao, 12/8, RlC) to 
Digital Common 
. . 
-O.5V 
to VLOGIC 
+0.5V 
Analog Inputs (REF IN, BIPOFF, 
10VIN)to 
Analog Common 
VEE to Va; 
20VIN to Analog Common. 
. 
±24V 
REF OUT 
Indefmite 
short to common 
Momentary short to Va; 


.0 
to + 16.5V 


.0 
to -16.5V 
o to +7V 
..... 
±IV 


Chip Temperature 
. 


Power Dissipation 
. . . . . . 
Lead Temperature, 
Soldering 
Storage Temperature 
(Ceramic) 
(Plastic) 
. 


175°C 
. ... 
825mW 
+ 300"C, 10 sec. 


-65°C 
to + 150°C 
- 25°C to + 100°C 


·Stresses above those lisled under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periodsmayaffectdevicereliability. 


Resolution 
Max 
Temperature 
Linearity Error 
No Missing Codes 
Full Scale 
Modell 
Range 
Max (T min to T....J 
(T min to T....J 
T .C. (ppmfOC) 


AD574AJ(X) 
Oto + 70°C 
±ILSB 
11Bits 
50.0 
ADS74AK(X) 
Oto + 70°C 
± 1/2LSB 
12Bits 
27.0 
ADS74AL(X) 
Oto + 70°C 
± 1I2LSB 
12Bits 
10.0 
ADS74AS(X)' 
- 55°Cto + 125°C 
±ILSB 
11Bits 
50.0 
ADS74AT(X)' 
- 55°Cto + 125°C 
±ILSB 
12Bits 
25.0 
ADS74AU(X)2 
- 55"Cto + 125"C 
±ILSB 
12Bits 
12.5 


NOTES 
IX ~ Packagedesignator.Availablepackagesare: 
D(D-28)forallgrades. 
E(E-28A)forJ andKgradesand1883B processedS,Tand Ugrades. 
N(N-28)forJ, K,andLgrades. 
P(P-28A)forPLCCinJ, Kgrades. 
Example:ADS74AKNisKgradeinplasticDIP. 


2Fordetails on grade and package offerings screened in accordance with MIL~STD~883Jrefer to Analog Devices Military 
Products Databook. 


THE AD574A OFFERS GUARANTEED 
MAXIMUM LINEARITY ERROR OVER THE FULL OPERATING 
TEMPERATURE 
RANGE 


LINEARITY 
ERROR 
Linearity error refers to the deviation of each individual 
code 
from a line drawn from "zero" 
through 
"full scale". The point 
used as "zero" occurs lIZLSB (l.ZZmV for 10 volt span) before 
the first code transition 
(all zeros to only the LSB "on"). 
"Full 
scale" is defmed as a level I lIZLSB beyond the last code transition 
(to all ones). The deviation of a code from the true straight line 
is measured from the middle of each particular 
code. 


The AD574AK, 
L, T, and U grades are guaranteed for maximum 
nonlinearity 
of ± lIZLSB. For these grades, this means that an 
analog value which falls exactly in the center of a given code 
width will result in the correct digital output code. Values nearer 
the upper or lower transition of the code width may produce the 
next upper or lower digital output code. The AD574AJ and S 
grades are guaranteed 
to ± ILSB max error. For these grades, 
an analog value which falls within a given code width will result 
in either the correct code for that region or either adjacent one. 


Note that the linearity error is not user-adjustable. 


DIFFERENTIAL 
LINEARITY 
ERROR (NO MISSING 
CODES) 
A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. 
Thus every code must 
have a finite width. For the AD574AK, 
L, T, and U grades, 
which guarantee no missing codes to IZ-bit resolution, 
all 4096 
codes must be present over the entire operating 
temperature 
ranges. The AD574AJ and S grades guarantee no missing codes 
to 11-bit resolution over temperature; 
this means that all code 
combinations 
of the upper 
II bits must be present; 
in practice 
very few of the IZ-bit codes are missing. 


UNIPOLAR 
OFFSET 
The first transition 
should occur at a level lIZLSB above analog 
common. 
Unipolar offset is defmed as the deviation of the actual 
transition from that point. This offset can be adjusted as discussed 
on the following two pages. The unipolar offset temperature 
coefficient specifies the maximum change of the transition 
point 
over temperature, 
with or without external adjustment. 


BIPOLAR 
OFFSET 
In the bipolar mode the major carry transition 
(0 III 
1111 1111 
to 1000סס ooסס OO) should occur for an analog value lIZLSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in 
the error over temperature. 


QUANTIZATION 
UNCERTAINTY 
Analog-to-digital 
conveners 
exhibit an inherent quantization 
uncenainty 
of ± lIZLSB. This uncenainty 
is a fundamental 
characteristic 
of the quantization 
process and cannot be reduced 
• 
for a convener 
of given resolution. 


LEFT-JUSTIFIED 
DATA 
The data fonnat used in the AD574A is left-justified. 
This 
means that the data represents 
the analog input as a fraction of 
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FULL-SCALE 
CALIBRATION 
ERROR 
The last transition 
(from 1111 1111 1110 to 1111 1111 1111) 
should occur for an analog value I lIZLSB below the nominal 
full scale (9.9963 volts for 10.000 volts full scale). The full-scale 
calibration error is the deviation of the actual level at the last 
transition 
from the ideal level. This error, which is typically 
0.05 to 0.1% of full scale, can be trimmed out as shown in 
Figures 3 and 4. 


TEMPERATURE 
COEFFICIENTS 
The temperature 
coefficients for full-scale calibration, 
unipolar 
offset, and bipolar offset specify the maximum charige from the 
initial (Z5°C) value to the value at T min or T max' 


POWER 
SUPPLY REJECTION 
The standard 
specifications for the AD574A assume use of 
+ 5.00 and ± 15.00 or ± 12.00V supplies. The only effect of 
power supply error on the performance 
of the device will be a 
small change in the full-scale calibration. 
This will result in a 
linear change in alllower-order 
codes. The specifications show 
the maximum 
full-scale change from the initial value with the 
supplies at the various limits. 


CODE WIDTH 
A fundamental 
quantity 
for AID convener 
specifications is the 
code width. This is defined as the range of analog input values 
for which a given digital output code will occur. The nominal 
value of a code width is equivalent to I least significant bit 
(LSB) of the full-scale range or Z.44mV out of 10 volts for a 
IZ-bit ADC. 


CIRCUIT 
OPERATION 
The AD574A is a complete 12-bit AID converter which requires 
no external components 
to provide the complete successive- 
approximation 
analog-to-digital 
conversion function. 
A block 
diagram of the AD574A is shown in Figure 
1. 
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When the control section is commanded 
to initiate a conversion 


(as described later), it enables the clock and resets the successive- 
approximation 
register (SAR) to all zeros. Once a conversion 
cycle has begun, it cannot be stopped or re-started 
and data is 
not available from the output buffers. The SAR, timed by the 
clock, will sequence through the conversion cycle and return an 
end-of-convert 
flag to the control section. The control section 
will then disable the clock, bring the output 
status flag low, and 


enable control functions 
to allow data read functions by external 


command. 


During the conversion cycle, the internal 
12-bit current 
output 
DAC is sequenced by the SAR from the most significant bit 
(MSB) to least significant bit (LSB) to provide an output current 
which accurately balances the input signal current through 
the 
5kO (or IOkO) input resistor. The comparator determines whether 
the addition of each successively-weighted 
bit current 
causes the 
DAC current 
sum to be greater or less than the input current; 


if the sum is less, the bit is left on; if more, the bit is turned 
off. After testing all the bits, the SAR contains a l2-bit binary 
code which accurately represents 
the input signal to within 
± 1I2LSB. 


The temperature-compensated 
buried zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. 
The reference is trimmed 
to 10.00 volts ±0.2%; it can supply up to 1.5mA to an external 
load in addition to the requirements 
of the reference input resistor 
(0.5mA) and bipolar offset resistor (ImA) when the AD574A is 
powered from ± 15V supplies. If the AD574A is used with 
± 12V supplies, or if external current 
must be supplied over the 
full temperature 
range, an external buffer amplifier is recom- 
mended. 
Any external load on the AD574A reference must 
remain constant during conversion. 
The thin-mIll application 
resistors are trimmed 
to match the full-scale output current 
of 
the DAC. There are two 5kO input scaling resistors to allow 
either a 10 volt or 20 volt span. The 10kO bipolar offset resistor 


is grounded 
for unipolar operation and connected 
to the 10 volt 


reference for bipolar operation. 


DRMNG 
THE AD574 ANALOG 
INPUT 
The internal circuitry of the AD574 dictates that its analog 
input be driven by a low source impedance. 
Voltage changes at 
the current summing node of the internal comparator 
result in 
abrupt modulations 
of the current at the analog input. 
For 
accurate 12-bit conversions the driving source must be capable 
of holding a constant output voltage under these dynamically 
changing load conditions. 


II" 
IS MODULATED 
BY 
CHANGES IN TEST CURRENT. 
AMPLIFIER PULSE lOAD 
RESPONSE 
LIMITED 
BY 
OPEN LOOfI'OUTPUT 
IMPEDANCE. 


The output impedance 
of an op amp has an open-loop value 
which, in a closed loop, is divided by the loop gain available at 
the frequency of interest. 
The amplifier should have acceptable 
loop gain at 500kHz for use with the AD574A. To check whether 
the output properties 
of a signal source are suitable, monitor the 
AD574's input with an oscilloscope while a conversion is in 
progress. 
Each of the 12 disturbances 
should subside in l",s or 
less. 


For applications involving the use of a sample-and-hold 
amplifier, 


the AD585 is recommended. 
The AD711 or AD544 op amps 
are recommended 
for dc applications. 


SAMPLE·AND·HOLD 
AMPLIFIERS 
Although the conversion time of the AD574A is a maximum of 
35",s, to achieve accurate 12-bit conversions of frequencies greater 
than a few Hz requires the use of a sample-and-hold 
amplifier 
(SHA). If the voltage of the analog input signal driving the 
AD574A changes by more than 1I2LSB over the time interval 
needed to make a conversion, 
then the input requires a SHA. 


The AD585 is a high-linearity 
SHA capable of directly driving 
the analog input of the AD574A. The AD585's fast acquisition 
time, low aperture 
and low aperture jitter are ideally suited for 
high-speed data acquisition systems. Consider the AD574A 
converter with a 35",s conversion time and an input signal of 
10V pop: the maximum frequency which may be applied to 
achieve rated accuracy is 1.5Hz. However, with the addition of 
an AD585, as shown in Figure 3, the maximum frequency 
increases to 26kHz. 


The AD585's low output impedance, 
fast-loop response, and 
low droop maintain 
12-bits of accuracy under the changing load 
conditions 
that occur during a conversion, 
making it suitable for 
use in high-accuracy 
conversion systems. Many other SHAs 


cannot achieve l2-bits of accuracy and can thus compromise a 


system. The ADS8S is recommended 
for ADS74A applications 
requiring a sample and hold. 


An alternate approach is to use'the AD1674, which combines 
the ADC and SHA on one chip, with a total throughput 
time of 
lOllS. 
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SUPPLY 
DECOUPLING 
AND LAYOUT 
CONSIDERATIONS 
It is critically imponant 
that the ADS74A power supplies be 
filtered, well regulated, 
and free from high-frequency 
noise. Use 
of noisy supplies will cause unstable output codes. Switching 
power supplies are not recommended 
for circuits attempting 
to 
achieve 12-bit accuracy unless great care is used in fJltering any 
switching spikes present in the output. 
Remember that a few 
millivolts of noise represents 
several counts of error in a l2-bit 
ADC. 


Decoupling 
capacitors should be used on all power supply pins; 
the + SV supply decoupling capacitor should be connected 
directly from pin 1 to pin 15 (digital common) and the + Va:. 
and - VEE pins should be decoupled directly to analog common 
(pin 9). A suitable decoupling capacitor is a 4.71LF tantalum 
type in parallel with a O.lILF disc ceramic type. 


Circuit layout should attempt 
to locate the ADS74A, associated 
analog input circuitry, 
and interconnections 
as far as possible 
from logic circuitry. 
For this reason, the use of wire-wrap circuit 
construction 
is not recommended. 
Careful printed-circuit 
con- 
struction 
is preferred. 


GROUNDING 
CONSIDERATIONS 
The analog common at pin 9 is the ground reference point for 
the internal reference and is thus the "high quality" ground for 
the ADS74A; it should be connected directly to the analog 
reference point of the system. In order to achieve all of the 
high-accuracy 
performance 
available from the ADS74A in an 
environment 
of high digital noise content, 
the analog and digital 
commons should be connected together at the package. In some 
situations, 
the digital common at pin 15 can be connected to the 
most convenient 
ground reference point; analog power return is 
preferred. 


UNIPOLAR 
RANGE 
CONNECTIONS 
FOR TIlE 
AD574A 
The ADS74A contains all the active components 
required 
to 
perform a complete 
12-bit AID conversion. 
Thus, 
for most 
situations, all that is necessary is connection of the power supplies 
(+ 5, + 12/+ 15 and -12/-15 
volts), the analog input, 
and the 
conversion initiation command, 
as discussed on the next page. 
Analog input connections and calibration are easily accomplished; 
the unipolar operating mode is shown in Figure 4. • 
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All of the thin-fJlm application 
resistors of the ADS74A are 
trimmed for absolute calibration. Therefore, 
in many applications, 
no calibration trimming 
will be required. 
The absolute accuracy 
for each grade is given in the specification tables. For example, 
if no trims are used, the ADS74AK guarantees 
± lLSB max 
zero offset error and ±0.2S% 
(lOLSB) max full-scale error. 


(Typical full-scale error is ± 2LSB.) If the offset trim is not 
required, 
pin 12 can be connected directly to pin 9; the rwo 
resistors and trimmer for pin 12 are then not needed. If the full- 
scale trim is not needed, a son 
± 1% metal film resistor should 
be connected berween pin 8 and pin 10. 


The analog input is connected 
berween pin 13 and pin 9 for a 0 
to + 10V input range, berween 14 and pin 9 for a 0 to + 20V 
input range. The ADS74A easily accommodates 
an input signal 
beyond the supplies. For the 10 volt span input, 
the LSB has a 
nominal value of 2.44mV; for the 20 volt span, 4.88mV. 
If a 
10.24Vrange 
is desired (nominal 2.SmVlbit), 
the gain trimmer 
(R2) should be replaced by a son 
resistor, and a 200n trimmer 
inserted in series with the analog input to pin 13 for a full-scale 
range of 20.48V (SmVlbit), use a soon 
trimmer into pin 14. 
The gain trim described below is now done with these trimmers. 
The nominal input impedance into pin 13 is Sill, 
and 10kn 
into pin 14. 


The AD574A is intended 
to have a nominal 1I2LSB offset so 
that the exact analog input for a given ~e 
will be in the middle 
of that code (halfway between the transitions 
to the codes above 
and below it). Thus, 
the first transition (fromסס ooסס ooסס oo to 
סס ooסס oo 0001) will occur for an input level of + 1I2LSB (1.22mV 
for 10V range). 


If pin 12 is connected 
to pin 9, the unit will behave in this 
manner, within specillcations. 
If the offset trim (RI) is used, it 
should be trimmed as above, although a different offset can be 
set for a particular 
system requirement. 
This circuit will give 
approximately 
± 15mV of offset trim range. 


The full-scale trim is done by applying a signal I 1I2LSB below 
the nominal full scale (9.9963 for a 10V range). Trim R2 to give 
the last transition 
(1111 1111 III 0 to 1111 1111 1111). 


BIPOLAR 
OPERATION 
The connections for bipolar ranges are shown in Figure 5. Again, 
as for the unipolar ranges, if the offset and gain specifications 
are sufficient, one or both of the trimmers shown can be replaced 
by a son ± 1% fixed resistor. Bipolar calibration is similar to 
unipolar calibration. 
First, a signal VzLSB above negative full 
scale (-4.9988V 
for the ±5V range) is applied and Rl is trimmed 
to give the first transition 
(סס OOסס ooסס oo toסס ooסס oo 0001). 


Then a signal 1VzLSB below positive full scale ( +4.9963V for 
the ± 5V range) is applied and R2 trimmed to give the last 
transition (1111 1111 1110 to 1111 1111 1111). 
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CONTROL 
LOGIC 
The AD574A contains on-chip logic to provide conversion initi- 
ation and data read operations 
from signals commonly available 
in microprocessor 
systems. Figure 6 shows the internal logic 
circuitry of the AD574A. 


The control signals CE, CS, and RlC control the operation of 
the converter. The state of RlC when CE and CS are both asserted 
determines 
whether a data read (RlC= 
1) or a convert (RiC = 
0) is in progress. The register control inputs Ao and l2iS control 
conversion length and data format. The Ao line is usually tied 
to the least significant bit of the address bus. If a conversion is 
started with Ao low, a full 12-bit conversion cycle is initiated. 
If 
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Ao is high during a convert start, a shorter 8-bit conversion 
cycle results. During data read operations, Ao detertnines whether 
the three-state 
buffers containing the 8 MSBs of the conversion 
result (Aa = 0) or the 4 LSBs (Aa = I) are enabled. The 12/8 
pin detertnines 
whether the output data is to be organized as 
two 8-bit words (12/8 tied to DIGITAL 
COMMON) 
or a single 
12-bit word (12/8 tied to VLOGIcl. The 12/8 pin is not TTL- 
compatible and must be hard-wired to either VL<)GICor DIGITAL 
COMMON. 
In the 8-bit mode, the byte addressed when Ao is 
high contains the 4 LSBs from the conversion followed by four 
trailing zeroes. This organization 
allows the data lines to be 
overlapped 
for direct interface to 8-bit buses without the need 
for external three-state 
buffers. 


It is not recommended 
that Ao change state during a data read 
operation. Asymmetrical enable and disable times of the three-state 
buffers could cause internal bus contention 
resulting in potential 
damage to the AD574A. 


An output signal, STS, indicates the status of the converter. 
STS goes high at the beginning of a conversion and returns low 
when the conversion cycle is complete. 
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TIMING 
The AD574A is easily interfaced to a wide varietY of micropro- 
cessors and other digital systems. The following discussion of 
the timing requirements 
of the AD574A control signals should 
provide the system designer with useful insight into the operation 
of the device. 


CONVERT 
START TIMING-FULL 
CONTROL 
MODE 


Symbol 
Parameter 
MiD 
Typ 
Max 
Units 


tosc 
STS Delay from CE 
400 
ns 
tHEC 
CE Pulse Width 
300 
ns 
tssc 
CS to CE Setup 
300 
ns 
tHSC 
CS Low During CE High 
200 
ns 


tSRC 
RlC to CE Setup 
250 
ns 
tHRC 
RlC Low During CE High 
200 
ns 


(SAC 
Ao to CE Setup 
0 
ns 
tHAC 
Ao Valid During CE High 
300 
ns 
te 
Conversion Time 
8-BitCycle 
10 
24 
ILS 
12-Bit Cycle 
15 
35 
ILS 


Figure 7 shows a complete timing diagram for the AD574A 
convert start operation. 
RlC should be low before both CE and 
CS are asserted; if RlC is high, a read operation will momentarily 
occur, Possibly resulting in system bus contention. 
Either CE or 
CS may be used to initiate a conversion; however, use of CE is 
recommended 
since it includes one less propagation delay than 
CS and is the faster input. In Figure 7, CE is used to initiate 
the conversion. 


Once a conversion is started and the STS line goes high, convert 
start commands 
will be ignored until the conversion cycle is 
complete. 
The output 
data buffers cannot be enabled during 
conversion. 


Figure 8 shows the timing for data read operations. 
During data 
read operations, 
access time is measured from the point where 
CE and RlC both are high (assuming CS is already low). If CS 
is used to enable the device, access time is extended by lOOns. 


In the 8-bit bus interfa-:e mode (1218 input wired to DIGITAL 
COMMON), 
the address bit, Ao, must be stable at least ISOns 
prior to CE going high and must remain stable during the entire 
read cycle. If Ao is allowed to change, damage to the ADS74A 
output buffers may result. 


READ TIMING-FULL 
CONTROL 
MODE 


Symbol 
Parameter 
MiD 
Typ 
Max 
Units 


too 1 
Access Time (from CEl 
200 
ns 
tHO 
Data Valid after CE Low 
25 
ns 
tHL2 
Output Float Delay 
100 
ns 


(SSR 
CSto CE Setup 
150 
ns 


tSRR 
RlC to CE Setup 
0 
ns 


tSAR 
Ao to CE Setup 
150 
ns 


(HSR 
CSValid After CE Low 
50 
ns 
tHRR 
RlC High After CE Low 
0 
ns 


tHAR 
An Valid After CE low 
50 
ns • 


'(DO is measured 
with 
the load circuit 
of Figure 
9 and defined 
as the time 
required 
for an 


output to cross O.4V or 2AV. 
1 tHL is defmed 
as the time 
required 
for the data 
lines 
to change 
O. SV when 
loaded 
with 
the 
circuit 
of Figure 
10. 
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Figure 10. Load Circuit for Output Float Delay Test 


"STAND-ALONE" 
OPERATION 
The AD574A can be used in a "stand-alone" 
mode, which is 
useful in systems with dedicated input ports available and thus 
not requiring 
full bus interface capability. 


In this mode, CE and 1218 are wired high, CS and Ao are wired 
low, and conversion is controlled by RlC. The three-state 
buffers 
are enabled when RlC is high and a conversion starts when RlC 
goes low. This allows two possible control signals - a high pulse 
or a low pulse. Operation 
with a low pulse is shown in Figure 
II. In this case, the outputs are forced into the high- 
impedance state in response to the falling edge of RlC and return 
R~-U 
S1s_l~tD'1----\~_ 


-j 
~--te 
-J'~t"' 


0811-080 
~ 
HIGH·Z 
¢DATAVALtD 


I 


Figure 11. Low Pulse for Rie - Outputs Enabled After 
Conversion 


to valid logic levels after the conversion cycle is completed. 
The 
STS line goes high 600ns after RlC goes low and returns low 
300ns after data is valid. 


If conversion is initiated by a high pulse as shown in Figure 12, 
the data lines are enabled during the time when RlC is high. 
The falling edge of RlC starts the next conversion, 
and the data 
lines return to three-state 
(and remain three-state) 
until the next 
high pulse of RlC. 
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STAND·ALONE 
MODE TIMING 


Symbol 
Parameter 
MiD 
Typ 
Max 
Units 


tHRL 
Low Rle Pulse Width 
250 
ns 
tos 
STS Delay from Rle 
600 
ns 
tHDR 
Data Valid After Rle Low 
25 
ns 
tm. 
Output Float Delay 
ISO 
ns 
tHS 
STS Delay After Data Valid 
300 
1000 
ns 
tHRH 
High Rle Pulse Width 
300 
ns 


tDDR 
Data Access Time 
250 
ns 


Usually the low pulse for RlC stand-alone mode will be used. 
Figure 
13 illustrates a typical stand-alone 
confl1'guration for 
8086 type processors. 
The addition of the 74F/S374 
latches 
improves bus access/release times and helps minimize digital 
feedthrough 
to the analog portion of the converter. 


INTERFACING 
THE AD574A TO MICROPROCESSORS 
The control logic of the A0574A 
makes direct connection 
to 
most microprocessor 
system buses possible. While it is impossible 
to describe the details of the interface connections 
for every 
microprocessor 
type, several representative 
examples will be 
described here. 


GENERAL 
AID CONVERTER 
INTERFACE 
CONSIDERATIONS 
A typical AiD converter interface routine involves several opera- 
tions. First, a write to the ADC address initiates a conversion. 
The processor must then wait for the conversion cycle to complete, 
since most ADCs take longer than one instruction cycle to complete 
a conversion. 
Valid data can, of course, only be read after the 


conversion is complete. The A0574A 
provides an output signal 
(STS) which indicates when a conversion is in progress. This 
signal can be polled by the processor by reading it through an 
external three-state 
buffer (or other input port). The STS signal 
can also be used to generate an interrupt 
upon completion of 
conversion, 
if the system timing requirements 
are critical (bear 
in mind that the maximum conversion time of the A0574A 
is 
only 35 microseconds) 
and the processor has other tasks to 
perform during the ADC conversion cycle. Another possible 
time-out method is to assume that the ADC will take 35 micro- 
seconds to convert, and insert a sufficient number of "do-nothing" 
instructions to ensure that 35 microseconds of processor time is con- 
sumed. 


Once it is established 
that the conversion is ftnished, the data 
can be read. In the case of an ADC of 8-bit resolution (or less), 
a single data read operation is sufficient. In the case of converters 
with more data bits than are available on the bus, a choice of 
data fonnats is required, 
and multiple read operations are needed. 


The A0574A 
includes internal logic to permit direct interface to 
8-bit or 16-bit data buses, selected by connection of the 12/8 
input. In 16-bit bus applications (12/8 high) the data lines (OBll 
through OBO) may be connected to either the 12 most significant 
or 12 least significant bits of the data bus. The remaining four 
bits should be masked in software. The interface to an 8-bit 
data bus (12/8 low) is done in a left-justified fonnat. 
The even 
address (AO low) contains the 8MSBs (OBll 
through 084). 


The odd address (AO high) contains the 4LSBs (OB3 through 
OBO) in the upper half of the byte, followed by four trailing 
zeroes, thus elintinating bit masking instructions. 


It is not possible to reartange 
the A0574A 
data lines for right- 
justified 8-bit bus interface. 


SPECIFIC 
PROCESSOR 
INTERFACE 
EXAMPLES 
Z-80 System Interface 
The A0574A 
may be interfaced 
to the Z-80 processor in an I/O 
or memory mapped configuration. 
Figure 15 illustrates an I/O 
mapped configuration. 
The Z-80 uses address lines AO-A7 to 
decode the I/O port address. 
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RlC 
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An interesting 
feature of the Z-80 is that during I/O operations 
a single wait state is automatically inserted, 
allowing the AD574A 
to be used with Z-80 processors having clock speeds up to 4MHz. 
For applications 
faster than 4MHz use the wait state generator 
in Figure 16. In a memory mapped configuration 
the AD574A 
may be interfaced 
to Z-80 processors with clock speeds of up to 
2.5MHz. 


Figure 16. Wait State Generator 


IBM PC Interface 
The AD574A appears in Figure 17 interfaced 
to the 4MHz 8088 
processor of an IBM PC. Since the device resides in I/O space, 
its address is decoded from only the lower ten address lines and 
must be gated with AEN (active low) to mask out internal DMA 
cycles which use the same I/O address space. This active low 
signal is applied to CS. lOR and lOW are used to initiate the 
conversion and read, and are gated together to drive the chip 
enable, CEo Because the data bus width is limited to 8 bits, the 
AD574A data resides in two adjacent addresses selected by AO. 


07 
08-011 


DO 
04-073 


IBM pc 
DBo-DB3 


CARD SLOT 
AlC 


AD574A 
lOR 


lOW 
CE 


AO 
AO 


AEN 
cs 


A1-A7 
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Note: Due to the large number of of options that may be installed 
in the PC, the I/O bus loading should be limited to one Schottky 
TIL 
load. Therefore, 
a buffer/driver 
should be used when 
interfacing more than two AD574As to the I/O bus. 


8086 Interface 
The data mode select pin (12/8) of the AD574A should be connected 
to VLQGIC to provide a 12-bit data output. 
To prevent possible 
bus contention, 
a demultiplexed 
and buffered address/data 
bus 
is recommended. 
In the cases where the 8-bit short conversion 
cycle is not used, AO should be tied to digital common. 
Figure 
18 shows a typical 8086 configuration. 


T 


liE 


8286 
OR 
8287 


For clock speeds greater than 4MHz wait state insertion similar 
to Figure 16 is recommended 
to ensure sufficient CE and RlC 
pulse duration. 


The AD574A can also be interfaced 
in a stand-alone 
mode (see 
Figure 13). A low-going pulse derived from the 8086's WR 
signal logically ORed with a low address decode starts the con- 
version. At the end of the conversion, 
STS clocks the data into 
the three-state 
latches. 


68000 Interface 
The AD574, when configured 
in the stand-alone 
mode, will 
easily interface to the 4MHz version of the 68000 microprocessor. 
The 68000 R!W signal combined with a low address decode 
initiates conversion. 
The UDS or LDS signal, with the decoded 
address, generates the DT ACK input to the processor, 
latching 
in the AD574A's data. Figure 
19 illustrates 
this configuration. 


FEATURES 
Complete Serial Output 1G-Bit AID Converter with 
Reference. Clock and Comparator 
30••.• Conversion 
No Missing Codes Over Temperature 
Operates on +5Vand 
-12V 
to -15V 
Supplies 
Low Cost Monolithic Construction 
Internal or External Clock 
Triggered or Continuous Conversions 
Short Cycle Capability 


GENERAL DESCRIPTION 
The AD575 is a complete lO-bit successive-approximation 
analog- 


to-digital converter consisting of a DAC, voltage reference, 
clock, comparator, 
successive approximation 
register (SAR) and 
serial interface on a single chip. No additional components are 
required to perform a full-accuracy lO-bit conversion in 30fLS. 


The AD575 incorporates the most advanced integrated circuit 
design and processing technology available. The successive 
approximation 
function is implemented 
with I'L (integrated 
injection logic). Laser trimming of the SiCr thin-film resistor 
ladder network at the wafer stage insures high accuracy, which 
is maintained with a temperature-compensated 
sub-surface zener 
reference. 


Operating on supplies of + 5V and - l2V to - l5V, the AD575 
will accept full scale analog inputs of OV to + 1OV, OV to + 20V, 
- 5V to + 5V or - IOV to + lOV. The rising edge of a positive 
pulse on the CONVERT 
line initiates the conversion cycle. 


Eleven pulses will appear at the CLOCK OUTPUT 
pin with 
data valid on the falling edges of the clock waveform. The data 
is presented serially beginning with the MSB which is valid on 
the falling edge of the second clock pulse. The part may be 
programmed 
to perform 8-bit conversions or short cycled to 2-, 
4-, 6- or 8-bit word lengths. EOC indicates that conversion is 
complete. The AD575 may be synchronized 
to an external clock 


if desired. 


The AD575 is available in two versions for the 0 to + 70·C 
temperature 
range, the AD575J and AD575K; packaging is a 
l4-pin plstic DIP. 
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PRODUCT 
HIGHLIGHTS 
l. The AD575 is a complete lQ-bit AID converter. 
No external 
active components or control signals are required to perform 
a conversion. 


2. The serial output of the AD575 allows a wide range of micro- 


processor interfacing and data transmission 
possibilities. 


3. The device offers true lQ-bit relative accuracy and exhibits 
no missing codes over its entire operating temperature 
range. 


4. The AD575 adapts to unipolar or bipolar analog inputs by 


grounding or opening a single pin. 


5. Performance is guaranteed 
with + 5V and -12V 
or -l5V 
supplies. 


6. The AD575 can be synchronized 
to an external clock. 


7. Conversions can be initiated externally or internally. 
8. The AD575 can be short-cycled to 8 bits by pin 
programming. 


9. The Short Cycle and Tertninate 
feature allows the user to 
program conversions of 2, 4, 6 or 8 bits. 


AD575 -SPECIFICATIONS 
(@ +25°C. v+ = 


AD575J 
AD575K 


, 
I 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
For Which No Missing Codes 
is Guaranteed 
10 
10 
Bits 
TmintoTmax 
9 
10 
Bits 


UNIPOLAR 
OFFSET 
%2 
%1 
LSB 
Tmin to Tmax 
%2 
%1 
LSB 


BIPOLAR 
ZERO 
%2 
%1 
LSB 
TmintoTmax 
%2 
%1 
LSB 


GAIN ERROR 
1 
±2 
%2 
LSB 


GAINDRIFT2 


Tminto +25'C 
±2 
%1 
LSB 
+25'CtoTmax 
±4 
%2 
LSB 


RELATIVE 
ACCURACY' 
%1 
%112 
LSB 
Tmin to Tmax 
%1 
%1/2 
LSB 


POWER 
SUPPLY 
REJECTION' 
Positive Supply: 


+4.5V:5V 
+:5 + 5.5V 
%2 
%1 
LSB 
Negative Supply: 
- 
-15.75V:5V 
-:5 
-14.25V 
%2 
%1 
LSB 
-12.6V:5V 
-:5 
-HAV 
%2 
%1 
LSB 
. 


ANALOG 
INPUT 
IMPEDANCE 
Pin I,Pin2 
6 
10 
14 
6 
10 
14 
kO 


ANALOG 
INPUT 
RANGES 
Unipolar 
OtolO 
OtolO 
V 
.. 
Ot020 
Ot020 
V 
Bipolar 
-5to 
+5 
-5to 
+5 
V 
-lOto 
+10 
-IOto+IO 
V 


OUTPUT 
CODING 
Unipolar 
NEGATIVE 
TRUE 
BINARY 
NEGATIVE 
TRUE BINARY 
Bipolar 
NEGATIVE 
TRUE 
OFFSET 
NEGATIVE 
TRUE OFFSET 
BINARY 
BINARY 


LOGIC OUTPUTS 
(T nUn to T~J 


VOL@lsINK=3.2mA 
0 
0.4 
0 
0.4 
V 
VOH@lsouRcE=O.5mA 
2.4 
5.0 
2.4 
5.0 
V 


LOGIC INPUTS 
(T nUn to T ~ 
IINH@VIN=5V' 
+50 
+50 
fLA 
IINL@V1N=OV' 
-800 
-800 
fLA 
VINH 
2.0 
5.5 
2.0 
5.5 
V 
VINL 
0 
0.8 
0 
0.8 
V 


CONVERSION 
TIME (T minto T max) 


Internal 
Clock 
10 
20 
30 
10 
20 
30 
fLS 
External Clock 
25 
25 
fLS 


POWER 
SUPPLY 
V+ 
+4.5 
+5.5 
+4.5 
+5.5 
V 
V- 
-H.4 
-15.75 
-11.4 
-15.75 
V 


OPERATING 
CURRENT 
V+ 
15 
25 
15 
25 
mA 
V- 
9 
15 
9 
15 
mA 


NOTES 
'Gain Error is specified with a ISO resistor in series with the IOV input (Pins 1and 2 tied together) or a 30n resistor in series with the lOV input 
(Pin 1with Pin 2 tied to analog common). 
Gain Error is guaranteed 
trimmable 
to zero (see text). 
2The gain drift is calculated from gain measurements 
at the extremes of the temperature 
range under consideration. 


JRelative Accuracy. 
also referred to as Integral Linearity. 
is defined as the deviation of the code transition 
points from the ideal transfer points 


on a straight line from zero to full·scale. It is also a measure of the error which remains when offset and full scale errors are trimmed 
to 


zero in an application. 
"Measured 
at full scale. 


5These specifications 
apply to the CONV, 
XCL, and SCAT inputs. CLI is hardwired 
to DGND 
or + Vs in most applications. 
Typically 
IINH = + 3S0JLAand I.NL = 120JLAfor theCLI 
input. 
Specifications 
shown in boldface are tested on all production 
urutsat 
fmal electrical test. Results from those tests are used 


to calculate outgoing quality levels. AUmin and max specifications 
are guaranteed, 
although 
only those shown in boldface 
are tested on all production 
units. 


Specifications 
subject to change without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS 
V + to Digital Common 
. . . . . . . 
V -to 
Digital Common 
. 


Analog Common to Digital Common 
Analog Inputs 
. . 
Control Inputs 
Power Dissipation 


.. 
0 to +7V 


.0 to -16.5V 
..... 
±IV 


(V-) 
-O.3V to +22V 
o to V+ 
. . . . . . .. 
800mW 


FUNCTIONAL 
DESCRIPTION 
A block diagram of the AD575 is shown in Figure I. A conversion 
is initiated by a positive pulse on the CONVERT 
line. EOC 
goes high within 150ns indicating that a conversion has saned. 
The internal IO-bit current-output 
DAC is sequenced by the 
successive approximation 
register (SAR) from most significant 
bit to least significant bit to provide an output current which 
accurately balances the input signal current through the 10kfi 
input resistor(s). The comparator determines whether the addition 
of each successively-weighted 
bit current causes the DAC current 


to be higher or lower than the input current. 
If the sum is less 
the bit is left on (DO set low). If the sum is more, the bit is 
turned off (DO set high). The result of each bit decision is 
passed to DO on the rising edge of CO. 
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3 
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EXTERNAL 
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Package 
Temperature 
Relative 
Model 
Option· 
Range-OC 
Accuracy 


AD575]N 
N-14 
Oto +70 
± ILSBmax 


AD575KN 
N-14 
Oto +70 
±1I2LSBmax • 
After all bits have been tested, the DAC output current will 
match the input signal current to within 0.05% (l/2LSB). 
EOC 
returns low after the final bit decision to indicate that the AD575 
has been reset and is ready to perform a new conversion. The 
output data stream can be synchronized 
to an external clock 
using the XCL input and shon cycled to any desired word 
length using the SCAT line. 


The AD575 contains all the active components 
required to 
perform a complete AID conversion. Thus, for many applications, 
all that is necessary is to connect the power supplies ( + 5V and 
- 12V or - 15V), and the analog input. The pinout is shown in 
Figure 2. 


EXTERNAL 
CLOCK 


SiiOiiiCYCi:E 
AND 
TERMINATE 


ANALOG 
INPUT 
CONNECTIONS 
The AD575 can be configured for unipolar or bipolar operation 
on 10V span or 20V span input signals. The appropriate 
input 


range is selected by connecting pins 2 and 14 according to the 
table of Figure 3. 


The AD575's low offset and gain errors (shown in the Specifica- 
tions) are adequate for most applications. 
For these cases, a 
fIXedgain resistor (R2 in Figure 3) is the only external component, 
in addition to any power supply decoupling that may be required. 
Pins 3 and 13 should be connected directly together. 


Figure 3 shows a trimming circuit that can be used to adjust the 
offset to zero, using the appropriate value of the Rl potentiometer 
as shown in the table. If gain trim is required, 
R2 should also 
be replaced by the appropriate 
potentiometer 
as shown in the 


table. 


ANALOG 
INPUT 
RANGE 
CONNECTIONS 
COMPONENTS 
PIN2 
PIN14 
R, (OFFSET) 
R2IGAIN) 
ovro +10V 
PIN1 
PIN13 
10n 
1SU 
FIXED 
OR son POT 
ovro +20V 
PIN3 
PIN13 
20n 
3011FIXEDOR 
100flPOT 


-SVTO 
+SV 
PIN1 
OPEN 
10n 
15flFIXEDOR50flPOT 
-10VTO 
+10V 
PIN3 
OPEN 
20n 
3Di} FIXED 
OR 10011 POT 


AD575 


DIGITAL 
COMMON 


Figure 3. AD575 
Input 
Circuit 
Showing 
Offset and Gain 
Adjustment 


UNIPOLAR 
MODE 
OPERATION 
In unipolar mode, the nominal location of the low side transition 
of the first code (1111111110) occurs at an input voltage of 
+ ILSB (lOmV for the lOV span, 20mV for the 20V span). The 
offset error of the AD575 can be trimmed out, if required, 
by 
applying an input voltage of + ILSB to the analog input and 
adjusting Rl until the low side transition of the frrst code 
occurs. 


If the Gain Error needs to be trimmed, 
the gain resistor should 
be replaced with a potentiometer 
according to Figure 3. The 
nominal location of the low side transition of the full scale code 
(ס Oס OOOOOOO) 
in unipolar mode is full scale minus lLSB (9.99V 
for lOV span, 19.98V for 20V span). Once the offset has been 
adjusted, the full scale range can be set by adjusting the gain 
potentiometer. 


BIPOLAR 
CONNECTION 
If the bipolar offset control (pin 14) is left open, the AD575 will 
accept bipolar input voltages with OV as the nominal bipolar 
zero point. The input voltage corresponding 
to the low side 
transition of the mid-scale code (0111111111) is -1I2LSB 
(- 5mV 
for 10V spans and -lOmV 
for 20V spans). The nominal location 
of the code transitions are therefore offset by 1I2LSB as shown 
in Figure 4. This offset may be adjusted using the trim scheme 
shown in Figure 3 with a 1.2kO resistor in place of the lkO 
resistor shown. 


Figure 4. AD575 Transfer Characteristic 
(Bipolar 
Operation) 


The gain error should be adjusted after any offset adjustment. 
An input voltage of full scale minus 1 1I2LSBs is applied (4.985V 
for - 5V to + 5V range, 9.971V for -lOV 
to + 10V range) and 
R2 is adjusted until the low-side transition of the full scale code 
(ס oס ooooooo) occurs. 


The bipolar offset control input is not directly TTL compatible, 
but a TTL interface for logic control can be constructed 
as 
shown in Figure 5. 


CONTROL 
AND TIMING 
OF THE AD575 
The AD575 has a flexible control architecture 
which supports 
several operating modes. It can provide its own' clock or it can 
be synchronized to an external clock. Conversions can be initiated 
externally, or the part can perform continuous conversions yielding 
a stream of output data. In addition, the AD575 can be short-cycled 
to any of several convenient data word lengths to tailor the 
output to the specific input requirements 
of the system. Figure 
6 shows the control logic diagram of the AD575. The four inputs 
which control the operation of the AD575 are CONV (convert), 
CLI (clock inhibit), XCL (external clock), and SCAT (short 
cycle and terminate). 
Three outputs are provided: DO (Data 
Out), CO (Clock Out), and EOC (End of Conversion). 


EXTERNALLY 
INITIATED 
CONVERSIONS 
Figure 7 is the timing diagram which illustrates the operation of 
the AD575 with an externally applied convert signal. Conversions 
are initiated by a positive-going pulse applied to the CONV 
(convert) input. This pulse should be at least 250ns wide and 
should return low before EOC returns low to prevent the initiation 
of a second conversion. If the internal clock is used, the clock 
will start on the rising edge of the convert start pulse. If an 
external clock is used, the falling edge of the clock must occur 
no earlier than 900ns following the rising edge of the convert com- 
mand. 


INTERNAL 
CLOCK 
MODE 
The AD575 can be configured for internal clock operation by 
tying CLI and XCL to + 5V. CO (clock output) provides the 
necessary synchronizing 
information in this mode. Data is trans- 
ferred to DO on the rising clock edge and is stable on the falling 
edge. The duty cycle of the CO waveform in this mode will be 
in the range of 30% to 70%. 


EXTERNAL 
CLOCK 
MODE 
When CLI is connected to digital common, an external clock 
can be applied to XCL. The external clock should have a maximum 
frequency of 450kHz with a minimum of 900ns in the high or 
low phase. Arbitrarily slow clocks may be used as long as these 


• 


minimum high and low periods are observed. Conversion time 
will increase as clock frequency decreases. Each data bit will be 
stable within l50ns of the rising edge of the associated external 
clock pulse and will remain stable until the rising edge of the 
subsequent clock pulse. Data is guaranteed to be stable on the 
falling edge of the clock pulse. 


The state of the DO output during the fmt clock period is 
undefmed but it is stable until the rising edge of the second 
clock period. The MSB appears at DO during the second clock 
period. The subsequent 
data bits are then clocked out until the 
Nth bit or LSB is clocked out on the (N + l)th clock pulse. EOC 
returns low within 1SOnsof the rising edge of this fmal clock 
pulse. In internal clock mode, the output clock pulse associated 
with the LSB is shorter than the others but the LSB is guaranteed 
to be stable on the falling edge of this pulse. The LSB will 
remain stable until a new conversion is initiated. The value of N 
will be 10 unless the conversion has been short cycled (see "short 
cycle and terminate" 
text). 
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CONTINUOUS 
CONVERSIONS 
Figure 8 is the timing diagram associated with the continuous 
conversion mode of operation. 
If CONY is high when EOC goes 
low, another conversion will begin immediately. 
EOC will be set 
(high) following the falling edge of the (N + I)" CO pulse and 
conversion commences with the rising edge of the next CO 
pulse. The (N + I)" CO pulse is not shortened in this mode. If 
CONVERT 
is held high the AD575 will put out a continuous 


stream of conversions, 
punctuated 
by EOC which will mark the 
last clock pulse of a conversion. EOC will remain low until the 
falling edge of CO, the output clock, in this mode. Therefore, 
the rising edge of EOC may be used to signal that conversion is 
complete and that data is transferred. 
This sequence is useful 
for initiating parallel dumps from a serially loaded shift register. 
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SHORT 
CYCLE AND TERMINATE 
For normal IO-bit operation, 
the Short Cycle and Tertninate 
(SCAT) line should be tied high. If 8-bit conversions are required, 
SCAT should be tied low. In this mode, EOC will go low after 
the rising edge of the ninth clock pulse to indicate that the 
eighth and final data bit is valid. This mode is useful when 
parallel loads to 8-bit data buses are desired since it avoids the 
complication of suppressing 
the 9th and 10th data bits. 


Conversions of 2, 4, 6 or 8 bits can be performed by pulling 
SCAT low during the negative clock phase prior to the positivl 
clock associated with the desired LSB. Figure 9 illustrates the 
timing associated with this mode of operation. 
For example, to 
terminate the conversion after six data bits, SCAT should be 
driven low during the negative clock phase following the sixth 
clock pulse. EOC will then go low following the rising edge of 
the seventh clock pulse to indicate that the sixth and fmal data 
bit is valid. 


CONTINUOUS 
CONVERSION 
- -- '/ 
",r- 
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This terminate feature can also be used to program conversions 
of I, 3, 5, 7 or 9 bits. However, the conversion immediately 
following a conversion of an odd number of data bits will be 
spurious. All subsequent 
conversions will be nortnal until the 
conversion following another odd data word length conversion. 


The negative edge of the SCAT signal should always occur 
during the negative phase of a clock cycle and it should be held 
low for a minimum of 900ns. SCAT may be held low into the 
next conversion but it must be restored high at least one clock 
cycle prior to being used to tertninate a conversion. If SCAT is 
not restored high prior to the eighth clock pulse, EOC will go 
low and an 8-bit short cycle will occur. Care should be taken 
not to pulse SCAT from high to low between conversions (when 
EOC is low). This would initiate a terminate sequence which 
will execute on the rising edge of the first clock pulse following 
the next Convert command. 
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EXTERNALLY 
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Convert Pulse Width 
tes 
300 
os 
Convert to EOC Delay 
toes 
150 
ns 
CO LSBClock Pulse Width 
tWI. 
400 
ns 
XCL to EOC Reset 
tosx 
50 
150 
ns 
t CO to '" EOC Reset Delay 
(OSI 
20 
150 
ns 


CONTINUOUS 
CONVERSIONS 


'" XCL to '" EOC Reset Delay 
tOCL 
50 
150 
i' XCL to •••EOC Delay 
tOCH 
50 
1000 


INTERNAL 
CLOCK TIMING 


Conversion 
Time 
tee 
10 
20 
30 
CO to DO Output Delay 
tODI 
-100 
+100 


EXTERNAL 
CLOCK TIMING 


Conversion 
Time 
tee 
25 
f10S 
•••XCL to DO Output 
toox 
30 
150 
ns 
XCL to CO Output 
toxc 
30 
160 
ns 


'" Convert to '" XCL 
tDOC 
900 
ns 
Set-UpTime 
XCLPeriod 
teE 
2.2 
p.s 
XCLHigh 
teH 
900 
ns 
XCLLow 
teL 
900 
ns 


SHORT CYCLE TIMING 


SCAT Pulse Width 
tsew 
900 
ns 


SAMPLE-HOLD 
AMPLIFIER 
CONNECTION 
TO THE 
AD575 
Many data acquisition systems for digitizing rapidly changing 
signals require a sample-hold amplifier (SHA) in front of the 
AID converter. A SHA can be used to accurately defme the 
exact point in time at which the signal is sampled. A SHA can 
also serve as a high input-impedance 
buffer for the AD575. 


Figure 10 shows the AD575 connected to the AD585 monolithic 
SHA. In this configuration, 
the AD585 will acquire a IOV signal 
in less than 2ILs and droop less than ImV/ms using the on-chip 
hold capacitor. 


EOC goes high after the conversion is initiated to indicate that a 
conversion is underway. 
In Figure 10 it is also used to put the 
AD585 into the hold mode while the AD575 begins its conversion 
cycle. (The AD585 output settles to fmal value well in advance 
of the first comparator decision within the AD575.) EOC goes 
low when the conversion is complete placing the AD585 back in 
the sample mode. 


Configured as shown in Figure 10, the next conversion can be 
initiated after a 2ILs delay to allow for signal acquisition by the 
AD585. 
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SUPPLY DECOUPLING 
AND LAYOUT 
For proper operation, 
the AD575's power supplies should be 
free from high-frequency 
noise. The stability of the transfer 
function is especially sensitive to noise on the V - 
supply. Noise 
on the V + supply can also propagate to the digital outputs. 


If decoupling is required, 
tantalum capacitors are suggested. 
Best results will be obtained if the capacitors are connected 
directly to the appropriate 
pins of the AD575. Decoupling 
capacitors for V - should be connected between pin 4 and Analog 
Common (pin 3). Decoupling capacitors for V + should be 
connected between pin 12 and Digital Common (pin 13). 


Good circuit layout practice suggests that the AD575 and its 
associated analog input circuitty be kept separate from system 
logic circuitty to avoid unwanted interactions. 


GROUNDING 
CONSIDERATIONS 
The AD575 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
± 200mV of common-mode 
voltage between the two commons. 


The absolute maximum voltage rating between the two commons 
is ± 1V. A parallel pair of back-to-back protection diodes should 
be connected between the commons if they are not connected 
locally. 


In nortnal operation, 
the Analog Common tertninal may generate 
transient currents of up to 2mA during a conversion. In addition, 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 


AD575 TO 8085 INTERFACE 
The 8085 has both serial output (SOD) and serial input (SID) 
capability. A simple 3 hardware line interface can be constructed 
between the AD575 and 8085. These leads can be opto-coupled 
in order to establish galvanic isolation between the two devices 
as shown in Figure II. 


The software routine in Table II will read a complete Io-bit 
data word from the AD575 in 180",s (3MHz 8085). The software 
generates the clock for the AD575 in order to synchronize the 
data output with the 8085 serial read operation. 


The DATA procedure 
loads appropriate 
constants into the 8085 
registers and initiates the conversion. The CONV procedure 
assumes that the AD575 clock was in the high state when the 
CONVERT 
pulse was generated (upon completion, 
this sample 
routine leaves the SOD line in the appropriate 
state to insure 
this). A low clock pulse is generated, 
and the data bit is read 
into the MSB of the accumulator. 
The data bit is then shifted 
into the LSB of the temporaty 
register (L), the clock is set 
high, and the procedure 
is repeated. 


After the loop has executed three times, a logical AND is performed 
to set the first bit (the undefmed bit) to zero, and the result is 
placed into the high byte (H) register. The loop counter is then 
reset, and the CONV procedure is executed 8 more times. Upon 
completion of the sample routine, 
10 bits of right-justifteddata 
will reside in the HL register pair. 


Note that the opto-isolators 
invert the clock and data lines. If 
these are not used (no inversion present), 
the constants in the D 
and E registers should be swapped, a CMA instruction should 
be inserted after the RIM instruction, 
and an inverter should be 
connected between the address decoder and the CONVERT 
pin. Also, the results of the first pass through the routine should 
be ignored following power up and reset cycles to insure that 
the AD575 has been reset. 


~ 
ISOLA TED COMMON 
\l 
LOCAL 
COMMON 


LABEL 
MNEMONIC 
OPERAND 
COMMENT 


DATA 
MYI 
B,03 
Set inner loop counter to 3 


MYI 
C,02 
Set outer loop counter to 2 
MYI 
D,CO 
Setup register D for clock low 
MYI 
E,40 
Setup register E for clock high 
MYI 
H,IO 
AD575 address location 
MYI 
L,OO 
Clear temp register 


MOY 
M,B 
GenerateCONYERT 
pulse 


CONY 
MOY 
A,D 
Setup ACC for clock low 
SIM 
Output clock low 
RIM 
Read AD575 data bit into Ace 
RAL 
Shift data bit into Carry 
MOY 
A,L 
Move temp to Ace 
RAL 
Shift data bit from Carry to Ace 
MOY 
L,A 
Replace temp 
MOY 
A,E 
Setup Ace for clock high 
SIM 
Output clock high 
OCR 
B 
Decrement inner loop counter 


JNZ 
CONY 
Repeat CONY until done 


OCR 
C 
Decrement outer loop counter 
JZ 
DONE 
Skip to DONE on 2nd paas 


MOY 
A,L 
Move temp to ACC 
ANI 
03 
Mask undefmed bit 
MOY 
H,A 
Store temp in H register 


MYI 
B,OB 
Set inner loop counter to 8 
JMP 
CONY 
Repeat CONY for 8 LSBs 


DONE 
RET 
10birsof right-justified data 
now reside in HL; return 


Table II. Sample Assembly 
Code for AD575 to BOB51solated 
Interface 


~ANALOG 
WDEVICES 


I 


FEATURES 
Performance 
Complete 12-Bit AID Converter with Reference and 
Clock 
Fast Conversion: 3 •.•S (maxI 
Buried Zener Reference for Long Term Stability and 
Low Gain T.C.: ±30 ppm/·C max (AD578) 
±40 ppm/·C max (AD5791 
Max Nonlinearity: <±0.012% 
No Missing Codes Over Temperature 
Low Power: 555 mW (AD578); 775 mW (AD5791 
Available to MIL-STD-883 


Versatility 
Positive-True Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision +10 V Reference for External Applications 
Adjustable Internal Clock 
·Z· 
Models for ±12 V Supplies 


GENERAL DESCRIPTION 
The AD578 and AD579 are high speed 12-bit and IO-bit succes- 
sive approximation 
analog-to-digital converters that include in- 
ternal clock, reference, and comparator. 
Their hybrid design 
utilizes MSI digital and linear ICs in conjunction with a 12-bit 
or IO-bit monolithic, monotonic DAC to provide superior per- 
formance and versatility with IC size, price, and reliability. 


Important 
performance characteristics of the AD578 include 


±lf2 LSB.2 linearity error maximum at +25·C, maximum gain 
tempco of ±30 ppmfOC, and maximum conversion time of 3 fLS 
at a typical power dissipation of 555 mW. The IO-bit AD579 
provides ± 1/2 LSBIO maximum linearity error at 1.8 fLS maxi- 
mum, and 775 mW typical Po. 


Both the AD578 and AD579 include scaling resistors that pro- 
vide analog input signal ranges of ± 5 V, ± 10 V, and 0 to 
+ 10 V. Both are contained in 32-pin ceramic side-brazed 
DIP packages, and are available with MIL-STD-883 
Class B 
processing. 


Very Fast, Complete 
10- or 12-Bit AID Converters 


AD578/AD579 
I 


-15V • 


ANALOG 
GND 


'""' 
0- 
lOV SPAN 
INPUT 
ffi 
> 
BIPOLAR OFFSET 
Z0",; 
0 


SERIAL OUT 


EOC 


CLOCK OUT 


CLOCK 
ADJ 


PRODUCT 
HIGHLIGHTS 
1. Both are complete analog-to-digital converters. No external 
components are required to perform a conversion. 


2. The fast conversion rates-3 
fLS for the AD578, and 1.8 
fLS 
for the AD579-make 
them ideal candidates for high speed 
data acquisition systems requiring high throughput. 


3. The internal buried Zener reference is laser trimmed to high 
initial accuracy and low T.C. and is available externally. 


4. Precision thin film scaling resistors on the DAC provide for 
excellent thermal tracking. 


5. Short cycle and external clock capabilities are provided for 
applications requiring faster conversion speeds and/or lower 
resolution. 


AD578/AD579 -SPECIFICATIONS 
(typical @ +25°C, ±15 V and +5 V unless otherwise noted) 


Model 
ADS78} 
ADS78K 
AD578L 
ADS78SD' 
ADS78TD' 


RESOLUTION 
, 
12 Bits 
· 
· 
· 
· 


ANALOG 
INPUTS 


Voltage 
Ranges 


Bipolar 
±5.0V, 
±lOV 
· 
· 
· 
· 
Unipolar 
Oto 
+IOV,Oto 
+20V 
· 
· 
· 
· 
Input 
Impedance 


Oto 
+IOV, 
"'5V 
5 kO 
· 
· 
· 
· 
"'IOV,Oto 
+20V 
10 kO 
· 
· 
· 
· 
DIGITAL 
INPUTS 


Convert 
Commandl 
1 LSTTL 
Load 
· 
· 
· 
· 
Clock Input 
I LSTTL 
Load 
· 
· 
· 
· 
TRANSFER 
CHARACTERISTICS 
Gain Error3, 
.• 
"'0.1% 
FSR, 
"'0.25% 
FSR max 
· 
· 
· 
· 
Unipolar 
Offset" 
"'0.1% 
FSR, 
"'0.25% 
FSR max 
· 
· 
· 
· 
Bipolar 
Error4, 
5 
±O.l% 
FSR, 
±O.2S% 
FSR 
Max 
· 
· 
· 
· 
Linearity 
Error, 
+ 25°C 
±l/2 
LSB Max 
· 
· 
· 
· 
Tmin to Tmax 
"'3/4 LSB 
· 
· 
"'3/4 LSB max 
"'3/4 LSB max 


DIFFERENTIAL 
LINEARITY 
ERROR 


(Minimum 
resolution 
for which 
no 
missing 
codes are guaranteed) 
+25*C 
12 Bits 
· 
· 
· 
· 
Tmin to Tmax 
12 Bits 
· 
· 
· 
· 
POWER 
SUPPLY 
SENSITIVITY 
+15V",10% 
0.005%/%.1. 
V s Max 
· 
· 
· 
· 
-15V±lO% 
0.005%/%A VS max 
· 
· 
· 
* 
+5 V ±10% 
0.005%/%AV 
S max 
* 
* 
* 
* 


TEMPERATURE 
COEFFICIENTS 
Gain 
'" 15 ppm/*C 
typ 
* 
· 
* 
* 
±30 ppm/"C 
Max 
* 
· 
'" 50 ppm/*C 
max 
'" 30 ppm/*C 
max 
Unipolar 
Offset 
±3 ppm/*C 
typ 
* 
· 
· 
* 


± 10 ppm/"C Max 
* 
· 
± IS ppm/"C 
Max 
± 10 ppmrc 
Max 
Bipolar 
Offset 
±8 ppm/*C 
typ 
* 
· 
* 
· 
± 20 ppmf'C 
Max 
* 
· 
±2S ppm/"C 
Max 
±20 pprnrc Max 
Differential 
Linearity 
±2 ppm/*C 
typ 
* 
· 
* 
· 


CONVERSION 
TIME" 
7, , (max) 
6.0 liS 
4.5 
liS 
3 liS 
6.0 liS 
4.5 liS 


PARALLEL 
OUTPUTS 


Unipolar 
Code 
Binary 
* 
· 
* 
* 
Bipolar 
Code 
Offset 
BinaryfTwos 
Complement 
* 
· 
· 
* 


Output 
Drive 
2 LSTTL 
Loads 
* 
* 
* 
* 


SERIAL 
OUTPUTS 
(NRZ 
FORMAT) 


Unipolar 
Code 
Binary/Complementary 
Binary 
· 
· 
· 
* 
Bipolar 
Code 
Offset 
Binary/Comp. 
Offset 
Binary 
* 
· 
· 
* 
Output 
Drive 
2 LSTTL 
Loads 
* 
· 
· 
* 


END 
OF CONVERSION 
(EOC) 
Logic "1" During 
Conversion 
· 
· 
* 
* 


Output 
Drive 
8 LSTTL 
Loads 
· 
· 
* 
* 


INTERNAL 
CLOCK' 
Output 
Drive 
2 LSTTL 
Loads 
· 
* 
· 
* 


INTERNAL 
REFERENCE 


Voltage 
10.000 
'" 100 mV 
· 
* 
· 
* 
Drift 
± 12 ppm/*C, 
"'20 ppm/*C 
max 
· 
* 
· 
* 
External 
Current 
::tl mA max 
· 
* 
· 
· 
POWER 
SUPPLY 
REQUIREMENTS' 
Range 
for Rated 
Accura.:y 
4.75 to 5.25 and 
::t13.5 to ::t16.5 
· 
· 
* 
· 
Supply 
Current 
+15 V 
5 mA typ, 
8 mA max 
· 
· 
* 
* 


-15 
V 
22 mA typ, 
35 mA max 
· 
· 
* 
* 


+5 V 
30 mA typ", 40 mA max 
· 
· 
* 
* 
Power 
Dissipation 
555 mW typ 
* 
* 
· 
· 
TEMPERATURE 
RANGE 
Operating 
o to +70°C 
· 
· 


-55*C 
to + 125*C 
- 55*C to + 125*C 


Storage 
-'65*C to + 150*C 
· 
· 
· 
* 


NOTES 


IAvailable 
to MIL-STD-883, 
Level B. See ADI Military 
Products 
Databook 
for detail 
specifications. 


2Positive pulse 200 ns wide (min) leading 
edge (0 to I) resets outputs. 
Trailing 
edge initiates 
conversion. 


3With SOn, 1% fixed resistor 
in place of gain adjust 
potentiometer. 


4Adjustable 
to zero. 


SWith 50 n, 1% resistor 
between 
Ref Out ltnd Bipolar 
Offset (Pins 24 & 26). 


6Conversion 
time is defined 
as the time between 
the falling edge of convert 
start and the falling edge of the EOC. 


7Each grade 
is specified 
at the conversion 
speed shown. 


8Externally 
adjustable 
by a resistor 
or capacitor 
(see Figure 
6). 


'For "z" models 
order 
AD578Z), 
ZK, 
ZL (",11.6 
V to "'16.5 
V). 


·Specifications 
same as AD578J. 


Specifications 
subject 
to change 
without 
notice. 


Model 
AD579JN 
AD579KN 
AD579TD' 


RESOLUTION 
10 Bits 
· 
· 
ANALOG INPUTS 
Voltage 
Ranges 
· 
· 
Bipolar 
±S.O V) ±10 
V 
Unipolar 
Oto +IOV,Oto 
+20V 
· 
· 
Input Impedance 
· 
· 
o to + 10 V, :5 V 
5 kn (:20%) 
±lOV,Oto+20V 
10 kn (:20%) 
· 
· 
DIGITAL INPUTS 
Convert Command2 
I LSTTL Load 
· 
· 
Clock Input 
I LSTTL Load 
· 
· 
TRANSFER CHARACTERISTICS 
Gain 
Error3• 
4 
:0.1% FSR (:0.25% 
FSR max) 
· 
· 
Unipolar 
Offset) 
:0.1 % FSR (:0.25% 
FSR max) 
· 
· 
Bipolar Error3 •.• 
:0.1% FSR (:0.25% 
FSR max) 
· 
· 
Linearity 
Error) + 25°C 
:112 LSB max 
· 
· 
Tmin 
to Tmax 
:314 LSB 
· 
· 
DIFFERENTIAL 
LINEARITY ERROR 


(Minimum 
resolution 
for which no 
missing 
codes are guaranteed) 
· 


+25°C 
10 Bits 
· 
Tm,n to Tmall 
10 Bits 
· 
· 
POWER SUPPLY SENSITIVITY 


+15V:IO% 
0.OO5%1%<l. 
Vs max 
· 
· 
-15 V :10% 
0.OO5%1%<l.Vs 
max 
· 
· 
+5 V :10% 
O.OOl%/%6.vs 
max 
· 
· 
"z" Versions 
+12 V :5% 
0.OO7%1%<l.Vs 
max 
· 
· 
-12 V :5% 
0.OO7%1%<l. 
Vs max 
· 
· 
TEMPERATURE COEFFICIENTS 


Gain 
:25 ppntrC typ 
· 
· 
±40 pp~C 
max 
· 
· 
Unipolar 
Offset 
:5 ppntrC typ 
· 
· 
± IS ppmf'C 
max 
· 
· 
Bipolar Orrset 
:8 ppntrC typ 
· 
· 
± 20 ppmf'C 
max 
· 
· 
Differential 
Linearity 
:2 
ppntrC typ 
· 
· 
CONVERSION TIME" 
6 (max) 
2.2 jJ.S 
1.8 jJ.s 
.. 
Conversion 
Time T m,n to T mu; 
2.4 jJ.S 
2.0 jJ.S 
.. 


PARALLEL OUTPUTS 


Unipolar 
Code 
Binary 
· 
· 
Bipolar Code 
Offset BinaryfTwos 
Complement 
· 
· 
Output 
Drive 
2 LSTTL Load, 
· 
· 
SERIAL OUTPUTS (NRZ FORMAT) 


Unipolar 
Code 
Binary/Complementary 
Binary 
· 
· 
Bipolar Code 
Offset Binary/Comp. 
Offset Binary 
· 
· 
Output 
Drive 
2 LSTTL Loads 
· 
· 
END OF CONVERSION (EOC) 
Logic" 
I" During 
Conversion 
· 
· 
Output 
Drive 
8 LSTTL Loads 
· 
· 
INTERNAL CLOCK' 


Output 
Drive 
2 LSTTL Loads 
· 
· 
INTERNAL REFERENCE 
Voltage 
10.000 : 10 mV typ 
· 
· 
Temperature 
Coefficient 
15 ppntrC 
· 
· 
External Currem 
:t:l mA max 
· 
· 
POWER SUPPLY REQUIREMENTS 


Range for Rated Accuracy 
4.75 to 5.25 and: 
13.5 to : 16.5 
· 
· 
Z Models' 
4.75 to 5.25 and :t:l1.4 
to :t:16.5 
· 
· 
Supply Current 
+15 V 
5 mA tYPI 8 mA max 
· 
· 
-15 V 
22 mA tYPI 35 mA max 
· 
· 
+5 V 
100mA typ, 150mA max 
· 
· 
Power Dissipation 
775 mW lyp 
· 
· 
TEMPERATURE RANGE 
Operating 
o to +70"C 
· 
-55°C to + 125°C 


Storage 
-65°C to + 150°C 
· 
· 
NOTES 
lAvailable 
to MIL-STD-883. 
Level B. See ADI Military Products Databook 
for detail specifications. 
2Positive pulse 200 ns wide (min) leading edge (0 to I) resets outputs. 
Trailing edge initiates conversion. 


3With SO ill 1% fixed resistor in place of gain adjust potentiometer. 
-4Adjustable to zero. 
5With 50 n. I% resistor between 
Ref Out and Bipolar Offset (Pins 24 & 26). 


6Conversion time is defined as the time between the falling edge of convert stan and the falling edge of the EOC. 
7Each grade is specified 
at the conversion 
speed shown. 
See Figure 7 for appropriate connections. 
8Externally adjustable by a resistor or capacitor. 
'For "z" models order AD579Z]N, AD579ZKN or AD579ZTD. 
*Specifications 
same as AD579JN. 
"Specifications 
same as AD579KN. 


Specifications 
subject 
to change 
without 
notice. 


• 


Conversion 
Temperature 
Package 


Model 
Resolution 
Speed 
Range 
Option' 


AD578JN 
(JD) 
12 Bits 
6.0 f.LS 
O°C to +70°C 
DH-32B 


AD578KN 
(KD) 
12 Bits 
4.5 f.LS 
O°C to +70°C 
DH-32B 


AD578LN 
(LD) 
12 Bits 
3.0 f.LS 
O°C to +70°C 
DH-32B 


AD578SD 
12 Bits 
6.0 f.LS 
- 55°C to + 125°C 
DH-32B 


AD578TD 
12 Bits 
4.5 f.LS 
-55°C 
to + 125°C 
DH-32B 
AD578SD/883B 
12 Bits 
6.0 f.LS 
-55°C 
to + 125°C 
DH-32B 
AD578TD/883B 
12 Bits 
4.5 
f.LS 
- 55°C to + 125°C 
DH-32B 


AD579JN 
10 Bits 
2.2 f.Ls 
O°C to +70°C 
DH-32B 


AD579KN 
10 Bits 
1.8 f.LS 
O°C to +70°C 
DH-32B 


AD579TD 
10 Bits 
1.8 f.LS 
- 55°C to + 125°C 
DH-32B 
AD579TD/883B 
10 Bits 
1.8 f.LS 
- 55°C to + 125°C 
DH-32B 


NOTES 
IFor :t 12 V operation "Z" Version, order AD578ZTD 
2Por outline information see Package Information section. 


THEORY 
OF 
OPERATION 
The 
AD578 
is a complete 
pretrimmed 
l2-bit 
AID converter 
which 
requires 
no external 
components 
to provide 
the 


successive-approximation 
analog-to-digital 
conversion 
function. 


A block 
diagram 
of the AD578 
is shown 
in Figure 
1. 


lOV 
SPAN 
INPUT 


BIPOLAR 
OFFSET 


GAIN (REF INI 


Figure 
1. AD578/AD579 Functional 
Block Diagram 
and Pinout 


When 
the control 
section 
is commanded 
to initiate 
a conversion 
it enables 
the clock 
and 
resets 
the successive-approximation 
reg- 
ister 
(SAR). 
The 
SAR, 
timed 
by the clock, 
sequences 
through 
the conversion 
cycle 
and 
returns 
an end-of-convert 
flag to the 
control 
section. 
The 
control 
section 
disables 
the clock 
and 
brings 
the output 
status 
flag low. 
The 
data 
bits are valid 
on the 
falling 
edge 
of the clock 
pulse 
starting 
with 
tl and ending 
with 
t12 (Figure 
2), and 
accurately 
represent 
the input 
signal 
to 
within 
± 1/2 LSB. 


~ 
1-4-2OOns, min 


CONVERT n 
START --I I 
2OO0s __ 
1 
~ 


CLOCK 
I 
: 
--l 
l--'OOn. 
__ !I__ 10n. 


EOe ~--'~-.---------I 
I 


BIT1~ 
L- 


BIT2. 
U 


BIT3 
• 
I~ 
~I 


81T4 R 


BITS 
~ 


81T6 
~ 


BIT7 m 


BIT8 d 


8119 
• 


U 
I~~ 
~I 
U 


_1 
1 
u 
U 


_1 
1 
uu 


CLOCK 
INTERNAL: 
CONNECT 
CLOCK 
OUT (18) TO CLOCK 
IN (19) 
EXTERNAL: 
CONNECT 
EXTERNAL 
CLOCK 
TO CLOCK 
IN (19) 
CLOCK 
SHOULD 
BE AT 
lEAST 
30% DUTY 
CYCLE 
WITH 
MINIMUM PERIOD, 
TMIN OF lOOns. 


NOTE 
'THE 
RISING 
EDGE 
OF CONVERT 
START 
PULSE 
RESETS 
THE MSB TO ZERO, 
ANO 
THE 
LSD, 
TO ONE. 
THE 
TRAILING 
EOGE 
INITIATES 
CONVERSION. 


CONVERSION 
TIME 


GATED 
CLOCK 


to 
'I 
" 
roc 
--:IJ 
'00n. 
250. 
~ ~75n.: 


BIT 1 
~ 
(MSBI 


BIT 2 
~ 


BIT 3 
~ 


BIT 4 
~ 
U 


BIT 5 
~ 
I 


BIT 6 
~ 
U 


BIT 7 
~ 
I 


BIT 8 
~ 
U 


BIT 9 
~ 
U 


BIT 10 
~ 
U 


SERIAL 
B8 ! B9 iB1O! 


CLOCK 
INTERNAL: 
CONNECT CLOCK OUT 1181TO CLOCK IN (19) 
EXTERNAL: 
CONNECT EXTERNAL 
CLOCK TO CLOCK IN 1191 
CLOCK SHOULD BE AT LEAST 30% DUTY CYCLE WITH 
MINIMUM 
PERIOD. TMIN OF 100.n. 


Figure 2b. AD579 Timing Diagram 


The temperature-compensated 
buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excel- 
lent stability with both time and temperature. 
The reference is 


trimmed to 10.00 volts ± 1.0%, it is buffered and can supply up 
to 1.0 mA to an external load in addition to the current required 
to drive the reference input resistor (0.5 mAl and bipolar offset 
resistor (1 mAl. The thin-fllm application resistors are trimmed 
to match the full scale output current of the DAC. There are 
two 5 kO input scaling resistors to allow either a 10 volt or 20 


volt span. The 10 kO bipolar offset resistor is grounded for uni- 
polar operation or connected to the 10 volt reference for bipolar 
operation. 


UNIPOLAR 
CALIBRATION 
The AD578/AD579 is intended to have a nominal 1/2 LSB off- 
set so that the exact analog input for a given code will be in the 
middle of that code (halfway between the transitions to the 
codes above and below it). Thus, when properly calibrated, the 
first transition (fromסס ooסס ooסס oo toסס ooסס oo 0001) will 
• 
occur for an input level of + 1/2 LSB. 


If Pin 26 is connected to Pin 30, the unit will behave in this 
manner, within specifications. Refer to Table I, Table II, and 
Figure 3 for further clarification. If the offset trim (Rl) is used, 
it should be trimmed as above, although a different offset can be 
set for a particular system requirement. 
This circuit will give 
approximately 
±25 mV of offset trim range. 


The full scale trim is done by applying a signal 1 1/2 LSB below 
the nominal full scale. Trim R2 to give the last transition (1111 
11111110 to 111111111111). 


BITS 
1-12 
(ADS78) 


BITS 1-10 
(AD579) 


r-- 
I 
I 
L 
~ 


Digital Output Code 
Analog Input-Volts 
(Binary For Unipolar 
Ranges; 
(Center of Quantization 
Interval) 
Offset Binary for Bipolar Ranges) 


Oto+1OV 
o to +20 V 
-5 V to +5 V 
-10 V to +10 V 
BI 
BI2 
Range 
Range 
Range 
Range 
(MSB) 
(LSB) 


+9.9976 
+ 19.9951 
+4.9976 
+9.9951 
111111111111 


+9.9952 
+ 19.9902 
+4.9952 
+9.9902 
111111111110 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
+5.0024 
+ 10.0049 
+0.0024 
+0.0049 
100000000001 
+5.0000 
+ 10.0000 
+0.0000 
+0.0000 
100000000000 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
+0.0024 
+0.0051 
-4.9976 
-9.9951 
000000000001 


+0.0000 
+0.0000 
-5.0000 
-10.0000 
000000000000 


Digital Output Code 
Analog Input-Volts 
(Binary For Unipolar 
Ranges; 
(Center of Quantization 
Interval) 
Offset Binary for Bipolar Ranges) 


o to +10 V 
o to +20 V 
-5 V to +5 V 
-10 V to +10 V 
BI 
BI2 
Range 
Range 
Range 
Range 
(MSB) 
(LSB) 


+9.9902 
+19.9804 
+4.9902 
+9.9804 
I I I I I I I I I I I I 
+9.9804 
+19.9609 
+4.9804 
+9.9609 
I I I I I I I I I I I 0 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
+5.0097 
+ 10.0195 
+0.0097 
+0.0195 
100000000001 
+5.0000 
+ 10.0000 
+0.0000 
+0.0000 
100000000000 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
+0.0097 
+0.0195 
-4.9902 
-9.9804 
000000000001 
+0.0000 
+0.0000 
-5.0000 
-10.0000 
000000000000 


BIPOLAR OPERATION 
The connections for bipolar ranges are shown in Figure 4. 
Again, as for the unipolar ranges, if the offset and gain specifi- 
cations are sufficient the 100 n trimmer shown can be replaced 
by a 50 n ±I% fixed resistor. The analog input is applied as for 
the unipolar ranges. Bipolar calibration is similar to unipolar 
calibration. First, a signal 1/2 LSB above negative full scale is 
applied, and RI is trimmed to give the first transition (0000 
00000000 to 0000 0000 0001). The a signal I 1/2 LSB below 
positive full scale is applied and R2 trimmed to give the last 
transition (1111 1111 1110 to 1111 1111 1111). 


BITS 1-12 
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LAYOUT 
CONSIDERATION 
Many data-acquisition 
components have two or more ground 
pins which are not connected together within the device. These 
"grounds" 
are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, usu- 
ally at the system power-supply ground. Ideally, a single solid 
ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, 
hundreds 


of millivolts can be generated between the system ground point 
and the ground pin of the AD578 or AD579. Separate ground 
returns should be provided to minimize the current flow in the 
path from sensitive points to the system ground point. In this 
way supply currents and logic-gate return currents are not 
summed into the same return path as analog signals where they 
would cause measurement 
errors. 
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Each of the AD578 or AD579 supply terminals should be capac- 
itively decoupled as close to the ADC as possible. A large value 
capacitor such as 10 fLFin parallel with a 0.1 fLF capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Digi- 
tal GND pin. 


To minimize noise the reference output (Pin 24) should be de- 
coupled by a 6.8 fLFcapacitor to Pin 30. 


CLOCK RATE CONTROL 
The internal clock is preset to a nominal conversion time of 
5.6 fJ-S(AD578) or 4.8 fJ-S(AD579). It can be adjusted for either 
faster or slower conversion rates. For faster conversions connect 
the appropriate 
1% resistor between Pins 17 and 18, and short 
Pin 18 to Pin 19. See Figure 6 or 7. 


For slower conversions (AD578 only) connect a capacitor be- 
tween Pins 15 and 17. 


NOTE: No-Missing-Code 
operation is not guaranteed when op- 
erating in this mode if a particular grade's conversion speed 
specification is exceeded. 
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Short Cycle Input - A short cycle input, Pin 14, permits the 
timing cycle to be terminated after any number of desired bits 
has been converted, allowing shorter conversion times in appli- 
cations not requiring the full lO-bit (AD579) or 12-bit (AD578) 
resolution. Short cycle pin connections and associated conver- 
sion times are summarized in Tables III and IV. 


Resolution (Bits) 
12 
10 
8 


Connect Pin 14 to Pin 
16 
2 
4 


Conversion Speed (fJ-s) 
3 
2.5 
2 • 


Resolution (Bits) 
10 
8 


Connect Pin 14 to Pin 
2 
4 


Conversion Speed (fJ-s) 
1.8 
1.5 


External Clock-An 
external dock may be connected directly to 


the clock input, Pin 19. When operating in this mode, the 
convert start should be held high for a minimum of one clock 
period in order to reset the SAR and synchronize the conversion 
cycle. A positive going pulse width of 100 to 200 nanoseconds 
will provide a continuous string of conversions that start on the 
first rising edge of the external clock after the EOC output has 
gone low. 


External Buffer Amplifier-In 
applications where the AD578 is 


to be driven from high impedance sources or directly from an 
analog multiplexer a fast slewing, wideband op amp like the 
AD711 should be used. 
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FEATURES 
Complete 8-Bit Signal Conditioning 
AID Converter 
Including 
Instrumentation 
Amp and Reference 
Microprocessor 
Bus Interface 
101'-5 Conversion 
Speed 
Rexible Input Stage: Instrumentation 
Amp Front End 
Provides Differential 
Inputs and High Common-Mode 
Rejection 
No User Trims Required 
No Missing Codes Over Temperature 
Single +5V Supply Operation 
Convenient 
Input Ranges 
2D-Pin DIP or Surface-Mount 
Package 
Low Cost Monolithic 
Construction 
MIL-STD-883B Compliant 
Versions Available 


GENERAL 
DESCRIPTION 
The AD670 is a complete 8-bit signal conditioning analog-to-digital 
converter. 
It consists of an instrumentation 
amplifier front end 


along with a DAC, comparator, 
successive approximation 
register 


(SAR), precision voltage reference, and a three-state output 
buffer on a single monolithic chip. No external components or 
user trims are required to interface, with full accuracy, an analog 
system to an 8-bit data bus. The AD670 will operate on the 
+ 5V system supply. The input stage provides differential inputs 
with excellent common-mode 
rejection and allows direct interface 
to a variety of transducers. 


The device is configured with input scaling resistors to permit 
two input ranges: 0 to 255mV (ImVILSB) and 0 to 2.55V 
(lOmV/LSB). The AD670 can be configured for both unipolar 
and bipolar inputs over these ranges. The differential inputs and 
common-mode rejection of this front end are useful in applications 
such as conversion of transducer signals superimposed on common- 
mode voltages. 


The AD670 incorporates 
advanced circuit design and proven 
processing technology. The successive approximation 
function is 


implemented 
with I2L (integrated injection logic). Thin-fIlm 
SiCr resistors provide the stability required to prevent missing 
codes over the entire operating temperarure 
range while laser 


wafer trimming of the resistor ladder permits calibration of the 
device to within ± lLSB. Thus, no user trims for gain or offset 
are required. 
Conversion time of the device is lOlLS. 


Low Cost Signal 
Conditioning a-Bit ADC 


AD670 
I 
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The AD670 is available in four package types and five grades. 
The J and K grades are specified over 0 to + 70°C and come in 
2a-pin plastic DIP packages or 2a-terminal 
PLCC packages. 


The A and B grades (- 40°C to + 85OC)and the S grade ( - 55°C 
to + 125°C) come in 2a-pin ceramic DIP packages. 


The S grade is also available with optional processing to MIL-STD- 
883 in 20-pin ceramic DIP or 20-terminal LCC packages. The 
Analog Devices Military Products Databook should be consulted 
for detailed specifications. 


PRODUCT 
HIGHLIGHTS 
1. The AD670 is a complete 8-bit AID including three-state 
outputs and microprocessor 
control for direct connection to 


8-bit data buses. No external components 
are required to 


perform a conversion. 


2. The flexible input stage fearures a differential instrumentation 


amp input with excellent common-mode 
rejection. This 


allows direct interface to a variety of transducers 
without 
preamplification. 


3. No user trims are required for 8-bit accurate performance. 
4. Operation 
from a single + 5V supply allows the AD670 to 
run off of the microprocessor's 
supply. 


5. Four convenient input ranges (two unipolar and two bipolar) 


are available through internal scaling resistors: 0 to 255mV 
(lmVILSB) 
and 0 to 2.55V (lOmV/LSB). 


6. Software control of the output mode is provided. The user 
can easily select unipolar or bipolar inputs and binaty or 2's 
complement 
output codes. 


AD670-SPECIFICATIONS 
(@Vcc 


Model 
AD670J 
AD670K 
MiD 
Typ 
Max 
Min 
Typ 
Max 
Units 


OPERATING TEMPERATURE 
RANGE 
0 
+70 
0 
+70 
"C 


RESOLUTION 
8 
8 
Bit 


CONVERSION TIME 
10 
10 
~s 


RELA T!VE ACCURACY 
±I/2 
%1/4 
LSB 


TminlOTmu 
±1/2 
±1/2 
LSB 


DIFFERENTIAL 
LINEARITY 
ERROR I 


TminlOTmu 
GUARANTEED 
NO MISSING CODES ALL GRADES 


GAIN ACCURACY 


@+25"C 
±l.S 
±0.75 
LSB 


TmintoTmu 
±2.0 
±1.0 
LSB 


UNIPOLAR ZERO ERROR 


@+Z5"C 
±1.5 
:to.15 
LSB 


TminlOTmu 
±2.0 
±1.0 
LSB 


BIPOLAR ZERO ERROR 


@+25"C 
:t1.5 
±0.75 
LSB 


TminlOTmu 
±2.0 
±I.O 
LSB 


ANALOG INPUT RANGES 
DIFFERENTIAL(-VIN[Q 
+V1N) 


Low 
Range 
Oto+255 
Oto +255 
mV 


-12810+ 
127 
-IZ8ro 
+ 127 
mV 


High 
Range 
0[0+2.55 
Oto 
+2.55 
V 


-l.2810 + 1.27 
-1.28to 
+ 1.27 
V 


ABSOLUTE 
(Inputs 
to Power 
God) 


Low Range T min[0 T mu 
-0.150 
Vcc -3.4 
-0.150 
Va 
-3.4 
V 


High 
Range 
T ",in to T mu 
-1.50 
Vcc 
-1.50 
Vcc 
V 


BIAS CURRENT(255mV 
RANGE) 


TminlOTmax 
200 
500 
200 
500 
nA 


OFFSETCURRENT(255mV 
RANGE) 


Tmin10 Tmu; 
40 
200 
40 
200 
nA 


2.55V RANGE INPUT RESISTANCE 
8.0 
12.0 
8.0 
12.0 
kO 


2.55V RANGE FULL SCALE MATCH 


+ AND - INPUT 
± 1/2 
±1I2 
LSB 


COMMON·MODE 
REJECTION 
RATIO(255mVRANGE) 
I 
I 
LSB 


COMMON·MODE 
REJECTION 
RATIO(2.55VRANGE) 
I 
1 
LSB 


POWER SUPPLY 


Operating 
Range 
4.5 
5.5 
4.5 
5.5 
V 


CurrentIcc 
30 
45 
30 
45 
mA 
Rejection 
Ratio 
T minto T max 
0.015 
0.015 
%ofFS/% 


DIGITAL OUTPUTS 
SINK CURRENT (VOUT 
: O.'V) 


TminlOT •••••• 
I.6 
I.6 
mA 
SOURCE 
CURRENT 
(VOUT 
"" 2.4V) 


TminlOTmu 
0.5 
0.5 
mA 


THREE-STATE 
LEAKAGE CURRENT 
±40 
±40 
~A 


OUTPUT CAPACITANCE 
5 
5 
pF 


DIGlTALlNPUTVOLTAGE 


V1NL 
0.8 
0.8 
V 
V1NH 
2.0 
2.0 
V 


DIGITALlNPUT 
CURRENT 


(O:sV1N:S 
+ SV) 


IJNL 
-100 
-100 
~A 
tINH 
+100 
+100 
~A 


INPUT CAPACITANCE 
to 
to 
pF 


NOTES 
ITested 
at Vcc=4.5V, 
5.0V and 
5.5V. 


Specifications 
shown 
in boldface 
are tested 
on all production 
units 
at final dectrical 
test. 
Results 
(rom 
those 
testS are used 
to calculate 
outgoing 
quality 
levels. 
All min and max specifications 
are guaranteed, 
although 
only 
those 
shown 
in boldfa~ 
are tested 
on all production 
units. 


Specifications 
subject 
to change 
without 
notice. 


Model 
AD670A 
AD670B 
AD670S 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


OPERATING TEMPERATURE 
RANGE 
40 
+85 
-40 
+85 
-55 
+ 125 
°C 


RESOLUTION 
8 
8 
8 
Bit 


CONVERSION TIME 
10 
10 
10 
.s 


RELATIVE ACCURACY 
±1/2 
±1/4 
±112 
LSB 


TminlOTmu 
±1/2 
±1I2 
±I 
LSB 


DIFFERENTIAL 
LINEARITY ERROR I 


TmintoTmu 
GUARANTEED 
NO MISSING CODES ALL GRADES 


GAIN ACCURACY 


@+25"C 
±1.5 
±0.75 
±1.5 
LSB 


TmintoTmu 
±2.5 
±1.5 
±2.5 
LSB 


UNIPOLAR ZERO ERROR 


@ + 25°C 
±1.0 
±0.5 
±1.0 
LSB 


TmintoTmu 
±2.0 
±1.0 
±2.0 
LSB 


BIPOLAR ZERO ERROR 


@+25"C 
~1.0 
±0.5 
±1.0 
LSB 


Tmi"toTmu 
±2.0 
±1.0 
±2.0 
LSB 


ANALOG INPUT RANGES 
DIFFERENTIAL 
( - VINtO + V1N) 


Low Range 
Oto+255 
OtO + 255 
Oto +255 
mV 


-128to+ 
127 
- 
128to 
+ 127 
-128(0 
+ 127 
mV 


High Range 
Oto+2.55 
Oto +2.55 
010+2.55 
V 


-1.2810 
+ 1.27 
- 
1.2810 
+ 1.27 
-1.28[0 
+ 1.27 
V 


ABSOLUTE 
(Inputs 
to Power 
Gnd) 


Low Range 
T INnto T mu 
-0.150 
Vcc 
-3.5 
-0.150 
Vcc 
-3.5 
-0.150 
Vcc 
-3.5 
V 


High 
Range T manto T mu 
-1.50 
Vcr; 
-1.50 
Vcr; 
-1.50 
Vcc 
V 


BIAS CURRENT (255mV RANGE) 


TmintoTmu 
200 
500 
200 
500 
200 
750 
nA 


OFFSET CURRENT (255mV RANGE) 


TmJ••toTmu 
40 
200 
40 
200 
40 
200 
nA 


2.55V RANGE INPUT RESISTANCE 
8.0 
12.0 
8.0 
12.0 
8.0 
12.0 
kll 


2.55V RANGE FULL SCALE MATCH 


+ AND 
- 
INPUT 
=112 
=1/2 
:::1/2 
LSB 


COMMON·MODE 
REJECTION 
RATIO (255mV RANGE) 
I 
I 
I 
LSB 


COMMON-MODE 
REJECTION 
RATIO(2.55VRANGE) 
I 
1 
1 
LSB 


POWER SUPPLY 


Operating 
Range 
4.5 
5.5 
4.5 
5.5 
4.75 
5.5 
V 


Current 
Ice 
30 
45 
30 
45 
30 
45 
mA 


Rejection 
Ratio T J'lUnto T mu 
0.015 
0.015 
0.015 
%ofFS'% 


DIGITAL OUTPUTS 
SINK CURRENT (VOUT = OAV) 


TmintoTmu 
1.6 
1.6 
1.6 
mA 
SOURCE CURRENT (VOUT = 2.4V) 


Tm,j"toT ••••.• 
0.5 
0.5 
0.5 
mA 


THREE-STATE 
LEAKAGE CURRENT 
±4O 
±4O 
±4O 
.A 
OUTPUT CAPACITANCE 
5 
5 
5 
pF 


DIGITALINPUTVOLTAGE 


V1NL 
0.8 
0.8 
0.7 
V 
V1NH 
2.0 
2.0 
2.0 
V 
DIGIT ALINPUT 
CURRENT 


(OSV1NS 
+ 5V) 


IINL 
-100 
-100 
-100 
.A 


IINH 
+100 
+100 
+100 
.A 


INPUT CAPACITANCE 
10 
10 
10 
pF 


NOTES 
'Tested 
al Vcc""4.5V, 
5.0V and 5.5V 
for A, B grades; 
4.75V, 
5.0V and 5.5V for S grade. 
Specifications 
shown 
in boldface 
are tested on all production 
units al final electrical 
lesl. 
Results 
from those tests are used to calculate 
outgoing 
quality 


levels. 
All min and max specifications 
~ 
guaranteed, 
although 
only those shown 
in boldface 
are tested on all production 
units. 


Spt:cifications 
subject 
to change 
without 
notice. 


• 


Figure 1. AD670 Block Diagram and Terminal Configuration 
(All Packages) 


ABSOLUTE 
MAXIMUM 
RATINGS· 
Vcc to Ground 
OV to +7.5V 
Digital Inputs (Pins ll-15) 
-0.5V 
to Vcc +O.5V 
Digital Outputs 
(Pins 1-9) . Momentary 
Short to Vcc or Ground 
Analog Inputs (Pins 16-19) 
. 
-30V 
to + 30V 
Power Dissipation 
. . . . . . . . . . 
. . . . . 
450mW 
Storage Temperature 
Range . . . . . 
- 65°C to + 150°C 
Lead Temperature 
(Soldering, 
10sec) 
. . . .. 
+ 300°C 


·Stresses 
above those listed under 
HAbsolute Maximum 
Ratings" 
may 
cause permanent 
damage to the device. This is a stress rating only and 
functional operation of tbe deviceat tbese or any other conditions above 
those indicated 
in the operational 
sections of this specification 
is not 
implied. Exposure to absolute maximum rating conditions for extended 
periodsmayaffectdevicereliability. 


Temperature 
Relative Accuracy 
Gain Accuracy 
Modell 
Range 
@+2SoC 
@+2SoC 
Package Option2 


AD670JN 
Oto + 70°C 
± 1I2LSB 
± l.5LSB 
Plastic DIP (N-20) 
AD670JP 
Oto + 70°C 
± 1I2LSB 
± 1.5LSB 
PLCC (P-20A) 
AD670KN 
Oto+ 70°C 
± 1I4LSB 
±0.75LSB 
Plastic DIP (N-20) 
AD670KP 
Oto+ 70°C 
± 1I4LSB 
±0.75LSB 
PLCC (P-20A) 
AD670AD 
- 40°C to + 85°C 
± 1I2LSB 
± 1.5LSB 
Ceramic DIP (D-20) 
AD670BD 
- 40°C to + 85°C 
±1I4LSB 
±O.75LSB 
Ceramic DIP (D-20) 
AD670SD 
- 550Cto + 125°C 
±1I2LSB 
± 1.5LSB 
Ceramic DIP (D-20) 


NOTES 
'FordetailsongradeandpackageofferingsscreenedinaccordancewitbMIL-STD-883,rerertotheAnalogDevices 
MilitaryProductsDatabook. 
'D = CeramicDIP;N = PlasticDIP;P = PlasticLeadedCbipCarrier.ForoutlineinformationseePackageInformationsection. 


CIRCUIT 
OPERATION/FUNCTIONAL 
DESCRIPTION 
The AD670 is a functionally complete 8-bit signal conditioning 
A/D converter with microprocessor 
compatibility. 
The input 


section uses an instrumentation 
amplifier to accomplish the 
voltage to current conversion. This front end provides a high 
impedance, low bias current differential amplifier. The common- 
mode range allows the user to directly interface the device to a 
variety of transducers. 


The A/D conversions are controlled by RIW, CS, and CEo The 
RIW line directs the converter to read or start a conversion. A 
minimum write/start pulse of 300ns is required on either CE or 
CS. The STATUS line goes high, indicating that a conversion is 
in process. The conversion thus begun, the internal 8-bit DAC 
is sequenced from MSB to LSB using a novel successive ap- 
proximation 
technique. 
In conventional designs, the DAC is 
stepped through the bits by a clock. This can be thought of as a 
static design since the speed at which the DAC is sequenced is 
determined 
solely by the clock. No clock is used in the AD670. 
Instead, a "dynamic 
SAR" is created consisting of a string of 
inverters with taps along the delay line. Sections of the delay 
line between taps act as one shots. The pulses are used to set 
and reset the DAC's bits and strobe the comparator. 
When 


strobed, the comparator 
then determines whether the addition 


of each successively weighted bit current causes the DAC current 


sum to be greater or less than the input current. 
If the sum is 
less, the bit is turned off. After all bits are tested, the SAR 
holds an 8-bit code representing the input signal to within 1I2LSB 
accuracy. Ease of implementation 
and reduced dependence 
on 
process related variables make this an attractive approach to a 
successive approximation 
design. 


The SAR provides an end-of-conversion 
signal to the control 
logic which then brings the STATUS line low. Data outputs 
remain in a high impedance state until RiW is brought high 
with CE and CS low and allows the converter to be read. Bringing 
CE or CS high during the valid data period ends the read cycle. 
The output buffers cannot be enabled during a conversion. 
Any 
convert start commands will be ignored until the conversion 
cycle is completed; once a conversion cycle has been started it 
cannot be stopped or restarted. 


The AD670 provides the user with a great deal of flexibility by 
offering two input spans and formats and a choice of output 
codes. Input format and input range can each be selected. The 
BPO/UPO pin controls a switch which injects a bipolar offset 
current of a value equal to the MSB less 1I2LSB into the summing 
node of the comparator to offset the DAC output. Two precision 
IO to I attenuators 
are included on board to provide input range 
selection of 0 to 2.55V or 0 to 255mV. Additional ranges of 


- 1.28 to 1.27V and - 128 to 127mV are possible if the BPOIUPO 
switch is high when the conversion is started. Finally, output 
coding can be chosen using the FORMAT pin when the conversion 
is started. In the bipolar mode and with a logic 1 on FORMAT, 
the output is in two's complement; 
with a logic 0, the output is 
offset binary. 


CONNECTING 
THE AD670 
The AD670 has been designed for ease of use. All active com- 
ponents required to perform a complete AID conversion are on 
board and are connected internally. 
In addition, all calibration 
trims are performed at the factory, assuring specified accuracy 
without user trims. There are, however, a number of options 
and connections that should be considered to obtain maximum 
flexibility from the part. 


INPUT 
CONNECTIONS 
Standard connections are shown in the figures that follow. An 
input range of 0 to 2.55V may be configured as shown in Figure 
2a. This will provide a one LSB change for each IOmV of input 
change. The input range of 0 to 255mV is configured as shown 
in Figure 2b. In this case, each LSB represents 
ImV of inp~ 
change. When unipolar input signals are used, Pin 11, BPO/UPO, 
should be grounded. 
Pin 11 selects the input format for either 
unipolar or bipolar signals. Figures 3a and 3b show the input 
connections 
for bipolar signals. Pin 11 should be tied to +Vcc 


for bipolar inputs. 


Although the instrumentation 
amplifier has a differential input, 


there must be a return path to ground for the bias currents. 
If it 
is not provided, 
these currents will charge stray capacitances 
and cause internal circuit nodes to drift uncontrollably 
causing 
the digital output to change. Such a return path is provided in 
Figures 2a and 3a (larger input ranges) since the Ik resistor leg 


• 


is tied to ground. This is not the case for Figures 2b and 3b 
(the lower input ranges). When connecting the AD670 inputs to 
floating sources, such as transformers 
and ac-coupled sources, 


there must still be a dc path from each input to common. This 
can be accomplished 
by connecting a IOkH resistor from each 
input to ground. 


Bipolar Operation 
Through 
special design of the instrumentation 
amplifier, the 
AD670 accommodates 
input signal excursions below ground, 


even though it operates from a single 5V supply. To the user, 
this means that true bipolar input signals can be used without 
the need for any additional external components. 
Bipolar signals 


can be applied differentially 
across both inputs, or one of the 
inputs can be grounded and a bipolar signal applied to the 
other. 


Common-Mode 
Performance 
The AD670 is designed to reject dc and ac common-mode voltages. 
In some applications it is useful to apply a differential input 
signal V1N in the presence of a dc common-mode 
voltage VCM' 


The user must observe the absolute input signal limits listed in 
the specifications, which represent the maximum voltage V1N + 
VCM that can be applied to either input without affecting proper 
operation. 
Exceeding these limits (within the range of absolute 
maximum ratings), however, will not cause permanent 
damage. 


The excellent common-mode 
rejection of the AD670 is due to 


the instrumentation 
amplifier front end, which maintains the 
differential signal until it reaches the output of the comparator. 
In contrast to a standard operational amplifier, the instrumentation 
amplifier front end provides significantly improved CMRR over 
a wide frequency range (Figure 4a). 


~ 
'" 
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Figure 
4b. 
AD670 
Input 
Rejects 
Common-Mode 
Ground 
Noise 


Good common-mode 
performance 
is useful in a number of 
situations. 
In bridge-type 
transducer 
applications, 
such perform- 
ance facilitates the recovery of differential analog signals in the 
presence of a dc common-mode 
or a noisy electrical environment. 


High-frequency 
CMRR also becomes important 
when the analog 
signal is referred to a noisy, remote digital ground. In each case, 
the CMRR specification of the AD670 allows the integrity of 
the input signal to be preserved. 


The AD670's common-mode 
voltage tolerance allows great 
flexibility in circuit layout. Most other AJD converters require 
the establishment 
of one point as the analog reference point. 


This is necessary in order to minimize the effects of parasitic 
voltages. The AD670, however, eliminates the need to make the 
analog ground reference point and AJD analog ground one and 
the same. Instead, a system such as that shown in Figure 4b is 
possible as a result of the AD670's common-mode 
performance. 


The resistors and inductors in the ground return represent 
unavoidable system parasitic impedances. 


Input/Output 
Options 
Data output coding (2's complement 
vs. straight binary) is 
selected using Pin 12, the FORMAT 
pin. The selection of input 
format (bipolar vs. unipolar) is controlled using Pin 11, BPOIUPO. 
Prior to a write/convert, 
the state of FORMAT 
and BPOIUPO 
should be available to the converter. These lines may be tied to 
the data bus and may be changed with each conversion if desired. 
The configurations 
are shown in Table I. Output coding for 
representative 
signals in each of these configurations 
is shown in 
Figure 5. 


An output signal, STATUS, indicates the status of the conversion. 
STATUS goes high at the beginning of the conversion and 
returns low when the conversion cycle has been completed. 


Bipolar/Offset Binary 
Uuipolar/2's Complement 
Bipolar/2's Complement 


+V'N 
o 
128mV 
255mV 
255mV 
128mV 
128mV 


DIFF 
V'N 
o 
128mV 
255mV 
o 
1mV 
255mV 


STRAIGHT BINARY 
(FORMAT = O. BPO/UPO = 0) 
0000 0000 
1000 0000 
1111 1111 
0000 0000 
0000 0001 
1111 1111 


-V'N 
o 
o 
o 
255mV 
127mV 
-127mV 


+V'N 
o 
127mV 
1.127V 
255m V 
128mV 
127mV 
127mV 
-128mV 


DIFF 
(FORMAT = O. 


V'N 
BPO/UPO = 1) 
o 
1000 0000 
127mV 
1111 1111 
127mV 
1111 1111 
o 
1000 0000 
1mV 
1000 0001 
-1mV 
0111 1111 
-128mV 
0000 0000 
-128mV 
0000 0000 


(FORMAT = 1. 
BPO/UPO = 1) 
0000 0000 
0111 
1111 
0111 
1111 
0000 0000 
0000 0001 
1111 1111 
1000 0000 
1000 0000 


-V'N 
o 
o 
1.000V 
255mV 
127mV 
128mV 
255mV 
o 


Calibration 
Because of its precise factory calibration, 
the AD670 is intended 
to be operated without user trims for gain and offset; therefore, 
no provisions have been made for such user trims. Figures 6a, 
6b, and 6c show the transfer curves at zero and full scale for the 
unipolar and bipolar modes. The code transitions are positioned 
so that the desired value is centered at that code. The ftrSt LSB 
transition for the unipolar mode occurs for an input of + 1I2LSB 
(5mV or O.5mV). Similarly, the MSB transition for the bipolar 
mode is set at -1I2LSB 
(-5mV 
or -O.5mV). 
The full scale 
transition is located at the full scale value - 1 1I2LSB. These 
values are 2.545V and 254.5mV. 


OUTPUT 
CODES 


[10000 
00111 


(0000 0010) 
I 
(0000 OOOH 


10000 00001 


CONTROL 
AND TIMING 
OF THE AD670 
Control 
Logic 
The AD670 contains on-chip logic to provide conversion and 
data read operations from signals commonly available in micro- 
processor systems. Figure 7 shows the intemallogic 
circuitry of 
the AD670. The control signals, CE, CS, and RiW control the 
operation of the convener. The read or write function is detennined 
by RiW when both CS and CE are low as shown in Table II. If 
all three control inputs are held low longer than the conversion 
time, the device will continuously 
conven until one input, CE, 


CS, or RiW is brought high. The relative timing of these signals 
is discussed later in this section. 
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RJW 
CS 
CE 
OPERATION 


0 
0 
0 
WRITE/CONVERT 
I 
0 
0 
READ 
X 
X 
1 
NONE 
X 
1 
X 
NONE 


Timing 
The AD670 is easily interfaced to a variety of microprocessors 
and other digital systems. The following discussion of the timing 
requirements 
of the AD670 control signals will provide the 
designer with useful insight into the operation of the device. 


Write/Convert 
Start Cycle 
Figure 8 shows a complete timing diagram for the writelconven 
stan cycle. CS (chip select) and CE (chip enable) are active low 
and are interchangeable 
signals. Both CS and CE must be low 
for the convener to read or stan a conversion. The minimum 
pulse width, tw, on either CS or CE is 300ns to stan a 
conversion. 


Table m. AD670TIMING 
SPECIFICATIONS 
Boldface indicates parameters tested l()()%unless otherwise noted. See Specifications page for explanation. 


@+25°C 
Symbol 
Parameter 
Min 
Typ 
Max 
Units 


WRITE/CONVERT 
START MODE 


tw 
Write/Start Pulse Width 
300 
ns 


tos 
Input Data Setup Time 
200 
ns 
tOH 
Input Data Hold 
10 
ns 


tRwC 
ReadlWrite Setup Before Control 
0 
ns 
toc 
Delay to Convert Start 
700 
ns 
tc 
Conversion Time 
10 
J.l.s 


READ MODE 


tR 
Read Time 
250 
ns 
tso 
Delay from Status Low to Data Read 
250 
ns 
hn 
Bus Access Time 
200 
250 
ns 
tOH 
Data Hold Time 
2S 
ns 


tOT 
Output Float Delay 
150 
ns 


tRT 
RiW before CE or CS low 
0 
ns 


REV. A 
ANALOG-TO-D/G/TAL 
CONVERTERS 2-75 


~,-L 
r--- 
-t:l=-J 


RJW 
: 
I 
I 


cs~ 


~ 


Itwl 


Cf 
:::I'''' 
-4j)-- 


1 
I 
t-- 


FORMAT 
I 
I 
I 


BPO/UPO 
I 
1"'T1 'os r-- 
I 


STATUS 
:L te~L 


toc~ 
1 


The RIW line is used to direct the converter to start a conversion 
(RIW low) or read data (R1W high). The relative sequencing of 
the three control signals (RIW, CE, CS) is unimportant. 
However, 
when all three signals remain low for at least 300ns (tw), STATUS 
will go high to signal that a conversion is taking place. 


Once a conversion is started and the STATUS line goes high, 
convert start commands will be ignored until the conversion 
cycle is complete. The output data buffer cannot be enabled 
during a conversion. 


Read Cycle 
Figure 9 shows the timing for the data read operation. 
The data 
outputs are in a high impedance state until a read cycle is initiated. 
To begin the read cycle, RIW is brought high. During a read 
cycle, the minimum pulse length for CE and CS is a function of 
the length of time required for the output data to be valid. The 
data becomes valid and is available to the data bus in a maximum 
of 25Ons. This delay between the high impedance state and 
valid data is the maximum bus access time or tTO' Bringing CE 
or CS high during valid data ends the read cycle. The outputs 
remain valid for a minimum of 25ns (tow 
and return to the 
high impedance state after a delay, tor. 
of l50ns maximum. 


I 


STATUS\~ 
_ 


I 
I 
I 
~ , 
I 


~ 


•..~ 
I 
. 
._tso 
I 


----L--,: 
I 
~ ~ 
~ 
I 
I 
'•••• 
I 
I 
, 
--l~ 


DATA 
__ 
~I_'_-<h6ATAIJ 
LHIGH 
OUTPUTS 
I 
I 
~VAUDiLJ.~ 
IMP 
I 
I 
, 
I I : 
1--1 
tn> r-- --1 
toT 1- 


STAND-ALONE 
OPERATION 
The AD670 can be used in a "stand-alone" 
mode, which is 
useful in systems with dedicated input ports available. Two 
typical conditions are described and illustrated by the timing 
diagrams which follow. 


Single Conversion, 
Single Read 
__ 
When the AD670 is used in a stand-alone mode, CS and CE 
should be tied together. Conversion will be initiated by bringing 
RIW low. Within 7oons, a conversion will begin. The RJW 
pulse should be brought high again once the conversion has 
started so that the data will be valid upon completion of the 
conversion. 
Data will remain valid until CE and CS are brought 
high to indicate the end of the read cycle or RIWgoes low. The 
timing diagram is shown in Figure 10. 


f--WRITE": 
.EAD~ 


rWi~ 
: 
: 


I 
: 
I 
~ 
CE.CS 
I 
I 
f 
(LOW) 
:--- 
WRITE __ 
:--- 
REAO~ 


STATUS ----.::U-'OC 
~ 
I 
: 
I 
I r---te-----l I 
' 
I 


DATA ~ 
! K%S£Vflm~,----- 
-,trnl-- 
-l t." I- 


Figure 10. Stand-Alone Mode Single Conversion! 
Single Read 


Continuous 
Conversion, 
Single Read 
A variety of applications may call for the AID to be read after 
several conversions. 
In process control systems, this is often 
the case since a reading from a sensor may only need to be 
updated every few conversions. 
Figure 11 shows the timing 
relationships. 


Once again, CE and CS should be tied together. Conversion will 
begin when the RJW signal is brought low. The device will 
convert repeatedly as indicated by the status line. A fmal conversion 
will take place once the RJW line has been brought high. The 
rising edge of RJW must occur while STATUS is high. RIW 
should not return high while STATUS is low since the circuit is 
in a reset state prior to the next conversion. 
Since the rising 
edge of RJW must occur while STATUS is high, RIW's length 
must be a minimum of 10.25•.•.•(te + tTO)' Data becomes valid 
upon completion of the conversion and will remain so until the 
CE and CS lines are brought high indicating the end of the read 
cycle or RJW goes low initiating a new series of conversions. 


.,w ---) 
i r------. 
cs 
CE 
I---------~·r_H 
I L- 


ItlE ToGETHERi\ 
: 
: 
: 
r--L 


I 
H i 
I 
I 
I 
I 
WRITf 
toe 
WRITE 
t 
WRITE 
Itoe WRITE 
,..RIEAO+\ 


STATUS 
toe+t 
~~~.(W;~ 
r;t'OC~ 
-.:~t_ 


IOUT1~te~te-t.J-te~ 
W-lc~ 
DATA 
I 
'j 
I ~~~sr.f"'¥~"'77> 
-1'.01- 


Figure 11. Stand-Alone Mode Continuous Conversion! 
Single Read 


APPLYING THE AD670 
The AD670 has been designed for ease of use, system compatibiliry, 
and minimization 
of external components. 
Transducer 
interfaces 
generally require signal conditioning 
and preamplification 
before 
the signal can be converted. The AD670 will reduce and even 
eliminate this excess circuitry in many cases. To illustrate the 
flexibiliry and superior solution that the AD670 can bring to a 
transducer 
interface problem, the following discussions are 
offered. 


Temperature 
Measurements 
Temperature 
transducers 
are one of the most common sources 
of analog signals in data acquisition systems. These sensors 
require circuitry for excitation and preamplification/buffering. 
The instrumentation 
amplifier input of the AD670 eliminates 
the need for this signal conditioning. 
The output signals from 
temperature 
transducers 
are generally sufficiently slow that a 
samplelhold amplifier is not required. 
Figure 12 shows the 
AD590 IC temperature 
transducer 
interfaced to the AD670. 


The AD580 voltage reference is used to offset the input for O·C 
calibration. 
The current output of the AD590 is converted into 
a voltage by Rl. The high impedance unbuffered 
voltage is 
applied directly to the AD670 configured in the - 128mV to 
l27mV bipolar range. The digital output will have a resolution 
of I·C. 


~ 


--- 


ADS •• 
\::::- 


Platinum RTDs are also a popular, temperature 
transducer. 


Typical RTDs have a resistance of loon 
at O"C 
and change 
resistance O.4n per ·C. If a constant excitation current is caused 
to flow in the RTD, 
the change in voltage drop will be a 
measure of the change in temperature. 
Figure 13 shows such a 
method and the required connections to the AD670. The 
AD580 2.5V reference provides the accurate voltage for the 
excitation current and range offsetting for the RTD. The op- 
amp is configured to force a constant 2.5mA current through 
the RTD. 
The differential inputs of the AD670 measure the 
difference between a fixed offset voltage and the temperature 
dependent 
output of the op-amp which varies with the resistance 
of the RTD. 
The RTD change of approximately 
O.4nrC 
results 
in a ImVrC 
voltage change. With the AD670 in the ImV/LSB 
range, temperatures 
from 0 to 255·C can be measured. 


• 


lmVrc 
DfGITAlOUTPUT 
o to 2SS-c 


1*C 
RESOLUTION 


Differential temperature 
measurements 
can be made using an 
AD590 connected to each of the inputs as shown in Figure 14. 
This configuration will allow the user to measure the relative 
temperature 
difference berween rwo points with a I·C resolution. 


Although the internal Ik and 9k resistors on the inputs have 
± 20% tolerance, trimming the AD590 is unnecessary 
as most 
differential temperature 
applications are concerned with the 
relative differences berween the rwo. However, the user may see 
up to a 20% scale factor error in the differential temperature 
to 
digital output transfer curve. 


This scale factor error can be eliminated through a software 
correction. 
Offset corrections can be made by adjusting for any 
difference that results when both sensors are held at the same 
temperature. 
A span adjustment 
can then be made by immersing 
one AD590 in an ice bath and one in boiling water and eliminating 
any deviation from loo·C. For a low cost version of this setup, 
the plastic AD592 can be substituted 
for the AD590. 


DIGITAL OUTPUT 
c 


I1T:!:127"C 
l-C RESOLUTION 


I :!:20% OF ABSOLUTE 
ERROR) 


Figure 
14. 
Differential 
Temperature 
Measurement 
Using 
the AD590 


STRAIN 
GAUGE 
MEASUREMENTS 
Many semiconductor-type 
strain gauges, pressure transducers, 
and load cells may also be connected directly to the AD670. 
These types of transducers 
typically produce 30 millivolts full- 


scale per volt of excitation. In the circuit shown in Figure 15, 
the AD670 is connected directly to a Data Instruments 
model 
JP-20 load cell. The AD584 programmable 
voltage reference is 
used along with an AD741 op-amp to provide the ±2.5V 
excitation for the load cell. The output of the transducer 
will be 
± 150mV for a force of ±20 pounds. The AD670 is configured 
for the ± 128 millivolt range. The resolution is then approximately 
2.1 ounces per LSB over a range of ± 17 pounds. 
Scaling to 
exactly 2 ounces per LSB can be accomplished 
by trimming the 


reference voltage which excites the load cell. 


MULTIPLEXED 
INPUTS 
Most data acquisition systems require the measurement 
of 
several analog signals. Multiple AID converters are often used to 
digitize these inputs, requiring additional preamplification 
and 
buffer stages per channel. Since these signals vary slowly, a 
differential MUX can multiplex inputs from several transducers 
into a single AD670. And since the AD670's signal-conditioning 
capability is preserved, 
the cost of several ADCs, differential 
amplifiers, and other support components can be reduced to 
that of a single AD670, a MUX, and a few digital logic gates. 


An AD7502 dual +Channel MUX appears in Figure 16 multi- 
plexing four differential signals to the AD670. The AD7502's 
decoded address is gated with the microprocessor's 
write signal 
to provice a latching strobe at the flip-flops. A write cycle to the 
AD7502's address then latches the cwo LSBs of the data word 
thereby selecting the input channel for subsequent 
conversions. 


SAMPLED 
INPUTS 
For those applications where the input signal is capable of slewing 
more than 1I2LSB during the AD670's 
lOfJ.sconversion cycle, 


the input should be held constant for the cycle's duration. 
The 
circuit shown in Figure 17 uses a CMOS switch and cwo capacitors 
to sample/hold the input. The AD670's STATUS output, once 
inverted, 
supplies the sample/hold (StH) signal. 


A convert command applied on the CE, CS OR RiW lines will 
initiate the conversion. The AD670's STATUS output, once 
inverted, supplies the sample/hold signal to the CD4066. The 
CD4066 CMOS switch shown in Figure 17 was chosen for its 
fast transition times, low on-resistance and low cost. The control 
input's propagation delay for switch·closed to switch-open should 
remain less than 1500s to ensure that the sample-to-hold transition 
occurs before the first bit decision in the AD670. 


AD670 


07 
A9 
DB7 


06 
A' 
DBB 


OS 
A7 
DBS 


D' 
A6 
DB4 


0' 
AS 
DB' 


0' 
A' 
DB' 


0' 
A' 
DB' 


DO 
A' 
DBO 


BPOIUPO 


Bl. 
FORMAT 
lOR 
• 


B" 
CE 
AD670 
lOW 


AEN 
Al1 
A 
0 
A9 
AU 
0 
E 
0 
C 
A 
0 
OS 
E 
5 
0 
A' 
A'O 
5 
E 


AO 
AJ1 
RJW 


Since settling to 1I2LSB at 8-bits of resolution requires 6.2 RC 
time constants, 
the 500pF hold capacitors and CD4066's 3000 
on-resistance yield an acquisition time of under l",s, assuming a 
low impedance source. 


This samplelhold approach makes use of the differential capabilities 
of the AD670. Because 500pF hold capacitors are used on both 
VIN+ and VIN- 
inputs, the droop rate depends only on the 
offset current of the AD670, typically 20nA. With the matched 
500pF capacitors, 
the droop rate is 4O",V/",s. The input will 
then droop only O.4mV (O.4LSB) during the AD670's 10",s 
conversion time. The differential approach also minimizes pedestal 
error since only the difference in charge injection between the 
two switches results in errors at the AID. 


The fast conversion time and differential and common-mode 
capabilities of the AD670 permit this simple sample-hold design 
to perform well with low sample-ta-hold 
offset, droop rate of 
about 4O",V/",s and acquisition time under l",s. The effective 
aperrure time of the AD670 is reduced by about 2 orders of 
magnitude with this circuit, allowing frequencies to be converted 
up to several kilohertz. 


While no input anti-aliasing filter is shown, filtering will be 
necessary to prevent output errors if higher frequencies are 
present in the input signal. Many practical variations are possible 
with this circuit, including input MUX control, for digitizing a 
number of AC channels. 


mM PC INTERFACE 
The AD670 appears in Figure 18 interfaced to the IBM PC. 
Since the device resides in I/O space, its address is decoded 
from only the lower ten address lines and must be gated with 
AEN (active low) to mask out internal (DMA) cycles which use 
the same I/O address space. This active low signal is applied to 
CS. AO, meanwhile, is reserved for the R!W input. This places 


the AD670 in two adjacent addresses; one for starting the con- 
version and the other for reading the result. The lOR and lOW 
signals are then gated and applied to CE, while the lower two 
data lines are applied to FORMAT 
and BPOIUPO inputs to 
provide software programmable 
input formats and output 
coding. 


In BASIC, a simple OUT ADDR, 
WORD command initiates a 
conversion. While the upper six bits of the data WORD are 
meaningless, 
the lower two bits define the analog input format 
and digital output coding according to Table IV. The data is 
available ten microseconds 
later (which is negligible in BASIC) 


and can be read using INP (ADDR + 1). The 3-line subroutine 
in Figure 19, used in conjunction with the interface of Figure 
18, converts an analog input within a bipolar range to an offset 
binary coded digital word. 


NOTE: 
Due to the large number of options that may be installed 
in the PC, the I/O bus loading should be limited to one Schottky 
TTL load. Therefore, 
a buffer/driver 
should be used when 
interfacing more than two AD670's to the I/O bus. 


DATA 
o 
1 
2 
3 


INPUT FORMAT 


Unipolar 
Bipolar 
Unipolar 
Bipolar 


OUTPUT 
CODING 


Straight Binary 
Offset Binary 
2's Complement 
2's Complement 


10 
OUT &H310.1 
20 
ANALOGIN= INP (&H311) 
30 
RETURN 


AD671 


FEATURES 
12-Bit Resolution 
24-Pin "Skinny 
DIP" Package 
Conversion 
TIme: 500 ns max - AD671J/K/S-500 
750 ns max - AD671J/K/S·750 
Low Power: 475 mW 
Unipolar 
(0 to +5 V. 0 to +10 VI and Bipolar Input 
Ranges (±5 VI 
Twos Complement 
or Offset Binary Output 
Data 
Out of Range Indicator 
MIL-STD·883 Compliant 
Versions Available 


PRODUCT 
DESCRIPTION 
The AD671 is a high speed monolithic 12-bit AID converter 
offering conversion rates of up to 2 MHz (SOOns conversion 
time). The combination of a merged high speed bipolar/CMOS 
process and a novel architecture 
results in a combination of 
speed and power consumption far superior to previously avail- 
able hybrid implementations. 
Additionally, the greater reliability 
of monolithic construction 
offers improved system reliability and 
lower costs than hybrid designs. 


The AD671 uses a subranging flash conversion technique, 
with 
digital error correction for possible errors introduced in the ftrst 
part of the conversion cycle. An on-ehip timing generator pro- 
vides strobe pulses for each of the four internal flash cycles and 
assures adequate settling time for the interflash residue ampli- 
fter. A single ENCODE 
pulse is used to control the converter. 


The performance of the AD671 is made possible by using high 
speed, low noise bipolar circuitty in the linear sections and low 
power CMOS for the logic sections. Analog Devices' ABCMOS-I 
process provides both high speed bipolar and 2-micron CMOS 
devices on a single chip. Laser trimmed thin-mIll resistors are 
used to provide accuracy and temperature 
stability. 


The AD671 is available in two conversion speeds and perfor- 
mance grades. The AD671J and K grades are specifted for oper- 
ation over the 0 to +700C temperature 
range. The AD671S 
grades are specifted for operation over the -SsoC to + 12SoC 
temperature 
range. All grades are available in a 0.300 inch wide 
24-pin ceramic DIP. The J and K grades are also available in a 
24-pin plastic DIP. 


• 


PRODUCT 
HIGHLIGHTS 
I. The AD671 offers a single chip 2 MHz analog-to-digital 
conversion function in a space saving 24-pin DIP. 


2. Input signal ranges are 0 to +S V and 0 to + 10 V unipolar, 


and - S V to + S V bipolar, selected by pin strapping. 
Input 


resistance is I.S kG. Power supplies are +S V and -S V, 
and typical power consumption 
is less than SOOmW. 


3. The external +"SV reference can be chosen to suit the dc 
accuracy and temperature 
drift requirements 
of the 
application. 


4. Output data is available in unipolar, bipolar offset or bipolar 


twos complement binary format. 


S. An OUT OF RANGE output bit indicates when the input 


signal is beyond the AD671's input range. 


6. The AD671 is available in versions compliant with the 


MIL-S.TD-883. Refer to the Analog Devices Military 
Products Databook or current AD671/883B data sheet for 
detailed speciftcations. 


AD671-SPECIFICATIONS 


DC SPECIFICATIONS 
(TMINto TMAX withVc~ = +5 
V ± 5%, VLOGIC= +5 
V ± 10%, VEE = -5 
V ± 5%, VREF = +5.000 
V, 


unless otherwise 
indicated) 


AD671j/S-500 
AD671K-500 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
12 
12 
Bits 


ACCURACY (+ 25°C) 


Integral Nonlinearity (INL) 
. 
TM1N 
to TMAX 
±4 
±2 
LSB 
Differential Nonlinearity (DNL) 


TM1N 
to TMAX 
10 
11 
Bits 


No Missing Codes 
10 Bits Guaranteed 
, 
11 Bits Guaranteed 
Unipolar Offset' 
±4 
±4 
LSB 
Bipolar Zero' 
±10 
±10 
LSB 
Gain Error> 
0.1 
0.25 
0.1 
0.25 
%FSR 


TEMPERATURE 
COEFFICIENTS' 
~ 


Unipolar Offset 
±10 
±10 
ppmfOC 
Bipolar Zero 
±15 
±15 
ppmfOC 
Gain Error 
±20 
±20 
ppmfOC 


ANALOG INPUT 
Input Ranges 
Bipolar 
-5 
+5 
-5 
+5 
Volts 
Unipolar 
0 
+5 
0 
+5 
Volts 
0 
+10 
0 
+10 
Volts 
Input Resistance 
10 Volt Range 
1.0 
1.5 
2.0 
1.0 
1.5 
2.0 
kfi 
5 Volt Range 
0.5 
0.75 
1.0 
0.5 
0.75 
1.0 
kfi 
Input Capacitance 
10 
10 
pF 
Reference Input Resistance 
2.4 
3.5 
4.7 
2.4 
3.5 
4.7 
kfi 


POWER SUPPLIES 
Power Supply Rejection' 
Vcc (+5 V ± 0.25 V) 
±1 
±1 
LSB 
VLOGIC 
(+5 V ± 0.5 V) 
±1 
±1 
LSB 
VEE (-5 
V ± 0.25 V) 
±1 
±1 
LSB 
Operating Voltages 
Vcc 
+4.75 
+5.25 
+4.75 
+5.25 
Volts 
VLOGIC 
+4.5 
+5.5 
+4.5 
+5.5 
Volts 
VEE 
-5.25 
-4.75 
-5.25 
-4.75 
Volts 


Operating Current 
Icc 
46 
56 
46 
56 
rnA 
ILOGIC 
5 
3 
6 
3 
6 
rnA 


lEE 
46 
56 
46 
56 
rnA 


POWER CONSUMPTION 
475 
621 
475 
621 
mW 


TEMPERATURE 
RANGE 
Specified (J/K) 
0 
+70 
0 
+70 
°C 


(S) 
-55 
+125 
.. 
°C 


NOTES 


IAdjustable 
to zero with external 
potentiometers. 
See Offset/Gain 
Calibration 
section 
for additional 
information. 


'Full-scale range (FSR) is S V for the 0 to S V range and 10 V for the 0 to 10 V and -S V to +S V ranges. 
325°C to T MIN and 25°C to T MAX' 
·Change 
in gain error as a function 
of the de supply 
voltage. 


STested 
under 
static conditions. 
See Figure 
12 for typical 
curves 
of ILOGlc 
vs. Conversion 
Rate and Output 
Loading. 


Specifications 
subject 
to change 
without 
notice. 


Specifications 
shown 
in boldface 
are tested 
on all devices 
at fmal electrical 
test with worst 
case supply 
voltages 
at 0, + 25°C and + 70OC. 
Results 
from those 
tests 


are used to calculate 
outgoing 
quality 
levels. 
All min and max specifications 
are guaranteed, 
although 
only those 
shown 
in boldface 
are tested. 


DC SPECIFICATIONS 
(TMINto TMAX~ith .vc~= +5 V ± 5%, VLDSIC= +5 V ± 10%. VEE = -5 
V ± 5%. VREF = +5.000 V. 


unless otherwise 
mdlcated) 


AD671j/S-750 
AD671K·750 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
12 
12 
Bits 


ACCURACY (+ 25°C) 


Integral Nonlinearity (INL) 


T MIN to T MAX (J) 
±2 
±1.5 
LSB 
T MIN to T MAX (S) 
±2.5 
LSB 
Differential Nonlinearity (DNL) 


TM1N 
tOTMAX 
11 
12 
Bits 


No Missing Codes 
II Bits Guaranteed 
12 Bits Guaranteed 


Unipolar Offsetl 
±4 
±4 
LSB 
Bipolar Zero' 
±10 
±10 
LSB 
Gain Error 
0.1 
0.25 
0.1 
0.25 
%FSR 


TEMPERATURE 
COEFFICIENTS' 


Unipolar Offset 
±10 
±10 
ppml"C 


Bipolar Zero 
±15 
±15 
ppml"C 


Gain Error 
±20 
,. 
±20 
ppml"C 


ANALOG INPUT 
..•. 
..•. , 


Input Ranges 


Bipolar 
-5 
+5 
-5 
+5 
Volts 
Unipolar 
0 
+5 
0 
+5 
Volts 


0 
+10 
0 
+10 
Volts 


Input Resistance 
10 Volt Range 
1.0 
1.5 
2.0 
1.0 
1.5 
2.0 
kO 


5 Volt Range 
0.5 
0.75 
1.0 
0.5 
0.75 
1.0 
kO 


Input Capacitance 
10 
10 
pF 
Reference Input Resistance 
2.4 
3.5 
4.7 
2.4 
3.5 
4.7 
kO 


POWER SUPPLIES 
Power Supply Rejection' 
Vce (+5 V ± 0.25 V) 
±1 
±1 
LSB 
VLOG1C 
(+5 V ± 0.5 V) 
±1 
±1 
LSB 


VEE (-5 
V ± 0.25 V) 
±1 
±1 
LSB 
Operating Voltages 


Vcc 
+4.75 
+5.25 
+4.75 
+5.25 
Volts 


VLOGIC 
+4.5 
+5.5 
+4.5 
+5.5 
Volts 


VEE 
-5.25 
-4.75 
-5.25 
-4.75 
Volts 


Operating Current 
Ice 
46 
56 
46 
56 
mA 


ILOGIC 
5 
3 
6 
3 
6 
mA 


lEE 
- 
46 
56 
46 
56 
mA 


POWER CONSUMPTION 
1\ 
475 
621 
475 
621 
mW 


TEMPERATURE 
RANGE 
Specified (IlK) 
0 
+70 
0 
+70 
°C 
(S) 
-55 
" 


+125 
°C 


NOTES 


IAdjustable to zero with external potentiometers. 
See Offset/Gain Calibration section for further information. 


'FuU-scaie range (FSR) is 5 V for the 0 to 5 V range and 10 V for the 0 10 10 V and -5 V 10 +5 V ranges. 
325°C to T MIN 
and 
250C to T MAX' 


"Change in gain error as a function of the de supply voltage. 
sTested under static conditions. See Figure 12 for typical curve of ILOG1C vs. Conversion Rate and Output Loading. 
Specifications subject to change without notice. 


Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0, +25 


De and +70De. Results from those tests 


are used to calculate outgoing quality levels. All min and max specifications are guaranteed. although only those shown in boldface are tested. 


• 


DIGITAL SPECIFICATIONS 


(tor all graaes 
IM1N 10 'MAX' wiln 'cc = .1"~, :!: ~70, 
'LOGIC = 1"~ , :!: 
IU70, 
'EE = -a 
, 


± 5%, VREF = +5.000 V, unless otherwise noted) 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 


LOGIC INPUT 
High Level Input Voltage 
VIH 
+2.0 
V 
Low Level Input Voltage 
VIL 
+0.8 
V 
High Level Input Current (VIN = VLOG1C) 
IIH 
-10 
+10 
JJ.A 
Low Level Input Current (VIN = 0 V) 
IlL 
-10 
+10 
JJ.A 
Input Capacitance 
CIN 
5 
pF 


LOGIC OUTPUTS 
High Level Output Voltage (lOH = 0.5 mA) 
VOH 
+2.4 
V 
Low Level Output Voltage (IOL = 1.6 mA) 
VOL 
+0.4 
V 
Output Capacitance 
COUT 
5 
pF 


Specifications 
shown 
in boldface 
are tested 
on aU devices 
at fmal electrical 
test. 
Results 
from those 
tests 3re used to calculate 
outgoing 
quality 
levels. 
All min 


and Max specifications 
are guaranteed, 
although 
only 
those 
shown 
in boldface 
are tested. 


Specifications 
subject 
to change 
without 
notice. 


SWITCHING SPECIFICATIONS 
(For all grades TMIN to TMAX with Vcc = +5 
V ± 5%, VLOGIC = +5 
V ± 10%, VEE = -5 
V 


± 5%; VIL = 0.8 V, 
VIN = 2.0 V, 
VOL = 0.4 V and VON = 2.4 V) 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 


Conversion Time 
(AD671-500) 
Ie 
475 
500 
ns 


(AD671-750) 
Ie 
725 
750 
ns 
ENCODE 
Pulse Width High 


(AD671-500) 
tENC 
20 
30 
ns 


(AD671-750) 
tENC 
20 
50 
ns 
ENCODE Pulse Width Low 
tENCL 
20 
ns 
DAV Pulse Width 


(AD67 1-500) 
(DAV 
75 
200 
ns 


(AD671-750) 
(DAV 
75 
300 
ns 
ENCODE 
Falling Edge Delay 
tF 
0 
ns 
Start New Conversion Delay 
tR 
0 
ns 


Data and OTR Delay from DAV Falling Edge 
tDD I 
20 
75 
ns 
Data and OTR Valid before DAV Rising Edge 
tss 


2 
20 
75 
ns 


NOTES 


1(00 is measured 
from when 
the falling 
edge of DAV 
crosses 
0.8 V to when 
the output 
crosses 
0.4 V or 2.4 V with a 25 pF load capacitor 
on each output 
pin. 


2tss is measured. 
from when 
the outputs 
cross 0.4 V or 2.4 V to when 
the rising 
edge of DA V crosses 
2.4 V with a 25 pF load capacitor 
on each output 
pin. 
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___ 
D_A_T_A_O_<P_R_E_V_IO_U_S_l 
_~)( 
DATA 
1 


BIT 
1-12 
MSB 
OTR 


BIT 
1-12 


MSB 
OTR 


With 
Respect 
Parameter 
to 
Min 
Max 
Units 


Vcr; 
ACOM 
-0.5 
+6.5 
Volts 


VEE 
ACOM 
-6.5 
+0.5 
Volts 


VLOG1C 
DCOM 
-0.5 
+6.5 
Volts 


ACOM 
DCOM 
-1.0 
+ 1.0 
Volts 


Vcc 
VLOG1C 
-6.5 
+6.5 
Volts 


ENCODE 
DCOM 
-0.5 
VLOG1C+0.5 
Volts 


REF IN 
ACOM 
-0.5 
Vcr;+0.5 
Volts 


AIN, BPOIUPO 
ACOM 
-6.5 
11.0 
Volts 


Junction Temperature 
+175 
°C 
Storage Temperature 
-65 
+150 
°C 
Lead Temperature 
(10 see) 
+300 
°C 
Power Dissipation 
1000 
mW 
• 


·Stresses above those listed under 
UAbsolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods may effect device reliability. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are insened. 


Temperature 
Package 
Modell 
Linearity 
Range 
Options2 


AD671JN-500 
±4 LSB 
o to +70°C 
N-24 
AD671KN-500 
±2 LSB 
o to +70°C 
N-24 
AD671JD-500 
±4 LSB 
o to +70°C 
D-24 
AD671KD-500 
±2 LSB 
o to +70°C 
D-24 
AD671JN-750 
±2 LSB 
o to +70°C 
N-24 
AD671KN-750 
±1.5 LSB 
o to +70°C 
N-24 
AD671JD-750 
±2 LSB 
o to +70°C 
D-24 
AD671KD-750 
±1.5 LSB 
o to +70°C 
D-24 
AD671SD-5oo 
±4 LSB 
-55°C to + 125°C 
D-24 
AD671SD-750 
±2.5 LSB 
- 55°C to + 125°C 
D-24 


NOTES 
IFor details on grade and package offerings screened in accordance with 
MIL·STD-883, 
refer to the Analog Devices Military Products Databook or 
current AD671/883 data sheet. 
2D = Ceramic DIPj N = Plastic DIP. For outline information see Package 
Information section. 


AD671 PIN DESCRIPTION 
Symbol 
Pin 
Type 


ACOM 
22 
P 
AIN 
20 
AI 
BIT! (MSB) 
12 
DO 
BIT2-BIT!1 
11-2 
DO 


BITI2 (LSB) 
I 
DO 
BPOIUPO 
21 
AI 


DCOM 
18 
P 
ENCODE 
16 
DI 


MSB 
13 
DO 


OTR 
14 
DO 


REF IN 
19 
AI 
Vcc 
23 
P 
VEE 
24 
P 
VLOGtc 
17 
P 


TYPE: 
AI = AnalogInput 
DI = DigitalInput 
DO = DigitalOutput 
P = Power 


Name and Function 


Analog Ground. 
Analog Input Signal. 


Most Significant Bit. 
Data Bits 2-1 I. 
Least Significant Bit. 


Bipolar or Unipolar 
Configuration Pin. Connect to 
AIN for 0 to +5 V Span, to 
ACOM for 0 to + 10 V Span 
and to REF IN for -5 V to 
+5 V Span. 
Data Available Output. 
The 
Rising Edge of DAV Indicates 
an End of Conversion and Can 
Be Used to Latch Current 
Data into an External 
Register. The Falling Edge of 
DAV Can Be Used to Latch 
Previous Data into an External 
Register. 
Digital Ground. 
The AD671 Starts a 
Conversion on the Rising 
Edge of the ENCODE 
Pulse. 


Inverted Most Significant Bit. 
Provides Twos Complement 
Output Data Format. 
Out of Range Is Active HIGH 
when the analog input is 
beyond the input range of the 
converter. 
+5 V Reference Input. 
+5 V Analog Power. 
- 5 V Analog Power. 
+5 V Digital Power. 


CONNECTION 
DIAGRAM 
PINOUT 


-- - ,-- ._, 
Integral nonlinearity refers to the deviation of each individual 
code from a line drawn from "zero" through "full scale." The 
point used as "zero" occurs 1/2 LSB (1.22 mV for a 10 V span) 
before the first code transition (all zeros to only the LSB on). 
"Full scale" is defined as a level I 1/2 LSB beyond the last code 
transition (to all ones). The deviation is measured from the low 
side transition of each particular code to the true straight line. 


DIFFERENTIAL 
NONLINEARITY 
(DNL, 
NO MISSING 
CODES) 
An ideal ADC exhibits code transitions that are exactly I LSB 
apart. DNL is the deviation from this ideal value. Thus every 
code must have a finite width. Guaranteed no missing codes to 
10-bit resolution indicates that all 1024 codes represented 
by 
Bits 1-10 must be present over all operating ranges. Guaranteed 
no missing codes to 11- or 12-bit resolution indicates that all 
2048 and 4096 codes, respectively, must be present over all op- 
erating ranges. 


UNIPOLAR 
OFFSET 
The flfSt transition should occur at a level 1/2 LSB above analog 
common. Unipolar offset is defmed as the deviation of the actual 
from that point. This offset can be adjusted as discussed later. 
The unipolar offset temperature 
coefficient specifies the maxi- 
mum change of the transition point over temperature, 
with or 
without external adjustments. 


BIPOLAR ZERO 
In the bipolar mode the major carry transition (0III 
1111 1111 
to 1000סס ooסס OO) should occur for an analog value 1/2 LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in 
the error over temperature. 


should occur for an analog value I 1/2 LSB below the no~al 
full scale (9.9963 volts for 10.000 volts full scale). The gain er- 
ror is the deviation of the actual level at the last transition from 
the ideal level. The gain error can be adjusted to zero as shown 
in Figures 7, 8 and 9. 


TEMPERATURE 
COEFFICIENTS 
The temperature 
coefficients for unipolar offset, bipolar zero 
• 
and gain error specify the maximum change from the initial 
(+ 25°C) value to the value at T MIN or T MAX' 


POWER SUPPLY 
REJECTION 
The only effect of power supply error on the performance of the 
device will be a small change in gain. The specifications show 
the maximum full-scale change from the initial value with the 
supplies at the various limits. 


SIGNAL·TO·NOISE 
AND DISTORTION 
(SIN+D) 
RATIO 
SIN + D is the ratio of the rmS value of the measured input sig- 
nal to the rms sum of all other spectral components, 
including 
harmonics but excluding de. The value for SIN + D is expressed 
in decibels. 


EFFECTIVE 
NUMBER 
OF BITS (ENOB) 
ENOB is calculated from the expression SNR = 6.02N + 
1.8 dB, where N is equal to the effective number of bits. 


TOTAL 
HARMONIC 
DISTORTION 
(THD) 
THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rmS value of the measured input signal and is 
expressed as a percentage or in decibels. 


PEAK SPURIOUS 
OR PEAK HARMONIC 
COMPONENT 
The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and de. This 
value is expressed in decibels relative to the rms value of a full- 
scale input si8J1al. 


The AD671 uses a successive subranging architecture. 
The ana- 
log to digital conversion takes place in four independent 
steps or 
flashes. The analog input signal is subranged to an intermediate 
residue voltage for the fmal 12-bit result by utilizing multiple 
flashes with subtraction 
DACs (see the AD671 functional block 
diagram). 


The AD671 can be configured to operate with unipolar (0 to 
+5 V, 0 to + 10 V) or bipolar (±5 V) inputs by connecting AIN 
(pin 20), REFIN 
(Pin 19) and BPOIUPO (pin 21) as shown in 
Figure 2. 


The AD671 conversion cycle begins by simply providing an 
active HIGH pulse on the ENCODE 
pin (Pin 16). The rising 
edge of the ENCODE 
pulse starts the conversion ..The falling 
edge of the ENCODE 
pulse is specified to operate within a win- 
dow of time: less than 30 ns after the rising edge of ENCODE 
(AD671-5OO) and less than 50 ns after the falling edge of 
ENCODE 
(AD671- 750) or after the falling edge of DAV. The 


time window prevents digitally coupled noise from being intro- 
duced during the fmal stages of conversion. An internal timing 
generator circuit accurately controls all internal timing. 


Upon receipt of an ENCODE 
command, the first 3-bit flash 
converts the analog input voltage. The 3-bit result is passed to a 
correction logic register and a segmented current output DAC. 
The DAC output is connected through a resistor (within the 
Range/Span Select Block) to AIN. A residue voltage is created 
by subtracting 
the DAC output from AIN, which is less than 
one eighth of the full-scale analog input. The second flash has 
an input range that is configured with one bit of overlap with 
the previous DAC. The overlap allows for errors during the 
flash conversion. The first residue voltage is connected to the 
second 3-bit flash and to the noninverting input of a high speed, 
differential, gain-of-four amplifier. The second flash result is 
passed to the correction logic register and to the second seg- 
mented current output DAC. The output of the second DAC is 
connected to the inverting input of the differential amplifier. 
The differential amplifier output is connected to a two step 
backend 8-bit flash. This 8-bit flash consists of coarse and fme 
flash converters. The result of the coarse 4-bit flash converter, 
also configured to overlap one bit of DAC 2, is connected to the 
correction logic register and selects one of 16 resistors from 
which the fine 4-bit flash will establish its span voltage. The fme 
4-bit flash is connected directly to the output latches. 


The AD671 will flag an out-of-range condition when the input 
voltage exceeds the analog input range. OTR (pin 14) is active 
HIGH when an out of range high or low condition exists. Bits 
1-12 are HIGH when the analog input voltage is greater than 
the selected input range and LOW when the analog input is less 
than the selected input range. 


APPLYING 
THE AD671 
DRIVING 
THE AD671 ANALOG 
INPUT 
The AD671 uses a very high speed current output DAC to sub- 
tract a known voltage from the analog input. This results in 
very fast steps of current at the analog input. It is important to 
recognize that the signal source driving the analog input of the 
AD671 must be capable of maintaining the input voltage under 
dynamically-changing 
load conditions. When the AD671 starts 
its conversion cycle, the subtraction 
DAC will sink up to 5 mA 


(see Figure 3) from the source driving the analog input. The 
source must respond to this current step by settling the input 
voltage back to a fraction of an LSB before the AD671 makes 
its final 12-bit decision. 


Unlike successive approximation 
AIDs, where the input voltage 
must settle to a fraction of a 12-bit LSB before each successive 
bit decision is made, the AD671 requires the analog input volt- 
age settle to within 12-bits before the third flash conversion, 


approximately 200 ns. This "free" 200 ns is useful in applica- 
tions requiring a sample-and-hold 
amplifier (SHA), overlapping 
the SHA's hold mode settling time within the 200 ns window 
will increase total system throughput. 
See the "Discrete 
Sample- 
and-Hold" 
section for a high speed SHA application. 


INPUT 
BUFFER 
AMPLIFIER 
The closed-loop output impedance of an op amp is equal to the 
open loop output impedance (usually a few hundred ohms) di- 
vided by the loop gain at the frequency of interest. It is often 
assumed that loop gain of a follower-connected 
op amp is suffi- 
ciently high to reduce the closed-loop output impedance to a 
negligibly small value, particularly if the input signal is low 
frequency. At higher frequencies the open-loop gain is lower, 
increasing the output impedance which decreases the instanta- 
neous analog input voltage and produces an error. 


The recommended wideband, fast settling input amplifiers for 
use with the AD671 are the AD841, AD843, AD845 or the 
AD847. The AD841 is unity gain stable and recommended 
as a 
follower connected op amp. The AD843 and AD845 FET in- 
puts make them ideal for high speed sample-and-hold 
amplifiers 


and the AD847 can be used as a low power, high speed buffer. 
Figure 4 shows the AD841 driving the AD671. As shown in the 
figure the analog input voltage should be produced with respect 
to the ACOM pin. 


REFERENCE 
INPUT 
The AD671 uses a standard + 5 volt reference. The initial accu- 
racy and temperature 
stability of the reference can be selected to 
meet specific system requirements. 
Like the analog input, fast 
switching input-dependent 
currents are modulated at the refer- 
ence input pin (REF IN-Pin 
19). However, unlike the analog 
input the reference input is held at a constant + 5 volts with the 
use of capacitor. The recommended 
reference is the AD586, a 
+5 V precision reference with an output buffer amplifier. Fig- 
ure 5 shows the AD671 configured in the ±5 V input range. 
The 6.8 ILFcapacitor maintains a constant +5 volts under the 
dynamically changing load conditions. An optional 1 ILFnoise 
reduction capacitor can be connected to the AD586, further re- 
ducing broadband output noise. To minimize ground voltage 
drops the AD586's ground pin should be tied as close as possi- 
ble to the AD671's ACOM pin. See Figures 20, 21 and 22 for 
PCB layout recommendations. 


GROUNDING 
AND DECOUPLING 
RULES 
Proper grounding and decoupling should be a primary design 
objective in any high speed, high resolution system. The AD671 
separates analog and digital grounds to optimize the manage- 
ment of analog and digital ground currents in a system. The 
AD671 is designed to minimize the current flowing from ACOM 
(Pin 22) by directing the majority of the current from Vcc 
(+5 V-Pin 23) to VEE (-5 
V-Pin 24). Minimizing analog 
ground currents hence reduces the potential for large ground 
voltage drops. This can be especially true in systems that do not 
utilize ground planes or wide ground runs. ACOM is also con- 
figured to be code independent, 
therefore reducing input depen- 
dent analog ground voltage drops and errors. The input current 
supplied by the external reference (REFIN-Pin 
19) and the ma- 
jority of the full-scale input signal (AIN-Pin 
20) are also di- 
rected to VEE' Also critical in any high speed digital design are 
the use of proper digital grounding techniques to avoid potential 
CMOS "ground bounce." 
Figure 6 is provided to assist in the 
proper layout, grounding and decoupling techniques. 


Table I is a list of grounding and decoupling guidelines that 
should be reviewed before laying out a printed circuit board. 


Power Supply 
Decoupling 


Capacitor Values 


Comment 


0.1 •.•.F (Ceramic) and 10 •.•.F (Tantalum). 
(Surface Mount Chip Capacitors Recom- 
mended to Reduce Lead Inductance) 


Directly at Positive and Negative 
Supply Pins to Respective Ground Plane .• 


Grounding 


Analog Ground 
Ground Plane or Wide Ground Return 
Connected to the Analog Power Supply. 


Ground Plane or Wide Ground Return 
Connected to the Digital Power Supply. 


Analog and Digital 
Ground 


UNIPOLAR 
(0 TO +10 V) CALIBRATION 
The AD671 is factory trimmed to minimize offset, gain and lin- 
earity errors. In some applications the offset and gain errors of 
the AD671 need to be externally adjusted to zero. This is ac- 
complished by trimming the voltage at BPOIUPO (pin 21) and 
REFIN (Pin 19). In those applications the AD588, a high preci- 
sion pin programmable 
voltage reference, is an ideal choice. The 
AD588 includes a reference cell and three additional amplifiers 
which can be configured to provide offset and gain trims for the 
AD671. The circuit in Figure 7 is recommended 
for calibrating 
offset and gain errors of the AD671 when configured in the 0 to 
+ 10 V input range. 


Figure 7. Unipolar (0 to + 10 V) Calibration 


The AD671 is intended to have a nominal 1/2 LSB offset so that 
the exact analog input for a given code will be in the middle of 
that code (halfway between the transitions to the codes above it 
and below it). Thus, the first transition ( from ()()()()()()()()()()()() 
to ()()()()()()()()0001) will occur for an input level of + 1/2 LSB 
(1.22 mV for 10 V range). If the offset trim resistor R2 is used, 
it should be trimmed as above, although a different offset can be 
set for a particular system requirement. 
This circuit will give 
approximately 
±50 mV of offset trim range. 


The gain trim is done by applying a signal I 1/2 LSBs below the 
nominal full scale (9.9963 for a 10 V range). Trim RI to give 
the last transition (1111 1111 1110 to 1111 1111 1111). 


UNIPOLAR 
(0 TO +5 V) CALIBRATION 
The connections for the 0 to + 5 V input range calibration is 
shown in Figure 8. The AD586, a +5 V precision voltage refer- 
ence, is an excellent choice for this mode of operation because of 
its performance, 
stability and optional fme trim. The AD845 


(16 MHz, low power, low cost op amp) is used to maintain the 
+ 5 volts under the dynamically changing load conditions of the 
reference input. 


Figure 8. Unipolar (0 to +5 V) Calibration 


The AD671 offset error must be trimmed within the analog in- 
put path, either directly in front of the AD671 or within the 
signal conditioning chain, eliminating offset errors induced by 
the signal conditioning circuitry. Figure 8 shows an example of 
how the offset error can be trimmed in front of the AD671. The 
AD586 is configured in the optional fme trim mode to provide 
+6/-2% 
(+240/-80 
LSBs) of gain trim. The procedure for 
trimming the offset and gain errors is similar to that used for 
the unipolar 10 V range with the analog input values set to one- 
half the 10 V range values. 


BIPOLAR (±5 V) CALmRATION 
The connections for the bipolar input range is shown in Fig- 
ure 9. The AD588 is configured to provide dual + 5 V outputs. 
Providing a + 5 V reference voltage for the AD671 gain trim and 
the + 5 V BPOIUPO input for the bipolar offset trim. 


Bipolar calibration is similar to unipolar calibration. 
First, a sig- 
nal 112LSB above negative full scale (-4.9988 
V) is applied and 
RI is trimmed to give the ftrst transition (סס OOסס ooסס oo to 
סס ooסס oo 0001). Then a signal I 112LSB below positive full 
scale (+4.9963) is applied, and R2 is trimmed to give the last 
transition (1111 1111 1110 to 1111 1111 1111). 


OUTPUT 
LATCHES 
Figure 10 shows the AD671 connected to the 74HC574 Octal 
D-type edge triggered latches with 3-state outputs. The latch 
can drive highly capacitive loads (i.e., bus lines, I/O ports) while 
maintaining the data signal integrity. The maximum set-up and 
hold times of the 574 type latch must be less than 20 ns (too 
and tss minimum). 
To satisfy the requirements 
of the 574 type 
latch the recommended 
logic families are HC, S, AS, ALS, F or 
BCT. New data from the AD671 is latched on the rising edge of 
the DAV (Pin 24) output pulse. Previous data can be latched by 
inverting the DAV output with a 7404 type inverter. See Fig- 
ures 20, 21 and 22 for PCB layout recommendations. 


74HCS74 
DATA BUS 


BIT1 
10 
lQ 
BIT2 
20 
2Q 
BIT3 
3D 
3Q 
BIT4 
40 
4Q 
BITS 
SO U6 
SQ 
BIT6 
60 
6Q 
BIT7 
70 
7Q 
BIT8 
80 
8Q 
OAV 
ClK 
Oc 


74HCS74 
BIT9 
10 
lQ 
BIT10 
20 
2Q 
BIT11 
3D 
3Q 
BIT12 
40 
4Q 
SO US 
SQ 
60 
6Q 
70 
7Q 
80 
8Q 
AD671 
ClK 
Oc 
3-STATE 
CONTROL 


OUT OF RANGE 
An Out of Range condition exists when the analog input voltage 
is beyond the input range (0 to + 5 V, 0 to + 10 V, ± 5 V) of the 
converter. OTR (pin 14) is set low when the analog input volt- 
age is within the analog input range. OTR is set HIGH and will 
remain HIGH when the analog input voltage exceeds the input 
range by typically 112LSB (OTR transition is tested to ±6 LSBs 
of accuracy) from the center of the ± full-scale output codes. 
OTR will remain HIGH until the analog input is within the in- 
put range and another conversion is completed. By logical 
ANDing OTR with the MSB and its complement overrange 
high or underrange 
low conditions can be detected. Table II is a 
truth table for the over/under range circuit in Figure 11. Sys- 
tems requiring programmable gain conditioning prior to the 
AD671 can immediately detect an out of range condition, thus 
eliminating gain selection iterations. 


OTR 
MSB 
Analog Input Is 


0 
0 
In Range 
0 
1 
In Range 
1 
0 
Underrange 
1 
1 
Overrange 


MSB~ 
OVER = "1" 
OTR 


_ 
UNDER="1" 
MSB 


input ranges. Straight binary coding is used for systems that 
accept positive-only signals. If straight binary coding is used 
with bipolar input signals a 0 V input would result in a binary 
output of 2048. The application software would have to subtract 
2048 to determine the true input voltage. Most processors typi- 
cally perform math on signed integers and assume data is in that 
format. Twos complement format minimizes software overhead 
which is especially important in high speed data transfers, such 
as a DMA operation. The CPU is not bogged down performing 
data conversion steps, hence increasing the total system 
• 
throughput. 


OUTPUT 
DATA FORMAT 
The AD671 provides both MSB and MSB outputs, 
delivering 
data in positive true straight binary for unipolar input ranges 
and positive true offset binary or twos complement for bipolar 


Table m. Output Data Format 


Input 
Analog 
Digital 
Range 
Coding 
Input1 
Output 
OTR' 


o to +5 V 
Straight Binary 
:5-0.00061 
Vסס ooסס ooסס oo 
I 
OVסס ooסס ooסס oo 
0 
+5 V 
1111 1111 1111 
0 
2:+5.00061 
V 
1111 1111 1111 
I 


Oto +IOV 
Straight Binary 
:5-0.00122 
Vסס ooסס ooסס oo 
I 
OVסס ooסס ooסס oo 
0 
+10 V 
1111 1111 1111 
0 


2:+ 10.00122 V 
1111 1111 1111 
1 


-5 V to +5 V 
Offset Binary 
:5-5.00122 
Vסס ooסס ooסס oo 
1 
-5 Vסס ooסס ooסס oo 
0 
OV 
1000סס ooסס oo 
0 
+4.99756 V 
1111 1111 1111 
0 


2: +4.99878 V 
1111 1111 1111 
1 


-5 V to +5 V 
2s Complement 
:5-5.00122 
V 
1000סס ooסס oo 
1 


(Using MSB) 
-5 V 
1000סס ooסס oo 
0 
OVסס ooסס ooסס oo 
0 
+4.99756 V 
0111 1111 1111 
0 


2: +4.99878 V 
0111 1111 1111 
1 


NOTES 
IVoltages 
listed 
are with offset 
and gain errors adjusted 
to zero. 
2Typical performance. 


ILOG1C vs. CONVERSION 
RATE 
Figure 12 shows the typical logic supply current vs. conversion 
rate for various capacitive loads on the digital outputs. 
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Figure 12. 'LOG1C 
vs. Conversion Rate for Various 
Capacitive Loads on the Digital Outputs 


HIGH PERFORMANCE 
SAMPLE-AND-HOLD 
AMPLIFIER 
(SUA) 
In order to take full advantage of the AD671 's high speed capa- 
bilities, a sample-and-hold 
amplifier (SHA) with fast acquisition 
capabilities and rigid accuracy requirements 
is essential. One 
possibility is a hybrid SHA such as the HTC-0300A, but often a 
cost effective alternative like the one shown in Figure 13 may be 
a better solution. This discrete SHA requires very few compo- 
nents and is able to acquire signals to 0.01 % accuracy in less 
than 350 nanoseconds. Combined with the AD671, signals with 
bandwidths up to 500 kHz can be converted with 12-bit 
accuracy. 


CIRCUIT 
DESCRIPTION 
The discrete SHA shown in Figure 13 is a closed-loop, non- 
inverting architecture 
which accepts 5 V p-p inputs. The overall 
gain of the SHA is +2 in order to accommodate the 10 V input 
span of the AD671. The AD841, with a 0.01% settling time of 
no ns, is the suggested input buffer to the SHA. The circuit 
also employs a SD500l which contains four ultrahigh speed 
DMOS switches (Q1-Q4). The high CMRR, low input offset 
current, and fast settling time of the AD845 op amp are all criti- 
cal features necessary for optimal performance of the discrete 
SHA. 


In sample mode, Q1 and Q3 of the SD500l are closed (Q2 and 
Q4 are open). C28 is charged to the input voltage level at a rate 
primarily determined 
by the time constant, R9 • C28. Simulta- 
neous1y, C29 is connected to ground through a 250 ohm resis- 
tor. If C28 is equal to C29, charge injection from Q1 will be 
approximately equal to charge injection from Q3 based on the 
symmetry of the circuit and the inherent matching of the switch 
capacitances. The resultant pedestal errors appear as a common- 
mode signal to the AD845. VR2, R13, R14, and C34 may be 
included if further reduction of pedestal error is required. 


In hold mode, Q2 and Q4 are closed (Q1 and Q3 are open) to 
reduce feedthrough. 
The input signal is attenuated 
- 78 dB rela- 
tive to the input signal at frequencies up to 500 kHz. The 
AD845 buffers the voltage on C28 and also provides the wide- 
band, low-impedance output necessary to drive the input of the 
AD67 1. 


Droop, which occurs as a result of leakage currents, 
will appear 
on C28 and will similarly appear on C29. Like pedestal errors, 
droop appears as a common-mode 
signal to the AD845 and is 
greatly reduced by the differential nature of the circuit. Voltage 
droop is typically 5 II-V/lI-s. 


CROSS COUPLED 
LATCH 
As noted in the Theory of Operation, 
the ENCODE 
pulse is 
specified to operate within a window of time. The circuit in Fig- 
ure 14 can be used to generate a valid ENCODE 
pulse if a clock 
pulse width of greater than 30 ns is available. 


TIMING 
DESCRIPTION 
Figure 15 shows the timing requirements 
for the discrete SHA. 


The complementary 
SIH inputs are HCMOS-compatible 
al- 
though larger gate voltages will improve performance by lower- 
ing the on resistances of the DMOS switches. It should be noted 
that a conversion is started before the SHA has settled to 0.01% 
accuracy. The discrete SHA takes advantage of the fact that the 
AD671 does not require a 12-bit accurate input until it is 150 ns 
into its conversion cycle. See Figures 21, 22 and 23 for PCB 
layout recommendations. 
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DYNAMIC PERFORMANCE 
In most sampling applications the dynamic performance of the 
system is limited by the performance of the SHA. The SHA's 
dynamic performance can be selected to meet the system sam- 
pling requirements. 
Figures 16 and 17 are typical FFT plots 
using the discrete SHA in Figure 13. 
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Figure 16. Typical FFT Plot of AD671 and Discrete SHA 
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Figure 17. Typical FFT Plot of AD671 and Discrete SHA 


F'N = 500kHz 
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DO 


NOTES 


1 ANALOG 
INPUT RANGE SELECT 


I CI AND etO REQUIRED 
FOR t5V RANGE 


CONNECT 
C TO 
D (A TO 
8 OPEN) 
FOR 
0 TO 
.5Y 
RANGE 
ORA TO. (CTOD OPEN) 
FOR 
-tV 
TO 
+5V 
RAMOE 


DYNAMIC CHARACTERISTICS 


(@ +2S·C, tested using the discrete SHA in Figure IS with Vcc = +5 V, 
VLOG1C = +5 V, VEE = -5 V, fSAMPLE = I MSPS)' 


Model 
AD671JD-500 
Typ 
Units 


Effective Number of Bits (ENOB) 
FIN = 100 kHz 
11.3 
Bits 


FIN = 490 kHz 
11.2 
Bits 


Signal-to-Noise and Distortion (SIN +D) Ratio 
FIN = 100 kHz 
70 
dB 
FIN = 490 kHz 
68 
dB 


Total Harmonic Distortion (THD) 


FIN = 100 kHz 
-80 
dB 
FIN = 490 kHz 
-75 
dB 


Peak Spurious (dc to 490 kHz) 
-79 
dB 


Peak Harmonic Component (dc to 490 kHz) 
-76 
dB • 


NOTE 
'f'N amplitude = -0.2 
dB @IOOkHz and -0.9 
dB @ 490 kHz, bipolar 


mode unless otherwise indicated. See Definition of Specifications for addi- 
tional information. 


MUL TICHANNNEL 
DATA ACQUISITION 
SYSTEM 
The AD684, a quad high speed sample-and-hold 
amplifier is 


ideally suited for multichannel 
data acquisition applications. 
Fig- 


ure 18 shows a typical data acquisition circuit using the AD684 
(SHA), ADG201HS (Multiplexer), 
ADS88 (Reference) and the 
AD671. The AD684 is configured to simultaneously 
sample four 


analog inputs. Each held analog input voltage can be selected by 
the multiplexer and buffered by the AD841. The AD671 is con- 
nected in the bipolar input range (± 5 V). 


Figure 18. Data Acquisition 
System Using the AD684 and 
theAD671 


AD671 TO ADSP-2100A INTERFACE 
Figure 19 demonstrates 
the AD671 to ADSP-2100A interface. 


The 2100A with a clock frequency of 12.5 MHz can execute an 
instruction in one 80 ns cycle. The AD671 is configured to per- 
form continuous time sampling. The DAV output of the AD671 
is asserted at the end of each conversion. DAV can be used to 
latch the conversion result into the two 574 octal D-latches. The 
falling edge of the sampling clock is used to generate an inter- 
rupt (IRQ3) for the processor. Upon interrupt, 
the ADSP- 
2100A starts a data memory read by providing an address on the 
DMA bus. The decoded address generates OE for the latches 
and the processor reads their output over the DMA bus. The 
conversion result is read within a single processor cycle. 


AD671 TO ADSP-210l/ADSP-2102 
INTERFACE 
Figure 20 is identical to the 2100A interface except the sampling 
clock is used to generate an interrupt 
(IRQ2) for the processor. 
Upon interrupt 
the ADSP-2101A starts a data memory read by 
providing an address on the Address (A) bus. The decode ad- 
dress generates OE for the D-latches and the processor reads 
their output over the Data (D) bus. Reading the conversion re- 
sult is thus completed within a single processor cycle. 


ANALOG 
IEVICES 


Figure 21. PCB Silkscreen and Component 
Placement 
Diagram for Figures 5, 10 and 13 
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8-Bit AID Converter 
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FEATURES 
Complete 8-Bit AID Converter with Referenpe. Clock 
and Comparator 
. 


30JLS Maximum Conversion Time 
Full 8- or 16-Bit Microprocessor Bus Interface 
Unipolar and Bipolar Inputs 
No Missing Codes Over Temperature 
Operates on + 5V and -12V 
to -15V 
Supplies 
MIL-STD-883 Compliant Version Available 


PRODUCT 
DESCRIPTION 
The AD673 is a complete 8-bit successive approximation analog-to- 
digital converter consisting of a DAC, voltage reference, clock, 
comparator, 
successive approximation 
register (SAR) and 3 state 
output buffers-all 
fabricated on a single chip. No external com- 
ponents are required to perform a full accuracy 8-bit conversion 
in 20l1s. 


The AD673 incorporates advanced integrated circuit design and 
processing technologies. The successive approximation 
function 
is implemented 
with I2L (integrated injection logic). Laser trim- 
ming of the high stability SiCr thin film resistor ladder network 
insures high accuracy, which is maintained with a temperature 
compensated sub-surface Zener reference. 


Operating on supplies of + SV and -12V 
to - lSV, the AD673 
will accept analog inputs of 0 to + lOV or - SV to + SV. The 
trailing edge of a positive pulse on the CONVERT 
line initiates 
the 20l1s conversion cycle. DATA READY indicates completion 
of the conversion. 


The AD673 is available in two versions. The AD673 J as specified 
over the 0 to + 70"<:temperature range and the AD673S guarantees 
± V,LSB relative accuracy and no missing codes from - SS·C to 
+ l2S·C. 


Two package configurations 
are offered. All versions are also 
offered in a 20-pin hermetically sealed ceramic DIP. The AD673J 
is also available in a 20-pin plastic DIP. 
' 
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PRODUCT 
HIGHLIGHTS 
1. The AD673 is a complete 8-bit AID converter. 
No external 
components are required to perform a conversion. 


2. The AD673 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. 


3. The device offers true 8-bit accuracy and exhibits no missing 
codes over its entire operating temperarure 
range. 


4. The AD673 adapts to either unipolar (0 to + 10V) or bipolar 


( - SV to + SV) analog inputs by simply grounding or opening 
a single pin. 


S. Performance is guaranteed with + SV and - l2V or -lSV 
supplies. 


6. The AD673 is available in a version compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD673/883B data sheet for detailed specifications. 


AD673-SPECIFICATIONS 
(T,=25"C, V+ = +5V, V- = -12V or -15V. all voltages measured 
with respect to 
digital common, 
unless otherwise 
indicated.) 


AD673J 
AD673S 


Model 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
8 
8 
Bits 


RELATIVE 
ACCURACY, 
1 
± 1/2 
±1/2 
LSB 


TA=TmintoTmax 
±1/2 
±1/2 
LSB 


FULL SCALE CALIBRATION' 
:;:2 
±2 
LSB 


UNIPOLAR 
OFFSET 
±1/2 
± 1/2 
LSB 


BIPOLAR OFFSET 
+1/2 
+1/2 
LSB 


DIFFERENTIAL 
NONLINEARITY, 
3 
8 
8 
Bits 


TA=TmintoTmu: 
8 
8 
Bits 


TEMPERATURE 
RANGE 
0 
+70 
-55 
+ 125 
°C 


TEMPERATURE 
COEFFICIENTS 
Unipolar Offset 
±1 
±1 
LSB 


Bipolar Offset 
±1 
±1 
LSB 


Full Scale Calibration' 
" 
±2 
±2 
LSB 


POWER SUPPLY REJECTION 
Positive Supply 
+4.5,;V 
+,; 
+ 5.5V 
±2 
±2 
LSB 


Negative Supply 


- 15.75V,;V -,; 
- 14.25V 
±2 
±2 
LSB 
-12.6V,;V 
-,; 
-11.4V 
±2 
±2 
LSB 


ANALOG INPUT IMPEDANCE 
3.0 
5.0 
7.0 
3.0 
5.0 
7.0 
kO 


ANALOG INPUT RANGES 
Unipolar 
0 
+10 
0 
+ 10 
V 


Bipolar 
-5 
+5 
-5 
+5 
V 


OUTPUT 
CODING 
Unipolar 
Positive True Binary 
Positive True Binary 


Bipolar 
Positive True Offset Binary 
Positive True Offset Binary 


LOGIC OUTPUT 
Output Sink Current 


(VOUT=0.4V max, TmintoT_) 
3.2 
3.2 
mA 


Output Source Current4 


(VouT~2.4Vmin, 
Tmin toT_) 
0.5 
0.5 
mA 


Output Leakage 
±40 
±40 
IJ.A 


LOGIC INPUTS 
Input Current 
±100 
±100 
IJ.A 


Logic "1" 
2.0 
2.0 
V 
Logic "0" 
0.8 
0.8 
V 


CONVERSION 
TIME, T A and 


TmintoTmax 
10 
20 
30 
10 
20 
30 
IJ.s 


POWER SUPPLY 
V+ 
+4.5 
+5.0 
+7.0 
+4.5 
+5.0 
+7.0 
V 
V- 
-11.4 
-IS 
-16.5 
-11.4 
-15 
-16.5 
V 


OPERATING 
CURRENT 
V+ 
15 
20 
15 
20 
mA 
V- 
9 
15 
9 
15 
mA 


NOTES 
IRelative 
accuracy 
is defined 
as the deviation 
of the code trarlsition 
points 
from 
the ideal transfer 
point 
on a 
straight 
line from the zero to the full scale of the device. 


2Full scale calibration 
is guaranteed 
trimmable 
to zero with an external 
200n 
potentiometer 
in place of the ISO 
fixed resistor. 
Full scale is defined 
as 10 volts minus 
lLSB, 
or 9.961 
volts. 


3Defined 
as the resolution 
for which 
no missing 
codes will occur. 
_ 


"The 
data output 
lines have active puU.ups 
to source 
O.SmA. 
The 
DATA 
READY 
line is open collector 
with 
a nominal 
6kfi 
internal 
pull-up 
resistor. 
Specifications subject to change without notice. 


Specifications 
shown 
in boldface 
are tested 
on all production 
units 
at final 
electrical 
test. 
Results 
from those 
tests are used 
to calculate 
outgoing 
quality 
levels. 
All min and max specifications 
are guaranteed, 
although 
only those 


shown 
in boldface 
are tested 
on all production 
units. 


ABSOLUTE MAXIMUM RATINGS 
V + to Digital Common 
. . . . . . . 


V- 
to Digital Common 
. 


Analog Common to Digital Common 
Analog Input to Analog Common 
.. 


Control Inputs 
. . . . . . . . . . . . 
Digital Outputs (High Impedance State) 
Power Dissipation 
. . . . . . . . . . . 


.. 
Oto+7V 
o to -16.5V 
±IV 
. ± 15V 
o to V+ 
o to V + 
800mW 


Temperature 
Relative 
Model 
Range 
Accuracy 
Package Option 1 


AD673JN 
Oto +70·C 
" 1I2LSBmax 
Plastic DIP (N-20) 


AD673JD 
010 + 70·C 
" 1I2LSBmax 
Ceramic DIP (D-20) 


AD673SD' 
- SS·Cto + 12S·C 
" 1I2LSBmax 
Ceramic DIP (D-20) 


AD673JP 
Oto +70·C 
" 1I2LSBmax 
PLCC(P-20A) 


NOTES 
10 = Ceramic DIP; N = PlasticDIP;P = Plastic Leaded Chip Carrier. Foroutlineinfonnation 
• 


see Package Information section. 
2Fordetails on grade and package offering screened-in accordana: 
wilh MIL-STD·883. 
refer 
to the Analog Devices Military Products Databook. 


FUNCTIONAL 
DESCRIPTION 
A block diagram of the AD673 is shown in Figure I. The positive 
CONVERT 
pulse must be at least 500ns wide. DR goes high 
within 1.511-safter the leading edge of the converT pulse indicating 
that the internal logic has been reset. The negative edge of the 
CONVERT 
pulse initiates the conversion. The internal 8-bit 
current output DAC is sequenced by the integrated 
injection 
logic (I2L) successive approximation 
register (SAR) from its 
most significant bit to least significant bit to provide an output 
current which accurately balances the input signal current through 
the 5kO resistor. The comparator determines whether the addition 
of each successively weighted bit current causes the DAC current 
sum to be greater or less than the input current; 
if the sum is 
more, the bit is turned off. After testing all bits, the SAR contains 
a 8-bit binary code which accurately represents 
the input signal 
to within (0.05% of full scale). 
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The SAR drives DR low to indicate that the conversion is complete 
and that the data is available to the output buffers. DATA 
ENABLE 
can then be activated to enable the 8-bits of data 
desired. DATA ENABLE 
should be brought high prior to the 


next conversion to place the output buffers in the high impedance 
state. 


The temperature 
compensated 
buried Zener reference provides 
the primary voltage reference to the DAC and ensures excellent 
stability with both time and temperature. 
The bipolar offset 
input controls a switch which allows the positive bipolar offset 
current (exactly equal to the value of the MSB less l/,LSB) to be 
injected into the summing ( + ) node of the comparator 
to offset 
the DAC output. 
Thus the nominal 0 to + lOV unipolar input 
range becomes a - 5V to + 5V range. The 5kO thin film input 
resistor is trimmed so that with a full scale input signal, an 
input current will be generated which exactly matches the DAC 
output with all bits on. 


UNIPOLAR 
CONNECTION 
The AD673 contains all the active components 
required 
to 
perform a complete AID conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies ( + 5V 
and - 12V to - 15V), the analog input and the convert pulse. 
However, there are some features and special connections 
which 
should be considered for achieving optimum 
performance. 
The 
functional pin-out is shown in Figure 2. 


The standard unipolar 0 to + 10V range is obtained by shorting 
the bipolar offset control pin (pin 16) to digital common 
(pin 17). 


Full Scale Calibration 
The 5kO thin film input resistor is laser trimmed to produce a 
current which matches the full scale current of the internal 
DAC-plus 
about O.3%-when an analog input voltage of 9.961 
volts (10 volts - lLSB) is applied at the input. The input resistor 
is trimmed in this way so that if a fine trimming potentiometer 
is inserted in series with the input signal, the input current at 
the full scale input voltage can be trimmed down to match the 
DAC full scale current as precisely as desired. However, for 
many applications the nominal 9.961 volt full scale can be achieved 
to sufficient accuracy by simply inserting a 150 resistor in series 
with the analog input to pin 14. Typical full scale calibration 
error will then be within 
± 2LSB or ± 0.8%. If more precise 
calibration is desired, a 2000 trimmer should be used instead. 
Set the analog input at 9.961 volts, and set the trimmer so that 
the output code is just at the transition between 111111 10 and 
11111111. Each LSB will then have a weight of 39.06mV. If a 
nominal full scale of 10.24 volts is desired (which makes the 
LSB have a weight of exactly 40.0mV), a 1000 resistor and a 
1000 trimmer (or a 2000 trimmer with good resolution) should 
be used. Of course, larger full scale ranges can be arranged by 
using a larger input resistor, but linearity and full scale temperature 
coefficient may be compromised 
if the external resistor becomes 
a sizeable percentage of 5kO. Figure 3 illustrates the connections 
required for full scale calibration. 


Unipolar 
Offset Calibration 
Since the Unipolar Offset is less than ± VzLSB for all versions 
of the AD673, most applications will not require trimming. 
Figure 4 illustrates two trimming methods which can be used if 
greater accuracy is necessary. 


Figure 
4a. 


Figure 4. 
Unipolar 
Offset 
Trimming 


Figure 4a shows how the converter zero may be offset to correct 
for initial offset and/or input signal offsets. As shown, the circuit 
gives approximately 
symmetrical adjustment 
in unipolar mode. 


Figure 5 shows the nominal transfer curve near zero for an 
AD673 in unipolar mode. The code transitions 
are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transitions so that they fall between the nominal 
bit weights, as shown in the offset characteristics. 
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Figure 5. A0673 
Transfer 
Curve - Unipolar 
Operation 
(Approximate 
Bit Weights 
Shown 
for Illustration, 
Nominal 
Bit Weights 
% 39.06mV! 


This offset can easily be accomplished 
as shown in Figure 4b. 
At balance (after a conversion) approximately 
2mA flows into 
the Analog Common terminal. A 100 resistor in series with this 
terminal will result in approximately 
the desired 
Vz bit offset of 
the transfer characteristics. 
The nominal 2mA Analog Common 
current is not closely controlled in manufacture. 
If high accuracy 
is required, 
a 200 potentiometer 
(connected as a rheostat) can 
be used as Rl. Additional negative offset range may be obtained 
by using larger values of R1. Of course, if the zero transition 
point is changed, the full scale transition point will also move. 
Thus, if an offset of V2LSBis introduced, 
full scale trimming as 
described on the previous page should be done with an analog 
input of 9.941 volts. 


NOTE: 
During a conversion, transient currents from the Analog 
Common terminal will disturb the offset voltage. Capacitive 
decoupling should not be used around the offset network. These 
transients will settle appropriately during a conversion. Capacitive 
decoupling will "pump up" and fail to settle resulting in conversion 
errors. Power supply decoupling, which returns to analog signal 
common, should go to the signal input side of the resistive 
offset network. 


BIPOLAR CONNECTION 
To obtain the bipolar 
- 5V to + 5V range with an offset binary 
output code, the bipolar offset control pin is left open. 


A - 5.00 volt signal will give a 8-bit code of 0ס0ooooo; an input 
of 0.00 volts results in an output code of 1ס0ooooo and +4.961 
volts at the input yields the 11111111 code. The nominal transfer 
curve is shown in Figure 6. 
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Note that in the bipolar mode, the code transitions are offset 
V,LSB such that an input voltage of 0 volts - 5mV to + 35mV 
yields the code representing 
zero (1ס0ooooo). Each output code 
is then centered on its nominal input voltage. 


Full Scale Calibration 
Full Sc:aleCalibration is accomplished in the same manner as in 
Unipolar operation except the full scale input voltage is +4.61 
volts. 


Negative 
Full Scale Calibration 
The circuit in Figure 4a can also be used in Bipolar operation to 
offset the input voltage (nominally 
- 5V) which results in the 
()()()()()()00 code. R2 should be omitted to obtain a symmetric:al 
range. 


The bipolar offset control input is not directly TTL compatible 
but a TTL interface for logic control can be constructed as 
shown in Figure 7. 
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Figure 
7. 
Bipolar 
Offset Controlled 
by Logic 
Gate 
Gate Output 
= 1 Unipolar 
G-IOV 
Input 
Range 
Gate Output 
= 0 Bipolar 
±5V Input 
Range 


SAMPLE-HOLD 
AMPLIFIER CONNECTION 
TO THE 
AD673 
Many situations in high-speed acquisition systems or digitizing 
rapidly changing signals require a sample-hold amplifier (SHA) 
in front of the A-D convener. 
The SHA can acquire and hold a 
signal faster than the convener can perform a conversion. A 
SHA can also be used to accurately define the exact point in 
time at which the signal is sampled. For the AD673, a SHA can 
also serve as a high input impedance buffer. 


Figure 8 shows the AD673 connected to the AD582 monolithic 
SHA for high speed signal acquisition. 
In this configuration, 
the 
AD582 will acquire a 10 volt signal in less than 101JoSwith a 
droop rate less than lOOj.LV/ms. 


DR goes high after the conversion is initiated to indicate that 
reset of the SAR is complete. In Figure 8 it is also used to put 
the AD582 into the hold mode while the AD673 begins its 
conversion cycle. (The AD582 settles to fmal value well in advance 
of the first comparator decision inside the AD673). 


DR goes low when the conversion is complete placing the AD582 
back in the sample mode. Configured as shown in Figure 8, the 
next conversion can be initiated after a 101JoSdelay to allow for 
signal acquisition by the AD582. 


Observe carefully the ground, supply, and bypass capacitor 
connections between the two devices. This will minimize ground 
noise and interference 
during the conversion cycle. 
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GROUNDING 
CONSIDERATIONS 
The AD673 provides separate Analog and Digital Common 
connections. 
The circttit will operate properly with as much as 
± 200m V of common mode voltage between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog returns. 


In normal operation, 
the Analog Common terminal may generate 
transient currents of up to 2mA during a conversion. 
In addition 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated 
by the variations in input 
signal. 


The absolute maximum voltage rating between the two commons 
is ± I volt. It is recommended 
that a parallel pair of back-to-back 
protection diodes be connected between the commons if they 
are not connected locally. 


CONTROL 
AND TIMING 
OF THE AD673 
The operation of the AD673 is controlled by two inputs: CON- 
VERT and DATA ENABLE. 


Starting 
a Conversion 
The conversion cycle is initiated by a positive-going CONVERT 
pulse at least 500ns wide. The rising edge of this pulse resets 
the internal logic, clears the result of the previous conversion, 
and sets DR high. The falling edge of CONVERT 
begins the 
conversion cycle. When conversion is completed 
DR returns 
low. During the conversion cycle, DE should be held high. If 
DE goes low during a conversion, 
the data output buffers will 
be enabled and intermediate 
conversion results will be present 
on the data output pins. This may cause bus conflicts if other 
devices in a system are trying to use the bus. 
~H-' 
"'~ 


CONVERT ~~--4--------- 
-_-_-_-_- ; 


OR --------1~VOL 
----,---- 


Reading the Data 
The three-state 
data output buffers is enabled by DE. Access 
time of these buffers is typically 150ns (250 maximum). 
The 
Data outputs remain valid until SOns after the enable signal 
returns high, and are completely into the high-impedance 
state 
lOOns later. 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 


CONVERT Pulse Width 
tes 
500 
- 
- 
ns 
DR Delay from CONVERT 
tose 
- 
I 
1.5 
fLS 
Conversion Time 
te 
10 
20 
30 
fLS 


Data Access Time 
too 
0 
ISO 
250 
ns 
Data Valid after DE 
High 
tHO 
50 
- 
- 
ns 
Output Float Delay 
tHL 
- 
100 
200 
ns 


MICROPROCESSOR 
INTERFACE 
CONSIDERATIONS 
- 
GENERAL 
When an analog-to-digital 
converter like the AD673 is interfaced 
to a microprocessor, 
several details of the interface must be 
considered. First, a signal to start the converter must be generated; 
then an appropriate 
delay period must be allowed to pass before 
valid conversion data may be read. In most applications, 
the 
AD673 can interface to a microprocessor 
system with little or no 
external logic. 


The most popular control signal configuration consists of decoding 
the address assigned to the AD673, then gating this signal with 
the system's WR signal to generate the CONVERT 
pulse, and 
gating it with RD to enable the output buffers. The use of a 
memory address and memory WR and RD signals denotes "mem- 
ory-mapped" 
I/O interfacing, 
while the use of a separate I/O 
address space denotes "isolated I/O" interfacing. 


Figure II shows a generalized diagram of the control logic for 
an AD673 interfaced to an 8-bit data bus, where an address 
ADC ADDR has been decoded. ADC ADDR starts the converter 
when written to (the actual data being written to the converter 
does not matter) and contains the high byte data during read 
operations. 


',,-',{ 


Figure 
11. 
General 
AD673 
Interface 
to 8-Bit 
Microprocessor 


Interfacing to the AD673 


In systems where this read-write interface is used, at least 30 
microseconds 
(the maximum conversion time) must be allowed 
to pass between starting a conversion and reading the results. 
This delay or "timeout" 
period can be implemented 
in a short 
software routine such as a countdown loop, enough dummy 
instructions 
to consume 30 microseconds, or enough actual 
useful instructions 
to consume the required time. In tightly-timed 
systems, the DR line may be read through an external three-state 
buffer to determine precisely when a conversion is complete. 
Higher-speed 
systems may choose to use DR to signal an interrupt 
to the processor at the end of a conversion. 
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CONVERT Pulse Generation 
The AD673 is tested with a CONVERT 
pulse width of 500ns 
and will typically operate with a pulse as short as 300ns. However, 
some microprocessors 
produce active WR pulses which are 
shorter than this. Either of the circuits shown in Figure 13 can 
be used to generate an adequate CONVERT pulse for the AD673. 
In both circuits, the short low-going WR pulse sets the CONVERT 
line high through a flip-flop. The rising edge of DR (which 
signifies that the internal logic has been reset) resets the flip-flop 
and brings CONVERT 
low, which starts the conversion. 


Note that tDse is slightly longer when the result of the previous 
conversion contains a logic 1 on the LSB. This means that the 
acrual CONVERT 
pulse generated by the circuits in Figure 13 
will vary slightly in width. 
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YDEVICES 
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FEATURES 
Complete 12-Bit AID Converter with Reference 
and Clock 
Faster Version of AD574A 
8- and 16-Bit Bus Interface 
No Missing Codes Over Temperature 
15 fLsmax Conversion Time 
±12 V and ±15 V Operation 
Unipolar and Bipolar Inputs 


NOT RECOMMENDED FOR NEW DESIGNS, REPLACE 
WITH AD674B (SEE PAGE 2-109) 


PRODUCT 
DESCRIPTION 
The AD674A is a complete 12-bit successive-approximation 
analog-to-digital converter with three-state output buffer cir- 
cuitry for direct interface to an 8- and 16-bit microprocessor 
bus. A high-precision 
voltage reference and clock are included 
on-chip, and the circuit requires only power supplies and con- 
trol signals for operation. 


The AD674A is pin compatible with the industry-standard 
AD574A but offers faster conversion time and bus-access speed. 


The AD674A design is implemented with two LSI chips each 
containing both analog and digital circuitry, resulting in the 
maximum performance and flexibility at the lowest cost. The 
chips are laser trimmed at the wafer stage to obtain full rated 
performance without external trims. 


The AD674A is available in six different grades. The AD674AJ, 
K, and L grades are specified for operation over the 0 to + 70°C 
temperature 
range. The AD674AS, T, and U are specified for 
the - 55°C to + 125°C range. All grades are available in a 28-pin 
hermetically sealed ceramic DIP. 


The S, T, and U grades are also available with optional process- 
ing to MIL-STD-883C, 
Class B in a 28-pin DIP or 28-pin LCC 
package. The Analog Devices Military Products Databook 
should be consulted for details on 1883B testing of the AD674A. 
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PRODUCT HIGHLIGHTS 
1. The AD674A interfaces to most 8- or 16-bit microprocessors. 
Multiple-mode 
three-state output buffers connect directly to 
the data bus while the read and convert commands are taken 
from the control bus. The 12 bits of output data can be read 
either as one 12-bit word or as two 8-bit bytes (one with 8 
data bits, the other with 4 data bits and 4 trailing zeroes). 


2. The precision, laser-trimmed 
scaling and bipolar offset resis- 


tors provide four calibrated ranges: 0 to + 10 and 0 to + 20 
volts unipolar, 
-5 to +5 and -10 
to + 10 volts bipolar. Typ- 
ical bipolar offset and full-scale calibration errors of ±O.I % 
can be trimmed to zero with one external component each. 


3. The internal buried Zener reference is trimmed to 10.00 volts 


with 1% maximum error and 15 ppmfOC typical T.C. The 
reference is available externally and can drive up to 2.0 mA 
beyond the requirements 
of the reference and bipolar offset 
resistors. 


AD674A-SPECIFICATIONS 
(@+25°&withVcc=+15Vor+12V,VLOGlc=+5V,VEE=-15Vor 
-12 V unless otherwise indicated) 


A0674Aj 
A0674AK 
A0674AL 


Model 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
12 
12 
12 
Bits 


LINEARITY 
ERROR 
±I 
±1/2 
±112 
LSB 
Tmin to Tmax 
±I 
±I12 
±I12 
LSB 


DIFFERENTIAL 
LINEARITY 
ERROR 


(Minimum 
resolution 
for which no 
missing codes are guaranteed) 


Tmin to Tmax 
11 
12 
12 
Bits 


UNIPOLAR 
OFFSET 
(Adjustable 
to Zero) 
±2 
±2 
±2 
LSB 


BIPOLAR 
OFFSET 
(Adjustable 
to Zero) 
±IO 
±4 
±4 
LSB 


FULL-SCALE 
CALIBRATION 
ERROR 


(With fixed 50 G resistor from REF OUT to REF IN) 
(Adjustable 
to Zero) 
0.1 
0.25 
0.1 
0.25 
0.1 
0.25 
% of FS 


TEMPERATURE 
RANGE 
0 
+70 
0 
+70 
0 
+70 
'C 


TEMPERATURE 
COEFFICIENTS 


(Using Internal 
Reference) 


Tmin to Tmax 


Unipolar Offset 
±2 (10) 
±I (5) 
±I (5) 
LSB (ppmf'C) 


Bipolar Offset 
±2 (10) 
±I (5) 
±I (5) 
LSB (ppmf'C) 


Full-Scale Calibration 
±9 (50) 
±5 (27) 
±2 (10) 
LSB (ppmf'C) 


POWER 
SUPPLY 
REJECTION 
Max Change in Full-Scale Calibration 


Va:; = 15 V ± 1.5 Vor 
12 V ± 0.6 V 
±2 
±I 
±I 
LSB 
VLOGlC = 5 V ± 0.5 V 
±1/2 
±1/2 
±1/2 
LSB 


VEE = -15 
V ± 1.5 V or -12 
V ± 0.6 V 
±2 
±I 
±I 
LSB 


ANALOG 
INPUT 
Input Ranges 
Bipolar 
-5 
+5 
-5 
+5 
-5 
+5 
Volts 


-10 
+10 
-10 
+10 
-10 
+10 
Volts 
Unipolar 
0 
+10 
0 
+10 
0 
+10 
Volts 


0 
+20 
0 
+20 
0 
+20 
Volts 


Input Impedance 
10 Volt Span 
3 
5 
7 
3 
5 
7 
3 
5 
7 
kG 
20 Volt Span 
6 
10 
14 
6 
10 
14 
6 
10 
14 
kG 


DIGITAL 
CHARACTERISTICS 
(T nUn to T m•• ) 


Inputs 
Logic "1" Voltage 
+2.0 
+5.5 
+2.0 
+5.5 
+2.0 
+5.5 
Volts 
Logic "0" Voltage 
-0.5 
+0.8 
-0.5 
+0.8 
-0.5 
+0.8 
Volts 


Current 
-100 
+100 
-100 
+100 
-100 
+100 
~A 
Capacitance 
5 
5 
5 
pF 
Outputs 
(DBll-OBO, 
STS) 


Logic "1" Voltage (lSOURCE 
s500 
~A) 
+2.4 
+2.4 
+2.4 
Volts 
Logic "0" Voltage (lSINK 
sl.6 
mAl 
+0.4 
+0.4 
+0.4 
Volts 
Leakage (DBll-DBO, 
High-Z State) 
-20 
+20 
-20 
+20 
-20 
+20 
~A 
Capacitance 
5 
5 
5 
pF 


POWER 
SUPPLIES 
Operating 
Range 
VLOG1C 
+4.5 
+5.5 
+4.5 
+5.5 
+4.5 
+5.5 
Volts 


Va:; 
+1l.4 
+16.5 
+11.4 
+16.5 
+11.4 
+16.5 
Volts 
VEE 
-11.4 
-16.5 
-11.4 
-16.5 
-11.4 
-16.5 
Volts 


Operating 
Current 
ILOGIC 
30 
40 
30 
40 
30 
40 
mA 
Ia:; 
2 
5 
2 
5 
2 
5 
mA 


lEE 
18 
29 
18 
29 
18 
29 
mA 


POWER 
DISSIPATION 
390 
720 
390 
720 
390 
720 
mW 


INTERNAL 
REFERENCE 
VOLTAGE 
9.9 
10.0 
10.1 
9.9 
10.0 
10.1 
9.9 
10.0 
10.1 
Volts 


Output 
current 
(available for external loads)' 
2.0 
2.0 
2.0 
mA 


(External load should not change during conversion) 


NOTES 
IThe reference 
should 
be buffered 
for operation 
on ± 12 V supplies. 


Specifications 
subject 
to change 
without 
notice. 


Specifications 
shown 
in boldface 
are tested 
on all production 
units 
at final elec- 


trical test. 
Results 
from those 
tests are used to calculate 
outgoing 
quality 
levels. 


All min and max specifications 
are guaranteed) 
although 
only 
those 
shown 
in 
boldface 
are tested 
on all production 
units. 


AD674AS 
AD674AT 
AD674AU 
Model 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
12 
12 
12 
Bits 


LINEARITY 
ERROR 
±I 
±I12 
±1/2 
LSB 
Tmin to Tmax 
±1 
±I 
±I 
LSB 


DIFFERENTIAL 
LINEARITY 
ERROR 


(Minimum 
resolution 
for which no 
missing codes are guaranteed) 


Tmin to Tmax 
II 
12 
12 
Bits 


UNIPOLAR 
OFFSET 
(Adjustable 
to Zero) 
±2 
±2 
±2 
LSB 


BIPOLAR 
OFFSET 
(Adjustable 
to Zero) 
±IO 
±4 
±4 
LSB 


FULL-SCALE 
CALIBRATION 
ERROR 


(With fIxed 50 fl resistor from REF OUT to REF IN) 
(Adjustable 
to Zero) 
0.1 
0.25 
0.1 
0.25 
0.1 
0.25 
% ofFS 


TEMPERATURE 
RANGE 
-55 
+125 
-55 
+125 
-55 
+125 
·C 


TEMPERATURE 
COEFFICIENTS 


(Using Internal 
Reference) 


Tmin to Tmax 


Unipolar 
Offset 
±2 (5) 
±I (2.5) 
±I (2.5) 
LSB (ppml"C) 


Bipolar Offset 
±4 (10) 
±2 (5) 
±1 (2.5) 
LSB (ppml"C) 


Full-Scale Calibration 
±20 (50) 
±10 (25) 
±5 (12.5) 
LSB (ppml"C) 


POWER 
SUPPLY 
REJECTION 
Max Change in Full-Scale Calibration 
Vcc = 15 V ± 1.5 Vor 
12 V ± 0.6 V 
±2 
±1 
±1 
LSB 
VLOGIC= 5 V ± 0.5 V 
±I12 
±I12 
±I12 
LSB 
VEE=-15 
V ± 1.5 Vor 
-12 
V ± 0.6 V 
±2 
±1 
±1 
LSB 


ANALOG 
INPUT 
Input Ranges 
Bipolar 
-5 
+5 
-5 
+5 
-5 
+5 
Volts 


-10 
+10 
-10 
+10 
-10 
+10 
Volts 


Unipolar 
0 
+10 
0 
+10 
0 
+10 
Volts 


0 
+20 
0 
+20 
0 
+20 
Volts 
Input 
Impedance 
10 Volt Span 
3 
5 
7 
3 
5 
7 
3 
5 
7 
kfl 
20 Volt Span 
6 
10 
14 
6 
10 
14 
6 
10 
14 
kfl 


DIGITAL 
CHARACTERISTICS 
(T m;n to T m •• ) 


Inputs 
Logic "1" Voltage 
+2.0 
+5.5 
+2.0 
+5.5 
+2.0 
+5.5 
Volts 


Logic "0" Voltage 
-0.5 
+0.8 
-0.5 
+0.8 
-0.5 
+0.8 
Volts 


Current 
-100 
+100 
-100 
+100 
-100 
+100 
~A 
Capacitance 
5 
5 
5 
pF 
Outputs 
(DB11-DBO, 
STS) 
Logic "1" Voltage (lsOURCE00500 ~A) 
+2.4 
+2.4 
+2.4 
Volts 


Logic "0" Voltage (IS1NK 001.6 mAl 
+0.4 
+0.4 
+0.4 
Volts 


Leakage (DB11-DBO, 
High-Z 
State) 
-20 
+20 
-20 
+20 
-20 
+20 
~A 
Capacitance 
5 
5 
5 
pF 


POWER 
SUPPLIES 
Operating 
Range 


VLOGIC 
+4.5 
+5.5 
+4.5 
+5.5 
+4.5 
+5.5 
Volts 


Vcc 
+11.4 
+16.5 
+11.4 
+16.5 
+11.4 
+16.5 
Volts 


VEE 
-11.4 
-16.5 
-11.4 
-16.5 
-11.4 
-16.5 
Volts 


Operating 
Current 
ILOG1C 
30 
40 
30 
40 
30 
40 
mA 
Icc 
2 
5 
2 
5 
2 
5 
mA 
lEE 
18 
29 
18 
29 
18 
29 
mA 
POWER 
DISSIPATION 
390 
720 
390 
720 
390 
720 
mW 
INTERNAL 
REFERENCE 
VOLTAGE 
9.9 
10.0 
10.1 
9.9 
10.0 
10.1 
9.9 
10.0 
10.1 
Volts 


Output 
current 
(available for externalloads)l 
2.0 
2.0 
2.0 
mA 


(External 
load should not change during conversion) 


• 


NOTES 
lThe 
reference 
should 
be buffered 
for operation 
on :t 12 V supplies. 


Specifications 
subject 
to change 
without 
notice. 


Specifications 
shown 
in boldface 
are tested 
on all production 
units 
at final elee· 
rrical test. 
Results 
from those 
tests are used to calculate 
outgoing 
quality 
levels. 


All min and max specifications 
are guaranteed, 
although 
only those 
shown 
in 
boldface 
are tested 
on all production 
units. 


ABSOLUTE 
MAXIMUM 
RATINGS· 


VCCto Digital Common 
0 to + 16.5 V 
VEE to Digital Common 
0 to -16.5 
V 
VLOGICto Digital Common 
0 to + 7 V 


Analog Common to Digital Common 
±l V 


Digital Inputs to Digital Common .. 
-0.5 
V to VLOGIC+0.5 V 


Analog Inputs to Analog Common 
VEE to Vcc 
20 VIN to Analog Common 
±24 V 
REF OUT 
Indefinite Short to Common 
Momentary Short to Vcc 


Chip Temperature 
175·C 


Power Dissipation 
825 mW 
Lead Temperature, 
Soldering 
300·C, 10 sec 
Storage Temperature 
-65·C 
to + 150·C 


NOTE 
"Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tosc 
STS Delay from CE 
200 
ns 
tHEC 
CE Pulse Width 
50 
ns 


tsse 
CS to CE Setup 
50 
ns 
tHSC 
CS Low During CE High 
50 
ns 
tSRC 
R/E to CE Setup 
50 
ns 
tHRC 
R/E Low During CE High 
50 
ns 
tSAC 
Ao to CE Setup 
0 
ns 
tHAC 
Ao Valid During CE High 
50 
ns 
te 
Conversion Time 
8-Bit Cycle 
6 
8 
10 
f.LS 


12-Bit Cycle 
9 
12 
15 
f.LS 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


too 
Access Time (from CE) 
75 
150 
ns 
tHO 
Data Valid after CE Low 
25 
ns 
tHL 
Output Float Delay 
150 
ns 


tSSR 
CS to CE Setup 
50 
ns 


tSRR 
R/E to CE Setup 
0 
ns 
tSAR 
Ao to CE Setup 
50 
ns 
tHSR 
CS Valid Mter CE Low 
0 
ns 
tHRR 
R/E High Mter CE Low 
0 
ns 
tHAR 
Ao Valid After CE low 
50 
ns 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tHRL 
Low R/C Pulse Width 
50 
ns 
tos 
STS Delay from R/E 
200 
ns 
tHOR 
Data Valid After R/E Low 
25 
ns 
tHS 
STS Delay After Data Valid 
30 
55 
600 
ns 
tHRH 
High R/E Pulse Width 
150 
ns 
tOOR 
Data Access Time 
150 
ns 
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I 
Figure 3. Low Pulse for RiG-Outputs Enabled After 
Conversion 


Figure 4. High Pulse for RiG-Outputs Enable While RIG 
High, Otherwise High-Z 


ORDERING 
GUIDE 


Linearity 
Error 
No Missing Codes 
Full Scale 
Package 
Model 
Temperature 
Range 
(T m;D to T m",,) 
(T miD to T max) 
T.C. (ppm/"C) 
Option· 


AD674AJD 
o to +70·C 
±l 
LSB 
11 Bits 
50.0 
D-28 
AD674AKD 
o to +70·C 
±l/2 
LSB 
12 Bits 
27.0 
D-28 


AD674ALD 
o to +70·C 
±l/2 
LSB 
12 Bits 
10.0 
D-28 


AD674ASD 
-55·C 
to + 125·C 
±l 
LSB 
11 Bits 
50.0 
D-28 
AD674ATD 
- 55·C to + 125·C 
±l 
LSB 
12 Bits 
25.0 
D-28 
AD674AUD 
- 55·C to + 125·C 
±l 
LSB 
12 Bits 
12.5 
D-28 


~ANALOG 
WDEVICES 


I 
FEATURES 
Complete Monolithic 
12-Bit AID Converters with 
Reference, Clock, and Three-State Output Buffers 
Industry Standard Pinout 
High Speed Upgrades for AD574A 
8- and 16-Bit Microprocessor Interface 
8 ,..s (maxI Conversion Time (AD774BI 
15 ,..s (max) Conversion Time (AD674B) 
±5 V, ±10 V, 0-10 V, 0-20 V Input Ranges 
Commercial, Industrial and Military Temperature 
Range Grades 
MIL-STD-883 Compliant Versions Available 


PRODUCT 
DESCRIPTION 
The AD674B and AD774B are complete 12-bit successive- 
approximation 
analog-to-digital converters with three-state 
output buffer circuitry for direct interface to 8- and 16-bit 
microprocessor busses. A high precision voltage reference and 
clock are included on chip, and the circuit requires only power 
supplies and control signals for operation. 


The AD674B and AD774B are pin compatible with the industry- 
standard ADs74A, but offer faster conversion time and bus- 
access speed than the ADs74A and lower power consumption. 
The AD674B converts in IS IJ.S (maximum) and the AD774B 
converts in 8 IJ.S (maximum). 


The monolithic design is implemented 
using Analog Devices' 
BiMOS II process allowing high performance bipolar analog cir- 
cuitry to be combined on the same die with digital CMOS logic. 
Offset, linearity and scaling errors are minimized by active laser- 
trimming of thin-film resistors. 


Five different grades are available. The J and K grades are spec- 
ified for operation over the O°Cto + 70°C temperature 
range. 
The A and B grades are specified from -40°C to +8SoC, the T 
grade is specified from -55°C to + l2S°e. The J and K grades 
are available in a 28-pin plastic DIP or 28-lead SOIC. All other 
grades are available in a 28-pin hermetically sealed ceramic DIP. 
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PRODUCT 
HIGHLIGHTS 
1. Industry Standard Pinout: 
The AD674B and AD774B utilize 
the pinout established by the industry standard ADs74A. 


2. Analog Operation: 
The precision, laser-trimmed 
scaling and 
bipolar offset resistors provide four calibrated ranges: 0 to 
+ 10 V and 0 to +20 V unipolar; 
-5 V to +5 V and -10 V 
to + 10 V bipolar. The AD674B and AD774B operate on 
+5 V and ± 12 V or ± IS V power supplies. 


3. Flexible Digital Interface: 
On-chip multiple-mode 
three-state 
output buffers and interface logic allow direct connection to 
most microprocessors. 
The 12 bits of output data can be read 
either as one 12-bit word or as two 8-bit bytes (one with 8 
data bits, the other with 4 data bits and 4 trailing zeros). 


4. The internal reference is trimmed to 10.00 volts with 1% 
maximum error and 10 ppml°C typical temperature 
coeffi- 
cient. The reference is available externally and can drive up 
to 2.0 mA beyond the requirements 
of the converter and bi- 
polar offset resistors. 


s. The AD674B and AD774B are available in versions compli- 
ant with MIL-STD-883. 
Refer to the Analog Devices Mili- 
tary Products Databook or current AD674B/AD774B/883B 
data sheet for detailed specifications. 


AD6748/AD774B-SPECIFICATIONS 
(TM1Nto TIW with Vcc = +15 V ± 10% or +12 V ± 5%. 
VlDGiC = +5 V ± 10%, VEE = -15 
V ± 10% or -12 
V ± 5% unless otherwise indicated) 


J Grade 
KGrade 
Model (AD6748 or AD7748) 
I 
Min 
Typ 
Max 
Min 
Typ 
Max 


RESOLUTION 
12 
12 


LINEARITY 
ERROR @ +25·C 
±I 
±112 
TMIN toTMAx 
±I 
±112 


DIFFERENTIAL 
LINEARITY 
ERROR 
, 
". 


(Minimum Resolution for Which No 
Missing Codes are Guaranteed) 
12 
12 
- 


UNIPOLAR 
OFFSET' 
@ +25·C 
±2 
±2 


BIPOLAR OFFSET' 
@ +25·C 
±6 
±3 


FULL-SCALE 
CALIBRATION 
ERROR1• 
2 @' +25·C 


(with Fixed 50 n Resistor from REF OUT to REF IN) 
0.1 
0.25 
0.1 
0.125 


TEMPERATURE 
RANGE 
0 
+70 
0 
+70 


TEMPERATURE 
DRIFT' 


(Using Internal Reference) 


Unipolar 
±2 
±I 
Bipolar Offset 
±2 
±I 
Full-Scale Calibration 
±6 
±2 


POWER SUPPLY REJECTION 
Max Change in Full-Scale Calibration 
Vcc = 15 V ± I.S V or 12 V ± 0.6 V 
±2 
±I 


VLOGIC= 5 V ± 0.5 V 
±1/2 
±1/2 


VEE = -15 V ± 1.5 Vor 
-12 V ± 0.6 V 
±2 
±I 


ANALOG INPUT 
Input Ranges 
Bipolar 
-5 
+5 
-5 
+5 
-10 
+10 
-10 
+10 
Unipolar 
0 
+10 
0 
+10 
0 
+20 
0 
+20 
Input Impedance 


10 Volt Span 
3 
5 
7 
3 
5 
7 


20 Volt Span 
6 
10 
14 
6 
10 
14 


POWER SUPPLIES 
Operating Range 
VLOGIC 
+4.5 
+5.5 
+4.5 
+5.5 
Vcc 
+11.4 
+16.5 
+11.4 
+16.5 
VEE 
-16.5 
-11.4 
-16.5 
-11.4 
Operating Current 
ILOGIC 
3.5 
7 
3.5 
7 
Icc 
3.5 
7 
3.5 
7 


lEE 
10 
14 
10 . 
14 


POWER CONSUMPTION 
220 
375 
220 
375 
175 
175 


INTERNAL 
REFERENCE 
VOLTAGE 
9.9 
10.0 
10.1 
9.9 
10.0 
10.1 
Output Current (Available for External Loads) 
2.0 
2.0 


(External Load Should Not Change During the Conversion) 


NOTES 


IAdjustable to zero. 
2Includes internal voltage reference error. 
JMaximum change from +25°C value to the value at TM1N or TMAX' 
'Tested wiIh REF OUT tied 10 REF IN Ihrough 50 n resistor, Vcc 
~ 
+16.5 V, VEE = -16.5 V, VeOG1c 
= +5.5 V, and outputs in high-Z mode. 
'Tested wiIh REF OUT tied to REF IN Ihrough 50 n resistor, Vcc 
= +12 V, VEE = -12 V, VeOG1c 
~ 
+5 V, and outputs in high-Z mode. 
Specifications subject to change without notice. 
Specifications shown in boldface are tested on all devices at final electrical test at T MIN' 
+25°C, and T MAX' 
and resuhs from those tests are used to calculate 


OUtgoing quality 
Jevds. 
AU min and max specifications 
are guaranteed, 
although 
only those shown in boldface arc tested. 


A Grade 
B Grade 
T Grade 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


12 
12 
12 
Bits 


±1 
±112 
±112 
LSB 
±1 
±112 
±1 
LSB 


12 
12 
12 
Bits 


±2 
±2 
±2 
LSB 


±6 
±3 
±3 
LSB 


0.1 
0.25 
0.1 
0.125 
0.1 
0.125 
% ofFS 


-40 
+85 
-40 
+85 
-55 
+l25 
°C 


±2 
±1 
±1 
LSB 
±2 
±1 
±2 
LSB 
±8 
±5 
±7 
LSB 


±2 
±1 
±1 
LSB 
±112 
±112 
±112 
LSB 
±2 
±1 
±1 
LSB 


-5 
+5 
-5 
+5 
-5 
+5 
Volts 


-10 
+10 
-10 
+10 
-10 
+10 
Volts 
0 
+10 
0 
+10 
0 
+10 
Volts 
0 
+20 
0 
+20 
0 
+20 
Volts 


3 
5 
7 
3 
5 
7 
3 
5 
7 
kO 
6 
10 
14 
6 
10 
14 
6 
10 
14 
kO 


+4.5 
+5.5 
+4.5 
+5.5 
+4.5 
+5.5 
Volts 
+11.4 
+16.5 
+11.4 
+16.5 
+11.4 
+ 16.5 
Volts 
-16.5 
-11.4 
-16.5 
-11.4 
-16.5 
-11.4 
Volts 


3.5 
7 
3.5 
7 
3.5 
7 
mA 
3.5 
7 
3.5 
7 
3.5 
7 
mA 
10 
14 
, 
10 
14 
10 
14 
mA 


220 
375 
220 
375 
220 
375 
mW' 
175 
175 
175 
mW' 
9.9 
10.0 
10.1 
9.9 
10.0 
10.1 
9.9 
10.0 
10.1 
Volts 
2.0 
2.0 
2.0 
mA 


• 


DIGITAL SPECIFICATIONS 
(for all grades TM1N to Tw, with Vcc = + t5 V ± 10% or + 12 V ± 5%, VUMlIC = +5 V ± 10%, 
VEE = -15V 
± 10% or -12V 
± 5%) 


Parameter 
Test Conditions 
Min 
Max 
Units 


LOGIC INPUTS 
VIH 
High Level Input Voltage 
+2.0 
VLC>GIC+0.5 V 
V 


VIL 
Low Level Input Voltage 
-0.5 
+0.8 
V 
IIH 
High Level Input Current 
VIN = VLOGIC 
-10 
+10 
!LA 


IlL 
Low Level Input Current 
VIN = 0 V 
-10 
+10 
!LA 


CIN 
Input Capacitance 
10 
pF 


LOGIC OUTPUTS 
VOH 
High Level Output Voltage 
IOH = 0.5 mA 
+2.4 
V 
VOL 
Low Level Output Voltage 
IOL = 1.6 mA 
+0.4 
V 
Ioz 
High-Z Leakage Current 
VIN = 0 to VLOG1C 
-10 
+10 
•.•.A 
Coz 
High-Z Output Capacitance 
10 
pF 


(for all grades TM1N to TMAX with Vcc = +15 V ± 10% or + 12 V ± 5%, 
SWITCHING SPECIFICATIONS 
VLOG1C = +5 V ± 10%, VEE = -15 
V ± 10% or -12 
V ± 5%; unless utherwise noted) 


j, K, A, B Grades 
T Grade 


Parameter 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


Conversion Time 
8-Bit Cycle (AD674B) 
lc 
6 
8 
10 
6 
8 
10 
ILs 
12-Bit Cycle (AD674B 
lc 
9 
12 
15 
9 
12 
15 
ILS 
8-Bit Cycle (AD774B) 
lc 
4 
5 
6 
4 
5 
6 
ILS 
12-Bit Cycle (AD774B) 
lc 
6 
7.3 
g 
6 
7.3 
g 
ILs 
STS Delay from CE 
lose 
200 
225 
ns 
CE Pulse Width 
tHEe 
50 
50 
ns 


Cs to CE Setup 
tsse 
50 
50 
ns 
Cs_Low During CE High 
(HSC 
50 
50 
ns 


RlC to CE Setup 
(SRC 
50 
50 
ns 


RlC Low During CE High 
tHRC 
50 
50 
ns 
A" to CE Setup 
(SAC 
0 
0 
ns 
A" Valid During CE High 
(HAC 
50 
50 
ns 


j, K, A, B Grades 
T Grade 


Parameter 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


Access Time 
CL = 100 pF 
too 
I 
75 
ISO 
75 
150 
ns 
Data Valid After CE Low 
tHO 
25' 
25' 
ns 
20' 
IS' 
ns 
Output 
Float Delay 
tHLs 
ISO 
ISO 
ns 
CS_to CE Setup 
tSSR 
50 
50 
ns 
RlC to CE Setup 
tsaR 
0 
0 
ns 
&to 
CE Setup 
tSAR 
50 
50 
ns 
CS Valid After CE Low 
(HSR 
0 
0 
ns 
RlC High After CE Low 
(HRR 
0 
0 
ns 
A" Valid After CE Low 
(HAR 
50 
50 
ns 


NOTES 


1(00 is measured with the load circuit of Figure 3a and is defined as the time required 
for an output to cross 0.4 V or 2.4 V. 
'O"C to T MAX' 
'At -4lrC. 
'At -55"C. 


5tHL is defmed as the time required for the data lines to change 0.5 V when loaded with 
the circuit of Figure 3b. 
Specifications shown in boldface 
are tested on aU devices at final electrical tcst with 
worst case" supply 
voJrage$ ar T MIN~ +25OC, and T MAX' R~uhs 
from those t~ts 
lire 
used to calculate outgoing quality levels. All min and max specifications are guaranteed, 
although only those shown in boldface are tested. 
Specifications subject to change without notice. 
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ABSOLUTE 
MAXIMUM 
RAl1NGS· 
Va; to Digital Common 
0 to + 16.S V 
VEE to Digital Common 
0 to -16.5 
V 
VLOGIC to Digital Common 
0 to +7 V 
Analog Common to Digital Common 
±I V 
Digital Inputs to Digital Common 
. -O.S V to VLOGIC +O.S V 
Analog Inputs to Analog Common 
VEE to Va; 


20 V,N to Analog Common 
±24 V 
REF OUT 
Indefinite Shon to Common 


................. 
Momentary Shon to Va; 
Junction Temperature 
+ 17SoC 
Power Dissipation 
' 
82S mW 
Lead Temperarure, 
Soldering 
300°C, 10 see 


Storage Temperature 
-6SoC to + ISO°C 


·Sttesses aboveIboseliSledundeI "AbsoluteMaximumRatings"may cause 
permanentdamageto Ibe device.This is a stress",ling onlyand functional 
operation 
of the device 
at these 
or any other conditions 
above 
those 
indicated 
in Ibe operationalsectionof this specificationis not implied. Exposureto 
absolutemaaimum",ling conditionsfor extendedperiodsmayaffectdevice 
reliability. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are insened. 


J, K, A, B Grades 
TGrade 
Parameter 
Symbol MiD Typ 
Mas: 
MiD Typ Mas: Units 


Data AccessTime 
tDoa 
150 
150 
ns 
Low RlC Pulse Widlb 
tHRL 
50 
50 
ns 
STS Delay from RI~ 
tDS 
200 
225 
ns 
Data ValidMter RlC Low 
tHDR 
25 
25 
ns 
STS De!!y Mter Data Valid tHS 
30 
200 
600 
30 
200 
600 
ns 
High RlC Pulse Width 
tHRH 
150 
150 
ns :V1~ 
I ./I-I-~I 
__ I.-t 
HDR 
C __ 
--IHS 


DATA 
HIGH-Z 
0811-080 
VALID 
• 


Conversion 
INL 
Package 
Package 
Model' 
Temperarure 
Time (max) 
(T MIN to T MAX) 
Description 
Option' 


AD674BJN 
O°Cto +70°C 
IS fl.S 
±I LSB 
Plastic DIP 
N-28A 


AD674BKN 
O°Cto +70°C 
IS fl.S 
±112 LSB 
Plastic DIP 
N-28A 


AD674BJR 
O°Cto +70°C 
IS fl.S 
±I LSB 
Plastic sorc 
R-28 


AD674BKR 
O°Cto +70°C 
IS fl.S 
±112 LSB 
Plastic sorc 
R-28 


AD674BAD 
-40°C to +85°C 
IS fl.S 
±I LSB 
Ceramic DIP 
D-28A 
AD674BBD 
-40°C to +85°C 
IS fl.s 
±112 LSB 
Ceramic DIP 
D-28A 
AD674BTD 
- 55°C to + 125°C 
IS fl.S 
±I LSB 
Ceramic DIP 
D-28A 
AD774BJN 
O°Cto +70°C 
8 fl.S 
±I LSB 
Plastic DIP 
N-28A 
AD774BKN 
O°Cto +70°C 
8 fl.S 
±112 LSB 
Plastic DIP 
N-28A 
AD774BJR 
O°Cto +70°C 
IS fl.S 
±I LSB 
Plastic sorc 
R-28 
AD774BKR 
O°Cto +70°C 
15 fl.S 
±1/2 LSB 
Plastic sorc 
R-28 


AD774BAD 
-40°C to + 85°C 
8 fl.S 
±I LSB 
Ceramic DIP 
D-28A 


AD774BBD 
-40°C to + 85°C 
8 fl.S 
±112 LSB 
Ceramic DIP 
D-28A 
AD774BTD 
- 55°C to + 125°C 
8 fl.S 
±! LSB 
Ceramic DIP 
D-28A 


NOTES 
'For details on grade and package offerings screened in accordance with MIL·STD·883, 
refer to the Analug 


Devices Military Products Databook or currene AD674B/AD774B/883B data sheet. 
2N = Plastic DIP; D = Hermetic DIP; R = Plastic SOle. For outline information see Package Information section. 


DEFINmON 
OF SPECIFICATIONS 
LINEARITY 
ERROR 
Linearity error refers to the deviation of each individual code 
from a line drawn from "zero" through "full scale." The point 
used as "zero" occurs 1/2 LSB (1.22 mV for 10 volt span) be- 
fore the first code transition (all zeroes to only the LSB "on"). 
"Full scale" is defmed as a level I 1/2 LSB beyond the last code 
transition (to all ones). The deviation of a code from the true 
straight line is measured from the middle of each particular 
code. 


The K, B, and T grades are guaranteed for maximum non- 
linearity of ± 1/2 LSB. For these grades, this means that an ana- 
log value which falls exactly in the center of a given code width 
will result in the correct digital output code. Values nearer the 
upper or lower transition of the code width may produce the 
next upper or lower digital output code. The J and A grades are 
guaranteed to ± I LSB max error. For these grades, an analog 
value which falls within a given code width will result in either 
the correct code for that region or either adjacent one. 


Note that the linearity error is not user adjustable. 


DIFFERENTIAL 
LINEARITY 
ERROR (NO MISSING 
CODES) 
A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing se- 
quence as the analog input level is increased. Thus every code 
must have a fmite width. The AD674B and AD774B guarantee 
no missing codes to 12-bit resolution, requiring that all 4096 
codes must be present over the entire operating temperature 
ranges. 


UNIPOLAR 
OFFSET 
The fll'St transition should occur at a level 1/2 LSB above analog 
common. Unipolar offset is defmed as the deviation of the actual 
transition from that point. This offset can be adjusted as 
discussed later. The unipolar offset temperature" coefficient spec- 
ifies the maximum change of the transition point over tempera- 
ture, with or without external adjustment. 


BIPOLAR OFFSET 
In the bipolar mode the major carry transition (Olll 
llll 
llll 
to 1000סס ooסס OO)should occur for an analog value 1/2 LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in 
the error over temperature. 


QUANTIZATION 
UNCERTAINTY 
Analog-to-digital converters exhibit an inherent quantization un- 
certainty of ± 1/2 LSB. This uncertainty is a fundamental char- 
acteristic of the quantization process and carmot be reduced for 
a converter of given resolution. 


LEFT-JUSTIFIED 
DATA 
The output data format is left-justified. This means that the 
data represents the analog input as a fraction of full scale, rang- 
ing from 0 to 4095/4096. This implies a binary point 4095 to the 
left of the MSB. 


FULL-SCALE 
CALIBRATION 
ERROR 
The last transition (from Illl 
llll 
IllO to llil 
Illl 
Illl) 


should occur for an analog value I 1/2 LSB below the nominal 
full scale (9.9963 volts for 10.000 volts full scale). The full-scale 
calibration error is Ole deviation of the actual level at the last 
transition from the ideal level. This error, which is typically 
0.05 to 0.1% of full scale, can be trimmed out as shown in Fig- 
ures 7 and 8. The full-scale calibration error o"er temperature 
is 
given with and without the initial error trimmed out. The tem- 
perature coefficients for each grade indicate tne maximum 
change in the full-scale gain from the initial value using the in- 
ternal 10 V reference. 


TEMPERATURE 
DRIFT 
The temperature drift for full-scale calibration, unipolar offset, 
and bipolar offset specifies the maximum change from the initial 
(+25°C) value to the value at TM1N or TMAx' 


POWER SUPPLY REJECTION 
The standard specifications assume use of + 5.00 V and 
±15.00 V or ±12.00 V supplies. The only effect of power sup- 
ply error on the performance of the device will be a small 
change in the full-scale calibration. This will result in a linear 
change in all lower-order codes. The specifications show the 
maximum full-scale change from the initial value with the sup- 
plies at the various limits. 


CODE WIDTH 
A fundamental quantity for AID converter specifications is the 
code width. This is defmed as the range of analog input values 
for which a given digital output code will occur. The nominal 
value of a code width is equivalent to I least significant bit 
(LSB) of the full-scale range or 2.44 mV out of 10 volts for a 
12-bit ADC. 


Symbol 
Pin No. 
Type 
Name and Function 


J 
, 
. 
. 


AGND 
9 
P 
Analog Ground (Common). 


Ao 
4 
DI 
Byte Address/Short Cycle. If a conversion is started with Ao Active LOW, a full 12-bit conversion 
cycle is initiated. If Ao is Active HIGH during a convert start, a shorter 8-bit conversion cycle 
results. During Read (RIC = I) with 12/8 LOW, Ao = 
LOW enables the 8 most significant bits, 


and Ao = HIGH enables DB3-DBO and sets DB7-DB4 
= O. 


BIPOFF 
12 
AI 
Bipolar Offset. Connect through a SOn resistor to.REF OUT for bipolar operation or to Analog 
Common for unipolar operation. 


CE 
6 
DI 
Chip Enable. Chip Enable is Active HIGH and is used to initiate a convert or read operation. 


CS 
3 
DI 
Chip Select. Chip Select is Active LOW. 


DB 11-DB8 
27-24 
DO 
Data Bits 11 through 8. In the 12-bit format (see 12/8 and Ao pins), these pins provide the upper 
4 bits of data. In the 8-bit format, they provide the upper 4 bits when ADis LOW and are 
disabled when Ao is HIGH. 


DB7-DB4 
23-20 
DO 
Data Bits 7 through 4. In the 12-bit format these pins provide the middle 4 bits of data. In the 
8-bit format they provide the middle 4 bits when Ao is LOW and all zeroes when Ao is HIGH. 


DB3-DBO 
19-16 
DO 
Data Bits 3 through O. In both the 12-bit and 8-bit format these pins provide the lower 4 bits of 
data when ADis HIGH; they are disabled when ADis LOW. 


DGND 
IS 
P 
Digital Ground (Common). 


REF OUT 
8 
AO 
+ 10 V Reference Output. 


RlC 
5 
DI 
Read/Convert. In the full control mode RlC is Active HIGH for a read operation and Active LOW 
for a convert operation. In the stand-alone mode, the falling edge of RlC initiates a conversion. 


REF IN 
10 
AI 
Reference Input is connected through a SOn resistor to + 10 V Reference for normal operation. 


STS 
28 
DO 
Status is Active HIGH when a conversion is in progress and goes LOW when the conversion is 
completed. 


Vcc 
7 
P 
+12 V/+IS V Analog Supply. 


VEE 
11 
P 
-12 VI-IS 
V Analog Supply. 


VLOG1C 
I 
P 
+5 V Logic Supply. 


10 VIN 
13 
AI 
10 V Span Input, 0 to +10 V unipolar mode or -5 V to +5 V bipolar mode. When using the 
20 V Span, 10 V1N should not be connected. 


20 VIN 
14 
AI 
20 V Span Input, 0 to + 20 V unipolar mode or -10 V to + 10 V bipolar mode. When using the 
10 V Span, 20 V1N should not be connected. 


12/8 
2 
DI 
The 12/8 pin determines whether the digital output data is to be organized as rwo 8-bit words 
(12/8 LOW) or a single 12-bit word (12/8 
HIGH). 


TYPE: 
AI 
AO 
DI 
DO 
P 


Analog Input 
Analog Output 
Digital Input 
Digital Output 
Power 


DB1' 
(USB) 


0810 


084 


REF IN 
083 


082 


BIPOFF 
OBI 


lOV," 
080 (LSB) 


2OV •• 
OGND 


• 


CIRCUIT OPERATION 
The AD674B and AD774B are complete 12-bit monolithic AID 
converters which require no external components to provide the 
complete successive-approximation 
analog-to-digital conversion 
function. A block diagram is shown in Figure 5. 
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When the control section is commanded to initiate a conversion 
(as described later), it enables the clock and resets the 
successive-approximation 
register (SAR) to all zeroes. Once a 
conversion cycle has begun, it cannot be stopped or restarted 
and data is not available from the output buffers. The SAR, 
timed by the clock, will sequence through the conversion cycle 
and return an end-of-convert flag to the control section. The 
control section will then disable the clock, bring the output 
status flag low, and enable control functions to allow data read 
by external command. 


During the conversion cycle, the internal 12-bit current output 
DAC is sequenced by the SAR from the most-significant-bit 
(MSB) to least-significant-bit (LSB) to provide an output cur- 
rent which accurately balances the input signal current through 
the divider network. The comparator determines whether the 
addition of each successively-weighted bit current causes the 
DAC current sum to be greater or less than the input current; if 
the sum is less, the bit is left on; if more, the bit is turned off. 
After testing all the bits, the SAR contains a 12-bit binary code 
which accurately represents the input signal to within 
:!:1/2 LSB. 


The temperature-compensated 
reference provides the primary 
voltage reference to the DAC and guarantees excellent stability 
with both time and temperature. 
The reference is trimmed to- 


10.00 volts:!: 1%; it can supply up to 2.0 mA to an external load 
in addition to the requirements of the reference input resistor 
(0.5 mAl and bipolar offset resistor (0.5 mAl. Any external load 
on the reference must remain constant during conversion. The 
thin film application resistors are trimmed to match the full- 
scale output current of the DAC. The input divider network 
provides a 10 V or 20 V input range. The bipolar offset resistor 
is grounded for unipolar operation and connected to the 10 volt 
reference for bipolar operation. 


DRIVING THE ANALOG INPUT 
The AD674B and AD774B are successive-approximation 
analog- 
to-digital converters. During the conversion cycle, the AOC 
input current is modulated by the DAC test current at approxi- 
mately a I MHz rate. Thus it is important to recognize that the 
signal source driving the AOC must be capable of holding a 
constant output voltage under dynamically-changing 
load 
conditions . 


IIN 
1$ MODULATED 
BY 
CHANGES 
IN TEST 
CURRENT. 


AMPLIFieR PULSE LOAO 
REsPONSE 
liMITED 
BV 
OPEN LOOPOUTl"UT IMPEDANCE 


The closed-loop output impedance of an op amp is equal to the 
open-loop output impedance (usually a few hundred ohms) di- 
vided by the loop gain at the frequency of interest. It is often 
assumed that the loop gain of a follower-connected op amp is 
sufficiently high to reduce the closed-loop output impedance to 
a negligibly small value, particularly if the signal is low fre- 
quency. However, the amplifier driving the ADC must either 
have sufficient loop gain at I MHz to reduce the closed-loop 
output impedance to a low value or have low open-loop output 
impedance. This can be accomplished by using a wideband op 
amp, such as the AD711. 


If a sample-hold amplifier is required, the monolithic AD585 
or AD781 is recommended, 
with the output buffer driving the 
AD674B or AD774B input directly. A better alternative is the 
ADI674 which is a 10 fJ.Ssamplillg ADC in the same pinout 
as the AD574A, AD674A or AD774B and is functionallv 
equivalenT. 
. 


SUPPLY DECOUPLING 
AND LAYOUT 
CONSIDERA nONS 
It is critically important that the power supplies be filtered, well 
regulated, and free from high frequency noise. Use of noisy sup- 
plies will cause unstable output codes. Switching power supplies 
are not recommended for circuits attempting to achieve 12-bit 
accuracy unless great care is used in filtering any switching 
spikes present in the output. Few millivolts of noise represent 
several counts of error in a 12-bit ADC. 


Decoupling capacitors should be used on all power supply pins; 
the + 5 V supply decoupling capacitor should be connected di- 
rectly from Pin I to Pin IS (digital common) and the ~ Vee and 
- VEE pins should be decoupled directly to analog common (Pin 
9). A suitable decoupling capacitor is a 4.7 fJ.F tantalum type in 
parallel with a 0.1 fJ.Fceramic disc type. 


Circuit layout should attempt to locate the ADC, associated ana- 
log input circuitr\". and interconnections as far as possible from 
logic circuitry. For this reason, the use of wire-wrap circuit con- 
struction is not recommended. 
Careful printed-circuit 
lavout and 
manufacturing is preferred. 
. 


Analog Circuit Details - AD6748/AD77 48 


UNIPOLAR 
RANGE CONNECTIONS 
FOR THE AD674B 
and AD774B 
The AD674B and AD774B contain all the active components 
required to perform a complete 12-bit AID conversion. Thus, 
for most situations, all that is necessary is connection of the 
power supplies (+5 V, + 12/+ IS V and -12/-15 
V), the analog 
input, and the conversion initiation command, as discussed on 
the next page. 
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All of the thin-film application resistors of the AD674B and 
AD774B are factory trimmed for absolute calibration. There- 
fore, in many applications, no calibration trimming will be re- 
quired. The absolute accuracy for each grade is given in the 
specification tables. For example, if no trims are used, ±2 LSB 
max zero offset error and ±0.2S% (lOLSB) max full-scale error 
are guaranteed. If the offset trim is not required, Pin 12 can be 
connected directly to Pin 9; the two resistors and trimmer for 
Pin 12 are then not needed. If the full-scale trim is not required, 
a SOII I% metal film resistor should be connected between Pin 
8 and Pin 10. 


The analog input is connected between Pins 13 and 9 for a 0 to 
+ 10 V input range, between Pins 14 and 9 for a 0 to + 20 V 
input range. Input ,ignals beyond the supplies are easily accom- 
modated. For the 1IJvolt span input, the LSB has a nominal 
value of 2.44 mY; for the 20 volt span, 4.88 mY. If a 10.24 V 
range is desired (nominal 2.5 mY/bit), the gain trimmer (R2) 
should be replaced by a SOII resistor, and a 200 II trimmer in- 
serted in series with the analog input to Pin 13 (for a full-scale 
range of 20.48 V (5 mVlbit), use a 500 II trimmer into Pin 14). 
The gain trim described below is now done with these trimmers. 
The nominal input impedance into Pin 13 is 5 kll, and 10 kll 
into Pin 14. 


UNIPOLAR 
CALIBRATION 
The connections for unipolar ranges are shown in Figure 7. The 
AD674B or AD774B is trimmed to a nominal 1/2 LSB offset so 
that the exact analog input for a given code will be in the mid- 
dle of that code (halfway between the transitions to the codes 
above and below it). Thus, when properly calibrated, the first 
transition (fromסס oo 0000 0000 toסס ooסס oo 0001) will occur 
for an input level of + 1/2 LSB (1.22 mV for 10 V range). 


If Pin 12 is connected to Pin 9, the unit will behave in this man- 
ner, within specifications. If the offset trim (RI) is used, it 
should be trimmed as above, although a different offset can be 
set for a particular system requirement. 
This circuit will give 
approximately ± IS mV of offset trim range. 


The full-scale trim is done by applying a signal I 1/2 LSB below 
the nominal full scale (9.9963 for a 10 V range). Trim R2 to 
give the last transition (1111 1111 1110 to 11111111 1111). 


BIPOLAR OPERATION 
The connections for bipolar ranges are shown in Figure 8. 
Again, as for the unipolar ranges, if the offset and gain specifi- 
cations are sufficient, one or both of the trimmers shown can be 
replaced by a SOn ± I% fixed resistor. The analog input is ap- 
plied as for the unipolar ranges. Bipolar calibration is similar to 
unipolar calibration. First, a signal 1/2 LSB above negative full 
scale (-4.9988 
V for the ±S V range) is applied and RI is 


trimmed to give the first transition (סס OOסס ooסס oo toסס oo 
סס oo 0001). Then a signal I 1/2 LSB below positive full scale 
(+4.9963 V for the ±S V range) is applied and R2 trimmed to 
give the last transition (1111 1111 1110 to 1111 1111 1111). • 
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GROUNDING 
CONSIDERATIONS 
The analog common at Pin 9 is the ground reference point for 
the internal reference and is thus the "high quality" ground for 
the ADC; it should be connected directly to the analog reference 
point of the system. In order to achieve the high accuracy per- 
formance available from the ADC in an environment of high 
digital noise content, it is required that the analog and digital 
commons be connected together at the package. In some situa- 
tions, the digital common at Pin IS can be connected to the 
most convenient ground reference point; digital power return is 
preferred. 
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The AD674B and AD774B contain on-chip logic to provide con- 
version initiation and data read operations from signals com- 
monly available in microprocessor systems; this internal logic 
circuitry is shown in Figure 9. 


The control signals CE, CS, and RlC control the operation of 
the converter. The state of RlC when CE and CS are both as- 
serted determines whether a data read (RIC = 1) or a convert 
(RI~ = 0) is in progress. The register control inputs Ao and 
12/8 control conversion length and data format. If a conversion 
is started with Ao low, a full 12-bit conversion cycle is initiated. 
If Ao is high during a convert start, a shorter 8-bit conversion 
cycle results. During data read operations, Ao determines 
whether the three-state buffers containing the 8 MSBs of the 
conversion result (Ao = 0) or the 4 LSBs (Ao = 1) are enabled. 
The 12/8 pin determines whether the output data is to be orga- 
nized as two 8-bit words (12/8 tied to DIGITAL 
COMMON) or 
a single 12-bit word (12/8 tied to VLOGlC). 
In the 8-bit mode, 
the byte addressed when Ao is high contains the 4 LSBs from 
the conversion followed by four trailing zeroes. This organiza- 
tion allows the data lines to be overlapped for direct interface to 
8-bit buses without the need for external three-state buffers. 


An output signal, STS, indicates the status of the converter. 
STS goes high at the beginning of a conversion and returns low 
when the conversion cycle is complete. 


CE 
CS 
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Ao 
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0 
X 
X 
X 
X 
None 
X 
I 
X 
X 
X 
None 
I 
0 
0 
X 
0 
Initiate 12-Bit Conversion 
I 
0 
0 
X 
1 
Initiate 8-Bit Conversion 
I 
0 
1 
I 
X 
Enable 12-Bit Parallel Output 
I 
0 
1 
0 
0 
Enable 8 Most Significant Bits 
1 
0 
1 
0 
I 
Enable 4 LSBs +4 Trailing Zeroes 


The ADC may be operated in one of two modes, the full-control 
mode and the stand-alone mode. The full-control mode utilizes 
all the control signals and is useful in systems that address de- 
code multiple devices on a single data bus. The stand-alone 
mode is useful in systems with dedicated input ports available. 
In general, the stand-alone mode is capable of issuing start- 
convert commands on a more precise basis and, therefore, pro- 
duces higher accuracy results. The following sections describe 
these two modes in more detail. 


FULL-CONTROL 
MODE 
Chip Enable (CE), Chip Select (CS) and Read/Convert (RlC) are 
used to control Convert or Read modes of operation. Either CE 
or CS may be used to initiate a conversion. The state of RlC 
when CE and CS are both asserted determines whether a data 
Read (RiC = I) or a Convert (RiC = 0) is in progress. RlC 
should be LOW before both CE and CS are asserted; if RlC is 
HIGH, a Read operation will momentarily occur, possibly re- 
sulting in system bus contention. 


STAND-ALONE 
MODE 


"Stand-alone" 
mode is useful in systems with dedicated input 
ports available and thus not requiring full bus interface capabil- 
ity. Stand-alone mode applications are generally able to issue 
conversion start commands more precisely than full-control 
mode, resulting in improved accuracy. 


CE and 12/8 are wired HIGH, CS and Ao are wired LOW, and 
conversion is controlled by RlC. The three-state buffers are en- 
abled when RlC is HIGH and a conversion starts when RlC goes 
LOW. This gives rise to two possible control signals-a 
high 
pulse or a low pulse. Operation with a low pulse is shown in 
Figure 4a. In this case, the outputs are forced into the high im- 
pedance state in response to the falling edge of RlC and return 
to valid logic levels after the conversion cycle is completed. The 
STS line goes HIGH 200 ns after RlC goes LOW and returns 
low 600 ns after data is valid. 


If conversion is initiated by a high pulse as shown in Figure 4b, 
the data lines are enabled during the time when RlC is HIGH. 
The falling edge of RlC starts the next conversion, and the data 
lines return to three-state (and remain three-state) until the next 
high pulse of RlC. 


CONVERSION TIMING 
Once a conversion is started, the STS line goes HIGH. Convert 
start commands will be ignored until the conversion cycle is 
complete. The output data buffers can be enabled up to 1.2 IJ-S 
prior to STS going LOW. The STS line will return LOW at the 
end of the conversion cycle. 


The register control inputs, Ao and 12/8, control conversion 
length and data format. If a conversion is started with Ao LOW, 
a full 12-bit conversion cycle is initiated. If Ao is HIGH during 
a convert start, a shorter 8-bit conversion cycle results. 


During data read operations, Ao determines whether the three- 
state buffers containing the 8 MSBs of the conversion result 
(Ao = 0) or the 4 LSBs (Ao = I) are enabled. The 12/8 pin de- 
termines whether the output data is to be organized as two 8-bit 
words (12/8 tied LOW) or a single 12-bit word (12/8 tied 
HIGH). In the 8-bit mode, the byte addressed when Ao is high 
contains the 4 LSBs from the conversion followed by four trail- 
ing zeroes. This organization allows the data lines to be over- 
lapped for direct interface to 8-bit buses without the need for 
external three-state buffers. 


GENERAL AID CONVERTER INTERFACE 
CONSIDERATIONS 
A typical AID converter interface routine involves several opera- 
tions. First, a write to the ADC address initiates a conversion. 
The processor must then wait for the conversion cycle to com- 
plete, since most integrated circuit ADCs take longer than one 
instruction cycle to complete a conversion. Valid data can, of 
course, only be read after the conversion is complete. The 
AD674B and AD774B provide an output signal (STS) which 
indicates when a conversion is in progress. This signal can be 
polled by the processor by reading it through an external three- 
state buffer (or other input port). The STS signal can also be 
used to generate an interrupt upon completion of conversion if 
the system timing requirements are critical and the processor 
has other tasks to perform during the ADC conversion cycle. 
Another possible time-out method is to assume that the ADC 
will take its maximum 
conversion 
time to convert, 
and insert a 


sufficient number of "no-op" instructions to ensure that this 
amount of processor time is consumed. 


Once conversion is complete, the data can be read. For convert- 
ers with more data bits than are available on the bus, a choice 
of data formats is required, and multiple read operations are 
needed. The AD674B and AD774B include internal logic to per- 
mit direct interface to 8-bit and 16-bit data buses, selected by 
the 12/8 inpul. In 16-bit bus applications (12/8 high) the data 
lines (DB II through DBO) may be connected to either the 12 
most significant or 12 least significant bits of the data bus. The 
remaining four bits should be masked in software. The interface 
to an 8-bit data bus (12/8 low) is done in a left-justified formal. 
The even address (AOlow) contains the 8 MSBs (DBII 
through 
DB4). The odd address (AO high) contains the 4 LSBs (DB3 
through DBO) in the upper half of the byte, followed by four 
trailing zeroes, thus eliminating bit masking instructions. 


It is not possible to rearrange the output data lines for right· 
justified 8-bit bus interface. 


• 


FEATURES 
AC and DC Specified 
Autocalibrating 
On-Chip Sample-Hold Function 
Two-Byte or Serial Output 
16-Bits No Missing Codes 
±1 LSB INL 
0.001% THO 
90 dB S/(N+D) 
1 MHz Full Power Bandwidth 
24-Pin "Skinny" DIP Package 


PRODUCT 
DESCRIPTION 
The AD675 is a multipurpose 
l6-bit parallel output analog-to- 
digital converter which utilizes a switched capacitor/charge 
redistribution 
architecture 
to achieve a 100 kSPS conversion r 


(10 IJ.stotal conversion time). Overall performance is 0 
. 
. ed 
by digitally correcting internal nonlinearities through 0 
autocalibration. 


The AD675 includes a sample-hold amplt 
processor compatible bus interfac 
ers and two-byte read. Output da 
format. 


The AD675 circuitry is segmented onto two m 
oli 
IC chip -a 
digital control chip fabricated on Analog Devices' DSP CMOS 
process and an analog ADC chip fabricated on our BiMOS II 
process. Both chips are contained in a single package. 


The AD675 is specified for ac (or "dynamic") 
parameters such 
as SIN+ D Ratio, THD and IMD which are important in signal 
processing applications. 
In addition, dc parameters are specified 
which are important 
in measurement 
applications. 


~(lllIlJlIlIgRUlI 


AD675 
I 
• 


:,I'heAD675 operates from +5 V and ±12 V supplies and typi- 
cally consumes 235 mW during conversion. The digital supply 
(VDD) is separated from the analog supplies (VCC' VEE) for re- 
duced digital crosstalk. An analog ground sense is provided for 
the analog input. Separate analog and digital grounds are also 
provided. 


The AD675 is available in a 24-pin plastic "skinny" 
DIP or 24- 
pin side-brazed "skinny" 
DIP ceramic package. Screening to 
MIL-STD-883C 
Class B is available. 


AD 
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This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 
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AD675-SPECIFICATIONS 
(lMIN 
to TMAX• Vee = + 12 V ± 5%. VEE = -12 
V ± 5%, VDD = +5 V ± 10%)1 


Parameter 
Min 
Typ 
Max 
Units 


TOTAL HARMONIC 
DISTORTION 
(THD) 
-0.05 
dB Input 
-98 
-90 
dB 
0.0015 
0.003 
% 


SIGNAL-TO-NOISE 
AND DISTORTION 
RATIO (S/(N+D)) 
-0.05 
dB Input, 50 kHz Bandwidth 
87 
90 
dB 


PEAK SPURIOUS OR PEAK HARMONIC 
COMPONENT 
-100 
-92 
dB 


INTERMODULATION 
DISTORTION 
(IMDi 
2nd Order Products 
-102 
dB 
3rd Order Products 
-98 
dB 


FULLPOWERBAND~DTH 
1 
MHz 


TEMPERATURE 
RANGE 
-40 
+85 
°C 


ACCURACY 
Resolution 
16 
Bits 
Integral Nonlinearity (INL) 
±I 
LSB 
Differential Nonlinearity (DNL)-No 
Missing Codes 
16 
Bits 
Bipolar Zero Error' 
±1 
LSB 
Gain Error' 
0.003 
%FSR 
Temperature 
Drift 
Bipolar Zero 
0.002 
%FSR 
Gain 
0.002 
%FSR 


VOLTAGE REFERENCE 
INPUT RANGE' 
(VREF) 
10 
V 


ANALOG INPUT 
Input Range (VIN) 
±VREF 
V 
Input Capacitance During Sample 
50 
pF 
Aperture Delay 
6 
ns 


Aperture Jitter 
100 
ps 


POWER SUPPLIES 
Power Supply Rejection 
V= 
= +12 V ± 5% 
±1 
±2 
LSB 
VEE=-12V±5% 
±1 
±2 
LSB 
VDD = +5 V ± 10% 
±1 
±2 
LSB 
Operating Current 
Ice 
9 
12 
mA 


lEE 
9 
12 
mA 
IDD 
3 
12 
mA 
Power Consumption 
235 
350 
mW 


LOGIC INPUTS 
VIH 
High Level Input Voltage 
2.4 
V 
VIL 
Low Level Input Voltage 
-0.3 
0.8 
V 
IIH 
High Level Input Current 
VIH = VDD 
-10 
+10 
ILA 
IlL 
Low Level Input Current 
VIL = 0 V 
-10 
+10 
ILA 
CIN 
Input Capacitance 
10 
pF 


LOGIC OUTPUTS 
VOH High Level Output Voltage 
IOH = 0.1 mA 
VDD -I 
V 
V 
= 0.5 mA 
2.4 
V 
VOL 
Low Level Output Voltage 
IOL = 1.6 mA 
0.4 
V 


Ioz 
High-Z Leakage Current 
VIN = OorVDD 
-10 
+10 
ILA 
VOL 
High-Z Output Capacitance 
10 
pF 


NOTES 
JConversion fate = 100 kSPS. Values are post calibration. 
'fa = 1008 Hz, fb = 1055 Hz. 
3Values shown apply to any temperature from T MIN to T MAX after calibration at that temperature. 


Specifications 
subject 
to change 
without 
notice. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 
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I 
FEATURES 
Autocalibrating 
On-Chip Sample-Hold 
Function 
Twos Complement 
Parallel Output 
Format 
16 Bits No Missing Codes 
±1 LSB INL 
0.002% THO 
90 dB S/IN+O) 
1 MHz Full Power Bandwidth 


PRODUCT 
DESCRIPTION 
The AD676 is a multipurpose 
16-bit parallel output an 
digital converter which utilizes a switched-capac' 
charg 


tribution architecture 
to achieve a lOOkS 
con 
r 
te 


(10 ILstotal conversion time). OveralL 
£ 
by digitally correcting internal no 
autocalibration. 


16-Bit 100 kSPS 
Sampling ADC 


AD676 
I 
• 


hips 


a digital control chip fabricated on Analog Dev 
s 
SP CM 
process and an analog ADC chip fabricated on our BiMOS II 
process. Both chips are contained in a single package. 


The AD676 is specified for ac (or "dynamic") parameters such 
as S/(N +D) Ratio, THD and IMD which are important in sig- 
nal processing applications. 
In addition, dc parameters are speci- 


fied which are important 
in measurement 
applications. 


D676 
pe ates from +5 V and ±12 V supplies and typi- 


c nsu 
es 235 mW during conversion. The digital supply 


DD) is separated from the analog supplies (VCC, VEE) for re- 
uced digital crosstalk. An analog ground sense is provided for 


the analog input. Separate analog and digital grounds are also 
provided. 


The AD676 is available in a 28-pin plastic DIP or 28-pin side- 
brazed ceramic package. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


AD676-SPECIFICATIONS 


AC SPECIFICATIONS 
(TMIN to 
TMAX• Vee = +12 
V ± 5%, VEE = -12 
V ± 5%, VDD = +5 V ± 10%)1 


AD676J/Aff 
AD676KIB 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


Total Harmonic Distortion (THD) 


-0.05 
dB Input 
-95 
-88 
-98 
-90 
dB 
0.002 
0.004 
0.0015 
0.003 
% 
-20 dB Input 
-78 
-80 
dB 
0.01 
0.01 
% 
-60 dB Input 
-40 
-45 
dB 
1.0 
0.05 
% 


Signal-to-Noise and Distortion Ratio (S/(N +D)) 


-0.05 
dB Input 
85 
88 
87 
90 
dB 
-20 dB Input 
67 
70 
dB 
-60 dB Input 
32 
34 
dB 
Peak Spurious or Peak Harmonic Component 
-99 
-89 
-100 
-92 
dB 
Intermodulation 
Distortion (IMD)2 


2nd Order Products 
-102 
-102 
dB 


3rd Order Products 
-98 
-98 
dB 
Full Power Bandwidth 
1 
1 
MHz 


LOGIC INPUTS 
VIH 
High-Level Input Voltage 
VIL 
Low-Level Input Voltage 
IIH 
High-Level Input Current 
IlL 
Low-Level Input Current 
CIN 
Input Capacitance 


LOGIC OUTPUTS 
VOH 
High-Level Output Voltage 
IOH = 0.1 mA 


= 0.5 mA 
IOL = 1.6 mA 


VDD 
- 
1 V 
2.4 


NOTES 
IVREF = 10.0 V, Conversion Rate = 100 kSPS, 
fIN = 1.0 kHz, V1N = -0.05 
dB, Bandwidth = SOkHz unless otherwise indicated. All measurements 
referred 
to a 0 dB (20 V p-p) input signal. Values are post-calibration. 
'fa = 1008 Hz, fb = 1055 Hz. See Definition of Specifications section and FigUIe 15. 


Specifications 
subject to change without notice. 
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AD676j/A/f 


Min 
Typ 
Max 
AD676KIB 
Typ 
Max 


0 
+70 
0 
-40 
+85 
-40 
-55 
+125 


16 
16 


±2 
15 
16 


±2 
0.006 


0.001 
0.002 


0.001 
0.002 


5 


* 
2 


6 
100 


±1 
±2 
±1 


±1 
±2 
±1 


±1 
±2 
±1 


9 
12 
9 
9 
12 
9 
3 
12 
3 
235 
350 
235 


TEMPERATURE 
RANGE 
1, K Grades 
A, B Grades 
T Grade 


POWER SUPPLIES 
Power Supply Rejection 
V= 
= +12 V ± 5% 


VEE=-12V±5% 
VDD = +5 V ± 10% 


Operating Current 
lee 


lEE 
IDD 
Power Consumption 


Bits 
2 


LSB 
Bits 
LSB 
% FSR 


±1 
0.003 


% FSR 
%FSR 
%FSR 


% FSR 
% FSR 
%FSR 


10 
V 


±VREF 
V 


f.Ls 


50* 
pF 
ns 
ps 


±2 
LSB 


±2 
LSB 


±2 
LSB 


12 
mA 


12 
mA 


12 
mA 


350 
mW 


NOTES 
'VREF 
= 5.0 V, Conver>ion Rate = 100 kSPS. Values are post-calibration. 


2VaIues shown 
apply 
to any temperature 
from T MlN to T MAX after calibration 
at that temperature. 


3See "APPLICATIONS" 
section 
for recommended 
voltage 
reference 
circuit, 
and Figure 
12 for dynamic 
performance 
with other 
reference 
voltage 
values. 


'See "APPLICATIONS" 
section for recommended input buffer circuit. 


*For explanation 
of input 
characteristics, 
see "ANALOG 
INPUT" 
section. 
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Parameter 
Symbol 
Min 
Typ 
Max 
Units 


Conversion Period2 
te 
10 
1000 
jJ.S 
CLK Period 
tCLK 
480 
ns 


Calibration Time 
tCT 
85,530 
te 


Sampling Time (Included in tel 
ts 
2 
jJ.S 
CAL to BUSY Delay 
teALB 
0 
20 
ns 
BUSY to SAMPLE Delay 
tBS 
2 
jJ.S 
SAMPLE to BUSY Delay 
tSB 
20 
ns 
CLK HIGH' 
tCH 
50 
ns 
CLK LOW' 
teL 
50 
ns 
SAMPLE LOW to 1st CLK Delay 
tsc 
50 
ns 


SAMPLE LOW 
tSL 
100 
ns 
Output Delay 
too 
200 
ns 


Status Delay' 
tSD 
20 
ns 
CAL HIGH Time 
teALH 
2 
teLK 


NOTES 
'See the "CONVERSION 
CONTROL" 
and "AUTOCALIBRATION" 
sections for detailed explanations of he 
e timing. 


2Depends upon external clock frequency; includes acquisition time and conversion time. The minimum 
m ling ra 
is specified to account for the droop of the 
internal sampleJhold function. Operation at slower rates may degrade performance. 


3lcH + teL = t:eLK and 
must 
be greater 
than 480 
os. 
'Tested with 100 pF load. 
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Package 
Model 
Temperature 
Range 
S/(N+D) 
INL 
Package Description 
Option* 


AD676JN 
O°Cto +70°C 
85 dB 
±2 LSB 
Plastic 28-Pin DIP 
N-28 
AD676KN 
O°Cto +70°C 
87 dB 
±1 LSB 
Plastic 28-Pin DIP 
N-28 
AD676AD 
-40°C to +85°C 
85 dB 
±2 LSB 
Ceramic 28-Pin DIP 
D-28 
AD676BD 
-40°C to +85°C 
87 dB 
±l 
LSB 
Ceramic 28-Pin DIP 
D-28 
AD676TD 
-55°C to + 125°C 
85 dB 
±2 LSB 
Ceramic 28-Pin DIP 
D-28 


ABSOLUTE 
MAXIMUM 
RATINGS* 
Voo to DGND 
0 to +5.5 V 
Vcc to AGND 
0 to +12.6 V 


VEE to AGND 
0 to -12.6 
V 
AGND to DGND 
.. 
_ 
.3 V 
Digital Inputs to DGND 
...............• 
to + .5 V 
Analog Inputs to AGND 
. . . . . . . . . . 
. ... 
:tVREF 
Soldering 
. . . . . . . . . . 
300°<; 10 see 
Storage Temperature 
, 
, 
-60°C to + 100°C 


CAUTION 
The AD676 features input protection circuitry consisting oflarge ' di tributea" 
diodes and polysilicon 


series resistors to dissipate both high energy discharges (Humar 
dy Model) and fast, low energy 


pulses (Charged 
Device Model). 
Per Method 
3015.2 of MIL-STD-883C, 
the AD676 has been 


classified as a Category 1 Device. 


Proper 
ESD precautions 
are strongly recommended 
to avoid functional 
damage or performance 
degradation. 
Charges as high as 4000 volts readily accumulate on the human body and test equip- 
ment, and discharge without detection. Unused devices must be stored in conductive foam or shunts, 
and the foam discharged to the destination socket before devices are removed. For further informa- 
tion on ESD precaution, 
refer to Analog Devices' ESD Prevention Manual. 


• 
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AD676 


Pin 
Name 
Type 


l--{) 
BITll-BITl6 
DO 


7 
BUSY 
DO 


8 
CAL 
Dr 
9 
SAMPLE 
Dr 


10 
CLK 
Dr 
11 
DGND 
P 


12 
Vcc 
P 
13 
AGND 
PIAl 
14 
AGND SENSE 
AI 
15 
VIN 
AI 
16 
VREF 
AI 
17 
VEE 
P 
18 
VDD 
P 
19-28 
BITl-BITlO 
DO 


Type: 
AI = Analog Input 
DI = Digital Input 
DO = Digital Output 
P = Power 


ClK 


DGND 


AGND 


AGNDSENSE 


Description 


BITll-BITl6 
represent the six LSBs of data. 


Status Line for Converter. Active HIGH, indicating a conversion or calibration in 
progress. BUSY should be buffered when capacitively loaded. 
Calibration Control Pin (Asynchronous). 
VtN Acquisition Control Pin. Active HIGH. 
During conversion, SAMPLE controls the 
state of the internal sample-hold amplifier and the falling edge initiates conversion (see 
"Conversion Control" paragraph). 
During calibration, SAMPLE should be held LOW. If 
HIGH during calibration, diagnostic information will appear on the two LSBs (Pins 5 
and 6). 
Master Clock Input. The AD676 requires 17 clock cycles to execute a conversion. 
Digital Ground. 
+ 12 V Analog Supply Voltage. 


Analog Ground. 
Analog Ground Sense. 
Analog Input Voltage. 
External Voltage Reference Input. 
-12 V Analog Supply Voltage. 
+5 V Logic Supply Voltage. 
BITl-BITlO 
represent the t 
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NYQUIST 
FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
frequency" of a converter is that input frequency which is one 
half the sampling frequency of the converter. 


TOTAL HARMONIC DISTORTION 
Total harmonic distortion (THD) is the ratio of the rms sum of 
the harmonic components to the rms value of a full-scale input 
signal and is expressed in percent (%) or decibels (dB). For in- 
put signals or harmonics that are above the Nyquist frequency, 
the aliased components are used. 


SIGNAL-TO-NOISE 
PLUS DISTORTION 
RATIO 
Signal-to-noise plus distortion is defined to be the ratio of the 
rms value of the measured input signal to the rms sum of all 
other spectral components below the Nyquist frequency, includ- 
ing harmonics but excluding de. 


GAIN ERROR 
The last transition should occur at an analog value I. 5 LSB be- 
low the nominal full scale (4.99977 volts for a ±5 V range). The 
gain error is the deviation of the actual difference between th 
first and last code transition from the ideal difference be 
the first and last code transition. 


BIPOLAR ZERO ERROR 
Bipolar zero error is the difference 
input voltage (0 V) and the actual 
scale output code. 


DIFFERENTIAL 
NONLINEARITY 
(DNL) 
In an ideal ADC, code transitions are one LSB apart. Differen 
tial nonlinearity is the maximum deviation from this ideal value. 
It is often specified in terms of resolution for which no missing 
codes are guaranteed. 


INTEGRAL 
NONLINEARITY 
(INL) 
The ideal transfer function for an ADC is a straight line drawn 
between "zero" and "full scale." The point used as "zero" oc- 
curs 1/2 LSB before the most negative code transition. 
"Full 
scale" is defined as a level 1.5 LSB beyond the most positive 
code transition. 
Integral nonlinearity is the worst-case deviation 
of a code from the straight line. The deviation of each code is 
measured from the middle of that code. 


BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed 
fundamental is reduced by 3 dB 
for a full-scale input. 


INTERMODULATION 
DISTORTION 
(IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), 
at sum and difference frequencies of mfa ± 


nfb, where m, n = 0, I, 2, 3 .... 
Intermodulation 
terms are 
• 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa - fb), and the third 
order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and (fa - 
2 fb). The IMD products are expressed as the decibel ratio of 
the rms sum of the measured input signals to the rms sum of 
the distortion terms. The two signals applied to the converter 
are of equal am litu e, and the peak value of their sum is 
-0.5 dB fr 
u 
e. The IMD products are normalized to a 
o dB in 


PO 
ER SUPPLY REJECTION 
DC variations in the power supply voltage will affect the full- 
scale transition point, resulting in gain error. Power supply re- 
jection is the maximum change in the full-scale transition point 
due to a change in power-supply voltage from the nominal 
value. Additionally, 
there is another power supply variation to 
consider. AC ripple on the power supplies can couple noise into 
the ADC, resulting in degradation of dynamic performance. 
This is displayed in Figure 15. 


INPUT SETTLING 
TIME 
Settling time is a function of the SHA'a ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 
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FUNCTIONAL 
DESCRIPTION 
The AD676 is a multipurpose 
16-bit analog-to-digital converter 
and includes circuitry which performs an input sample!hold 
function, ground sense, and autocalibration. 
These functions are 
segmented onto two monolithic chips-an 
analog signal proces- 
sor and a digital controller. Both chips are contained within the 
AD676 package. 


The AD676 employs a successive-approximation 
technique to 
determine the value of the analog input voltage. However, in- 
stead of the traditional laser-trimmed 
resistor-ladder 
approach, 
this device uses a capacitor-array, 
charge redistribution 
tech- 
nique. Binary-weighted 
capacitors subdivide the input sample to 
perform the actual analog-to-digital conversion. The capacitor 
array eliminates variation in the linearity of the device due to 
temperature-induced 
mismatches of resistor values. Since a 
capacitor array is used to perform the data conversions, the sam- 
plelhold function is included without the need for additional 
external circuitry. 


Initial errors in capacitor matching are eliminated by an auto- 
calibration circuit within the AD676. This circuit employs an 
on-chip microcontroller 
and a calibration DAC to measure and 
compensate capacitor mismatch errors. As each error is deter- 
mined, its value is stored in on-chip memory (RAM). Subse- 
quent conversions use these RAM values to improve conversion 
accuracy. The autocalibration 
routine may be invoked at any 
time. Autocalibration 
insures high performance w . e eli 
'nat- 
ing the need for any user adjustments 
and is· 
i 
In 
etml 
below. 


The microcontroller 
controls all of the va 
us functi 
I). 
the AD676. These include the actual successive liP 
o' 
tion 
algorithm, the autocalibration 
routine, the samplelh ld opera- 
tion, and the internal output data latch. 


AUTOCALIBRATION 
The AD676 achieves rated performance without the need for 
user trims or adjustments. 
This is accomplished through the use 
of on-chip autocalibration. 


In the autocalibration 
sequence, sample!hold offset is nulled by 


internally connecting the input circuit to the ground sense cir- 
cuit. The resulting offset voltage is measured and stored in 
RAM for later use. Next, the capacitor representing 
the most 
significant bit (MSB) is charged to the reference voltage. This 
charge is then transferred 
to a capacitor of equal size (composed 
of the sum of the remaining lower weight bits). The difference 
in the voltage that results and the reference voltage represents 
the amount of capacitor mismatch. A calibration digital-to- 
analog converter (DAC) adds an appropriate value of error cor- 
rection voltage to cancel this mismatch. This correction factor is 
also stored in RAM. This process is repeated for each of the 
capacitors representing 
the remaining top eight bits. The accu- 
mulated values in RAM are then used during subsequent con- 
versions to adjust conversion results accordingly. 


As shown in Figure I, when CAL is taken HIGH the AD676 
internal circuitry is reset, the BUSY pin is driven HIGH, and 
the ADC prepares for calibration. This is an asynchronous hard- 
ware reset and will interrupt 
any conversion or calibration cur- 
rently in progress. Actual calibration begins when CAL is taken 


LOW and completes in 85,530 clock cycles, indicated by BUSY 
going LOW. During calibration, it is preferable for SAMPLE to 
be held LOW. If SAMPLE is HIGH, diagnostic data will ap- 
pear on Pins 5 and 6. This data is of no value to the user. 


The AD676 requires one clock cycle after BUSY goes LOW to 
complete the calibration cycle. If this clock cycle is not pro- 
vided, it will be taken from the first conversion, likely resulting 
in first conversion error. 


In most applications, it is sufficient to calibrate the AD676 only 
upon power-up, in which case care should be taken that the 
power supplies and voltage reference have stabilized first. 


CONVERSION CONTROL 
The AD676 is controlled by two signals: SAMPLE and CLK, as 
shown in Figures 2a and 2b. It is assumed that the part has 
been calibrated and the digital I/O pins have the levels shown at 
the start of the timing diagram. 


A conversion consists of a 
input acquisition followed by 17 
clock pulses which- 
e 
he 16-bit internal successive approx- 
imation rout 
. T,h 
, alo~ input is acquired by taking the 
SAMPL 
'lin 
If G 
ror a minimum sampling time of ts' The 
act 
Ie ta 
is the voltage present on VIN one aperture 
ela 'lifter the SA 
L 
line is brought LOW, assuming the 
p 
vious conversion n 
p eted (signified by BUSY going 
~OW). 
care should betaken 
to ensure that this negative edge is 
w 11deftne 
'apd jitter free in ac applications to reduce the un- 
certainty 
nOise) in signal acquisition. With SAMPLE going 
CO 
,the 
AD67 
commits itself to the conversion-the 
input at 
VIN is di$conneet 
from the internal capacitor array, BUSY 
goes 
GH 
andthe 
SAMPLE input will be ignored until the 
conver 
is completed (when BUSY goes LOW). SAMPLE 
mus 
be held LOW for a minimum period of time tSL' A period 
ftime 
tsc after bringing SAMPLE LOW, the 17 CLK cycles 
are applied; CLK pulses that start before this period of time are 
ignored. BUSY goes HIGH tSB after SAMPLE goes LOW, sig- 
nifying that a conversion is in process, and remains HIGH until 
the conversion is completed. BUSY goes LOW during the 17th 
CLK cycle at the point where the data outputs have changed 
and are valid. The AD676 will ignore CLK after BUSY has 
gone LOW and the output data will remain constant until a new 
conversion is completed. The data can, therefore, be read any 
time after BUSY goes LOW and before the 17th CLK of the 
next conversion (see Figures 2a and 2b). The section on Micro- 
processor Interfacing discusses how the AD676 can be interfaced 
to a 16-bit databus. 


Typically BUSY would be used to latch the AD676 output data 
into buffers or to interrupt 
microprocessors or DSPs. It is 
recommended 
that the capacitive load on BUSY be minimized 
by driving no more than a single logic input. Higher capacitive 
loads such as cables or multiple gates may degrade conversion 
quality unless BUSY is buffered. 


CONTINUOUS 
CONVERSION 
For maximum throughput 
rate, the AD676 can be operated in a 
continuous convert mode (see Figure 2b). This is accomplished 
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POWER SUPPLIES AND DECOUPLING 
The AD676 has three power supply input pins. Vcc and VEE 
provide the supply voltages to operate the analog portions of the 
AD676 including the ADC and sample-hold amplifier (SHA). 
VDD provides the supply voltage which operates the digital por- 
tions of the AD676 including the data output buffers and the 
autocalibration 
controller. 


As with most high performance linear circuits, changes in the 
power supplies can produce undesired changes in the perfor- 
mance of the circuit. Optimally, well regulated power supplies 
with less than 1% ripple should be selected. The ac output im- 
pedance of a power supply is a complex function of frequency, 
and in general will increase with frequency. In other words, 
high frequency switching such as that encountered 
with digital 
circuitry requires fast transient currents which most power sup- 
plies cannot adequately provide. This results in voltage spikes 
on the supplies. If these spikes exceed the ±5% tolerance of the 
± 12 V supplies or the ± 10% limits of the +5 V supply, ADC 
performance will degrade. Additionally, 
spikes at frequencies 


higher than 100 kHz will also degrade performance. 
To compen- 
sate for the finite ac output impedance of the supplies, it is nec- 
essary to store "reserves" of charge in bypass capacitors. These 
capacitors can effectively lower the ac impedance presented to 
the AD676 power inputs which in turn will significantly reduce 
the magnitude of the voltage spikes. For bypassing to be effec- 
tive, certain guidelines should be followed. Decoupling capaci- 
tors, typically 0.1 IJoF,should be placed as closely as possible to 
each power supply pin of the AD676. It is essential that these 
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by utilizing the fact that SAMPLE will no longer be ignored 
after BUSY goes LOW, so an acquisition may be initiated even 
during the HIGH time of the 17th CLK pulse for maximum 
throughput 
rate while enabling full settling of the sample/hold 
circuitry. If SAMPLE is already HIGH when BUSY goes LOW 
at the end of a conversion, then an acquisition is immediately 
initiated and ts and tc start from that time. Data from the previ- 
ous conversion may be latched up to tSD before BUSY goes 
LOW or tOD after the rising edge of the 17th clock pulse. How- 
ever, it is preferred that latching occur on or after the falling edge 
of BUSY. 


Care must be taken to adhere to the minimum/maximum 
timing 
requirements 
in order to preserve conversion accuracy. 


Figure 3 also illustrates the use of a counter (74HC393) to de- 
rive the AD676 SAMPLE command from the system clock 
when a continuous convert mode is desirable. Pin 9 (2QC) pro- 
vides a 96 kHz sample rate for the AD676 when used with a 
12.288 MHz system clock. Alternately, 
Pin 8 (2QD) could be 
used for a 48 kHz rate. 


If a continuous clock is used, then the user must avoid CLK 
edges at the instant of disconnecting VIN which occurs at the 
falling edge of SAMPLE (see tsc specification). The duty cy- 
cleof CLK may vary, but both the HIGH (tCH) and LOW (tCL) 
phases must conform to those shown in the timing specifica- 
tions. The internal comparator makes its decisions on the rising 
edge of CLK. To avoid a negative edge transition disturbing 
the 
comparator's 
settling, tCL should be at least half the value of 


tCLK' To also avoid transitions disturbing 
the internal compara- 
tor's settling, it is not recommended 
that the SAMPLE pin 
• 
change state toward the end of a CLK cycle. 


During a conversion, internal de error terms such as comparator 
voltage offset are sampled, stored on internal capacitors and 
used to correct for their corresponding 
errors when needed. Be- 
cause these voltages are stored on capacitors, they are subject to 
leakage decay and so require refreshing. 
For this reason there is 


a maximum con erSlon time tc' 


Output cod 
t 
AD676 is twos complement, 
as shown in 
the fo 0 ~ 
. By inverting the MSB, the coding can be 


set binary. 


Output 
Codinl: 


Output 
Code 


011 
II 
011 
10 
000 
01 
000 
00 
lIl 
I1 
100 
01 
100 
00 


capacitors be placed physically close to the IC to minimize the 
inductance of the PCB trace between the capacitor and the sup- 
ply pin. The logic supply (Voo) should be decoupled to digital 
common and the analog supplies (Vcc and VEE) to analog com- 
mon. The reference input is also considered as a power supply 
pin in this regard and the same decoupling procedures apply. 
These points are displayed in Figure 4. 


SYSTEM 


DIGITAL 


COMMON 


O.1~IF 
SYSTEM 
12V 
-12V 


ANALOG 


COMMON 


Figure 4. Grounding 
and Decoupling 
the AD676 


Additionally, it is beneficial to have large capacitors (>47 fJoF) 
located at the point where the power connects to the PCB with 
10 fJoFcapacitors located in the vicinity of the ADC to-Ii rthe 
reduce low frequency ripple. In systems that w' 
be s 
j 'ted to 
particularly harsh environmental 
noise, addi 
aI decou 
. g 
may be necessary. RC-ftltering on each 
wer 
pPlY combined 


with dedicated voltage regulation can substanti 
y dec 
se 
power supply ripple effects (this is further detail 
re 


ANALOG GROUND 
SENSE (AGND SENSE). The analog 
ground pin is the "high quality" ground reference point for the 
device, and should be connected to the analog common point in 
the system. 


AGND SENSE is intended to be connected to the input signal 
ground reference point. This allows for slight differences in level 
between the analog ground point in the system and the input 
signal ground point. However no more than 100 mV is recom- 
mended between the AGND and the AGND SENSE pins for 
specified performance. 


Using AGND SENSE to remotely sense the ground potential 
of the signal source can be useful if the signal has to be carried 
some distance to the ND converter. Since all IC ground cur- 
rents have to return to the power supply and no ground leads 
are free from resistance and inductance, 
there are always some 


voltage differences from one ground point in a system to another. 


Over distance this voltage difference can easily amount to sev- 
eral LSBs (in a 10 V in u span, l6-bit system each LSB is 
about 0.15 mV).~· 
a directly corrupt the ND input sig- 
nal if the N 
.m 
it 
Input with respect to power ground 


(AG 
D) as 
19ure Sa. To solve this problem the 
Af>6~0 
fer 
an 
GND SENSE pin. Figure 5b shows how the 
AG 
SENSE c 
e 
ed to eliminate the problem in Fig- 
ure Sa. Figure ~b a1s &Ii 
ow the signal wires should be 
shielded . 
noisy environment 
to avoid capacitive coupling. If 
in 
tI e magnetic) coupling is expected to be dominant such 
~ 
her.e)notors are present, twisted-pair wires should be used 
in tead. 


BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
A 1.22 mA current through a 0.5 n trace will develop a voltage 
drop of 0.6 mY, which is 4 LSBs at the l6-bit level for a 10 V 
full-scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, 
especially when high 


accuracy analog signals share the same board with digital 
signals. 


Analog and digital signals should not share a common return 
path. Each signal should have an appropriate analog or digital 
return routed close to it. Using this approach, signal loops en- 
close a small area, minintizing the inductive coupling of noise. 
Wide PC tracks, large gauge wire, and ground planes are higWy 
recommended 
to provide low impedance signal paths. Separate 
analog and digital ground planes are also desirable, with a single 
interconnection 
point at the AD676 to minimize interference 


between analog and digital circuitry. Analog signals should be 
routed as far as possible from digital signals and should cross 
them, if at all, only at right angles. A solid analog ground plane 
around the AD676 will isolate it from large switching ground 
currents. 
For these reasons, the use of wire wrap circuit con- 


struction will not provide adequate performance; 
careful printed 


circuit board construction 
is preferred. 


GROUNDING 
The AD676 has three grounding pins, designated ANALOG 
GROUND 
(AGND), DIGITAL 
GROUND 
(DGND) and 


Figure 
5a. Input 
to the AID Is Corrupted 
by IR Drop 
in 
Ground 
Leads: 
V/N = VS + Ll V. 


VI. 


AGND 


SENSE 


Figure 
5b. AGND 
SENSE Eliminates 
the Problem 
in 
Figure 
5a. 
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VOLTAGE 
REFERENCE 
The AD676 requires the use of an external voltage reference. 
The input voltage range is determined 
by the value of the refer- 
ence voltage; in general, a reference voltage of n volts allows an 
input range of ±n volts. The AD676 is specified for both 10 V 
and 5.0 V references. A 10 V reference will typically require 
support circuitry operated from ± 15 V supplies; a 5.0 V refer- 
ence may be used with ± 12 V supplies. Signal-to-noise perfor- 
mance is increased proportionately 
with input signal range. In 
the presence of a fixed amount of system noise, increasing the 
LSB size (which results from increasing the reference voltage) 
will increase the effective S/(N + D) performance. 
Figure 12 
illustrates S/(N + D) as a function of reference voltage. In con- 
trast, INL will be optimal at lower reference voltage values 
(such as 5 V) due to capacitor nonlinearity at higher voltage 
values. 


During a conversion, the switched capacitor array of the AD676 
presents a dynamically changing current load at the voltage ref- 
erence as the successive-approximation 
algorithm cycles through 
various choices of capacitor weighting. The output impedance of 
the reference circuitry must be low so that the output voltage 
will remain sufficiently constant as the current drive changes. 
some applications, 
this may require that the output of 
"t" 
age reference be buffered by an amplifier with low . 
at 
relatively high frequencies. In choosing a vol 
ence.. 
n- 
sideration should be made for selecting 
oise. A 
capacitor connected between REF 
will r 
the demands on the reference by d 
s 
ilie maglli 
lie 0 
high frequency components require 
be so 
b 
th 
reference. 


Figures 6 and 7 represent typical design approac 


Figure 6. 


Figure 6 shows a voltage reference circuit featuring the 5 V out- 
put AD586. The AD586 is a low cost reference which utilizes a 
buried Zener architecture 
to provide low noise and drift. Over 
the O°Cto + 70°C range, the AD586L grade exhibits less than 
2.25 mV output change from its initial value at +25°C. A noise- 
reduction capacitor, CN' reduces the broadband noise of the 
AD586 output, thereby optimizing the overall performance of 
the AD676. It is recommended 
that a 10 •.•.F to 47 •.•.F high 
quality tantalum capacitor be tied between the VREF input 
of the AD676 and ground to minimize the impedance on the 
reference. 


• 


ANALOG 
INPUT 
As previously discussed, the analog input voltage range for the 
AD676 is ± VREF' For purposes of ground drop and common 
mode rejection, the VIN and VREF inputs each have their own 
ground. VREF is referred to the local analog system ground 
(AGND), and VIN is referred to the analog ground sense pin 
(AGND SENSE) which allows a remote ground sense for the 
input signal. 


The AD676 analog inputs (V1N, VREF and AGND SENSE) ex- 
hibit dynamic characteristics. 
When a conversion cycle begins, 


each analog input is connected to an internal, discharged 50 pF 
capacitor which then charges to the voltage present at the corre- 
sponding pin. The capacitor is disconnected when SAMPLE is 
taken LOW, and the stored charge is used in the subsequent 
conversion. In order to limit the demands placed on the external 
source by this high initial charging current, an internal buffer 
amplifier is employed between the input and this capacitance for 
a few hundred nanoseconds. 
During this time the input pin ex- 
hibits typically 20 kn input resistance, 
10 pF input capacitance 
and ±40 •.•.A bias current. Next, the input is switched directly 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 
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to the now precharged capacitor and allowed to fully settle. 
During this time the input sees only a 50 pF capacitor. Once 
the sample is taken, the input is internally floated so that the 
external input source sees a very high input resistance and a par- 
asitic input capacitance of typically only 2 pF. As a result, the 
only dominant input characteristic which must be considered is 
the high current steps which occur when the internal buffers are 
switched in and out. 


In most cases, these characteristics require the use of an external 
op amp to drive the input of the AD676. Care should be taken 
with op amp selection; even with modest loading conditions, 
most available op amps do not meet the low distortion require- 
ments necessary to match the performance capabilities of the 
AD676. Figure 8 represents a circuit, based upon the AD845, 
recommended 
for low noise, low distortion ac applications. 


For applications optimized more for low bias and low offset than 
speed or bandwidth, 
the AD845 of Figure 8 may be replaced by 
the OP-27. 


AC PERFORMANCE 
AC parameters, 
which include S/(N + D), THD, 
etc., reflect the 
AD676's effect on the spectral content of the analog input sig- 
nal. Figures 12 through 
16 provide information on the AD676's 
ac performance under a variery of conditions. 


As a general rule, averaging the results from several conversions 
reduces the effects of noise, and therefore improves such param- 
eters as S/(N + D). AD676 performance may be optimized by 
operating the device at its maximum sample rate of 100 kSPS 
and digitally fIltering the resulting bit stream to the desired sig- 
nal bandwidth. 
This succeeds in distributing 
noise over a wider 
frequency range, thus reducing the noise densiry in the fre- 
quency band of interest. This subject is discussed in the follow- 
ing section. 


OVERSAMPLING 
AND NOISE FILTERING 
The Nyquist rate for a converter is defined as one-half its sam- 
pling rate. This is established by the Nyquist theorem, which 
requires that a signal be sampled at a rate corresponding 
to at 
least rwice its highest frequency component of interest in order 
to preserve the informational content. Oversampling is a conver- 
sion technique in which the sampling frequency is more than 
rwice the frequency bandwidth of interest. In audio applications, 
the AD676 can operate at a Z x Fs oversampling rate, where Fs 
= 48 kHz. 


In quantized systems, the informational content of the analog 
input is represented in the frequency spectrum from dc to the 
Nyquist rate of the converter. Within this same spectrum are 
higher frequency noise and signal components. 
Antialias, or low 
pass, filters are used at the input to the ADC to reduce these 
noise and signal components so that their aliased components do 
not corrupt the baseband spectrum. 
However, wideband noise 
contributed 
by the AD676 will not be reduced by the antialias 
filter. The AD676 quantization 
noise is evenly distributed 
from 
dc to the Nyquist rate, and this fact can be used to minimize its 
overall affect. 


The AD676 quantization noise effects can be reduced by over- 
sampling-sampling 
at a rate higher than that defmed by the 
Nyquist theorem. This spreads the noise energy over a band- 
width wider than the frequency band of interest. By judicious 
selection of a digital decimation fIlter, noise frequencies outside 
the bandwidth of interest may be eliminated. 


The process of analog to digital conversion inherently produces 
noise, known as quantizati 
n noise. The magnitude of this noise 
is a function of the [esO tion of the converter, and manifests 
itself as a limi to 
0 
'cal signal-to-noise ratio achievable. 


This limit is 
S/(N+D) 
= (6.02n + 1.76 + 10 log 
F 
2 ;J 
e 
is the resolution of the converter in bits, 
1<sIS !,he 
piing f ~1Ii 
cy, and Fa is the signal bandwidth 
of 
intere$t. For audio b 
dth.applications, 
the AD676 is capa- 
Ie of opera 
g at a 
versarnple rate (96 kSPS), which rypi- 
call 
roduc 
an improvement 
in S/(N + D) of 3 dB compared 
with 
ting at the Nyquist conversion rate of 48 kSPS. Over- 
sampling bas anpther advantage as well; the demands on the 
antialias .filter are 
ened. In summary, system performance is 
optimized 
fUJlning the AD676 at or near its maximum sam- 
ling rat 
0 
00 kHz and digitally fIltering the resulting spec- 
trum to e iminate undesired frequencies. 


DC CODE UNCERTAINTY 
Ideally, a fixed dc input should result in the same output code 
for repetitive conversions. However, as a consequence of system 
noise and circuit noise, for a given input voltage there is a range 
of output codes which may occur. Figure 9 is a histogram of the 
codes resulting from 1000 conversions of a rypical input voltage 
by the AD676 used with a 5 V reference. 


350 
~ 
:z: 300 
~ 
8250 
.. 
~ 200 
w 
1Il,. 
150 
::>z 
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Figure 9. Distribution 
of Codes from 
1000 Conversions, 


Relative to the Correct 
Code. 


The standard deviation of this distribution 
is approximately 
I LSB. If less uncertainty 
is desired, averaging multiple conver- 
sions will narrow this distribution 
by the inverse of the square 
root of the number of samples; i.e., the average of 4 conversions 
would have a standard deviation of 0.5 LSBs and the average of 
16 conversions would have a standard deviation of 0.25 LSBs. 


MICROPROCESSOR 
INTERFACE 
The AD676 is ideally suited for use in both traditional dc mea- 
surement applications supporting a microprocessor, 
and in ac 
signal processing applications interfacing to a digital signal pro- 
cessor. The AD676 is designed to interface with a 16-bit data 
bus, providing all output data bits in a single read cycle. A vari- 
ety of external buffers, such as 74HC541, can be used with the 
AD676 to provide 3-state outputs, high driving capability, and 
to prevent bus noise from coupling into the ADC. The following 
sections illustrate the use of the AD676 with a representative 
digital signal processor and microprocessor. 
These circuits pro- 
vide general interface practices which are applicable to other 
processor choices. 


ADSP-2101 
Figure lOa shows the AD676 interfaced to the ADSP-2101<'DSP 
processor. The AD676 buffers are mapped in the ADSP-2'lO I's 
memory space, requiring one wait state when u ing a 12. 
MHz 
processor clock. 


The falling edge of BUSY interru 
that new data is ready. The ADSP 
the appropriate 
service routine with 
'nimal overheat!: 
terrupt routine then instructs the processor 
using a memory read instruction. 


Figure lOb shows circuitry which would be included by a typi- 
cal address decoder for the output buffers. In this case, a data 
memory access to any address in the range 3000H to 37FFH 
will result in the output buffers being enabled. 


The AD676 CLK and SAMPLE can be generated by dividing 
down the system clock as described earlier (Figure 3), or if the 
ADSP-2101 serial port clocks are not being used, they can be 
programmed 
to generate CLK and SAMPLE. • 


6 
o 86 {6- it microprocessor can be interfaced to a buffered 
7(, without an 
generation of wait states. As seen in Figure 
I, BUSY can 
used lloth to control the AD676 clock and to 


alen the processor'"When new data is ready. In the system 
shown, the ~Ot86 should be configured in an edge triggered, 


. 
. terrupt mode (integrated controller provides the inter- 
pt vecto(). Since the 80286 does not latch interrupt 
signals, 


the~tAirrup 
s to be internally acknowledged before BUSY 
goes 
GHJlgain during the next AD676 conversion (BUSY = 


0) Dep 
ding on whether the AD676 buffers are mapped into 
emory or I/O space, the interrupt 
service routine will read the 
data by using either the MOV or the IN instruction. 
To be able 
to read all the 16 bits at once, and thereby increase the 80286's 
efficiency, the buffers should be located at an even address. 


AD 
PCsO-s 


ALE 
52 
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Figure 15. IMD Plot for f,N = 1008 Hz (fa), 1055 Hz (fb) at 
96kSPS 
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Figure 16. Power Supply Rejection 
(f,N = 1.06 kHz) 
fSAMPLE= 96 kSPS, VRIPPLE= 0.13 V frp 
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FEATURES 
AC and DC Characterized and Specified 
(K, Band T Grades) 
200k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
72 dB S/N+D 
(K, B, T Grades) 
Twos Complement Data Format (Bipolar Model 
Straight Binary Data Format (Unipolar Mode) 
10 Mfi Input Impedance 
8-Bit or 16-Bit Bus Interface 
On-Board Reference and Clock 
10 V Unipolar or Bipolar Input Range 
Commercial, Industrial and Military Temperature 
Range Grades 
MIL-STD-883 Compliant Versions Available 


PRODUCT 
DESCRIPTION 
The AD678 is a complete, multipurpose 
l2-bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage 
reference and clock generation circuitry. 


The AD678 is specified for ac (or "dynamic") 
parameters such 
as SIN + D ratio, THD and IMD which are important in signal 
processing applications. 
In addition, the AD678K, B and T 
grades are fully specified for dc parameters which are important 
in measurement 
applications. 


The AD678 offers a choice of digital interface formats; the 12 
data bits can be accessed by a l6-bit bus in a single read opera- 
tion or by an 8-bit bus in two read operations (8+4), with right 
or left justification. 
Data format is straight binary for unipolar 
mode and twos complement binary for bipolar mode. The input 
has a full-scale range of 10 V with a full power bandwidth of 
1 MHz and a full linear bandwidth of 500 kHz. High input im- 
pedance (10 MO) allows direct connection to unbuffered 
sources 
without signal degradation. 


This product is fabricated on Analog Devices' BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed 
thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging al- 
gorithm which includes error correction and flash converter cir- 
cuitry to achieve high speed and resolution. 


The AD678 operates from +5 V and ±12 V supplies and dissi- 
pates 560 mW (typ). The AD678 is available in 28-pin plastic 
DIP, ceramic DIP, and 44 J-leaded ceramic surface mount 
packages. 


Screening to MIL-STD-883C 
Class B is also available. 


12-Bit 200 kSPS 
Complete Sampling ADC 


AD678* 
I 


08" 
2 


II 


DB2 


PRODUCT 
HIGHLIGHTS 
1. COMPLETE 
INTEGRATION: 
The AD678 minimizes ex- 
ternal component requirements 
by combining a high speed 


sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci- 
fied sampling ND function unattainable 
with discrete de- 
signs. 


2. SPECIFICATIONS: 
The AD678K, Band 
T grades provide 
fully specified and tested ac and dc parameters. 
The 
AD678], A and S grades are specified and tested for ac pa- 
rameters; dc accuracy specifications are shown as typicals. 
DC specifications (such as INL, gain and offset) are impor- 
tant in control and measurement 
applications. 
AC specifica- 
tions (such as SIN + D ratio, THD and 1MD) are of value in 
signal processing applications. 


3. EASE OF USE: The pinout is designed for easy board lay- 
out, and the choice of single or two read cycle output pro- 
vides compatibility with 16- or 8-bit buses. Factory trimming 
eliminates the need for calibration modes or external trim- 
ming to achieve rated performance. 


4. RELIABILITY: 
The AD678 utilizes Analog Devices' 


monolithic BiMOS technology. This ensures long term reli- 
ability compared to multichip and hybrid designs. 


5. UPGRADE PATH: The AD678 provides the same pinout as 
the l4-bit, 
128 kSPS AD679 ADC. 


AD678 - 
SPECIFICATIONS 


AC SPECIFICATIONS 
(Tmin to 1m•• , Vee = +12 V ±.5%, 
VEE = -12 
V ± 5%, VDD = +5 V 
± 10%, fSAMPLE = 200 kSPS, 


fiN = 10.06 kHz unless otherwise noted) 1 


AD678JIAIS 
AD678KJBfT 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


SIGNAL-TO-NOISE 
AND DISTORTION 
(SfN+D) RATI02 


-0.5 
dB Input (Referred to -0 dB Input) 
70 
71 
72 
73 
dB 
- 20 dB Input (Referred to - 20 dB Input) 
51 
53 
dB 


-60 dB Input (Referred to -60 dB Input) 
11 
13 
dB 


TOTAL 
HARMONIC 
DISTORTION 
(THD)3 
-88 
-80 
-88 
-80 
dB 
0.004 
0.010 
0.004 
0.010 
% 


PEAK SPURIOUS OR PEAK HARMONIC 
COMPONENT 
-87 
-80 
-87 
-80 
dB 


FULL POWER BANDWIDTH 
1 
1 
MHz 


FULL LINEAR BANDWIDTH 
500 
500 
kHz 


INTERMODULATION 
DISTORTION 
(lMD)4 


2nd Order Products 
-85 
-80 
-85 
-80 
dB 
3rd Order Products 
-90 
-80 
-90 
-80 
dB 


NOTE 
'f'N amplitude = -0.5 dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a -0 dB (9.997 V p.p) input signal un- 
less otherwise indicated. 
2See Figures 13 and 14 for higher frequencies and other input amplitudes. 
3See Figure 12. 
·fA :::: 9.08 kHz, fa ::::9.58 kHz, with (SAMPLE:::: 
200 KSPS. See Definition of Specifications section and Figure 16. 
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Parameter 
Test Conditions 
Min 
Max 
Units 


LOGIC INPUTS 
Vm 
High Level Input Voltage 
2.0 
VDD 
V 
VIL 
Low Level Input Voltage 
0 
0.8 
V 


1m 
High Level Input Current 
VIN = VDD 
-10 
+10 
flA 


IlL 
Low Level Input Current 
VIN = 0 V 
-10 
+10 
flA 


CIN 
Input Capacitance 
10 
pF 


LOGIC OUTPUTS 
VOH 
High Level Output Voltage 
IOH = 0.1 mA 
4.0 
V 


IOH = 0.5 mA 
2.4 
V 
VOL 
Low Level Output Voltage 
IOL = 1.6 mA 
0.4 
V 


loz 
High Z Leakage Current 
V1N = OorVDD 
-10 
+10 
flA 


Coz 
High Z Output Capacitance 
10 
pF 


NOTES 
Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at T mint 
+ 25°C and T max' Results from those 


tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 


AD678J/AIS 
AD678K1Bff 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


TEMPERATURE 
RANGE 
1, K Grades 
0 
+70 
0 
+70 
°C 


A, B Grades 
-40 
+85 
-40 
+85 
°C 
S, T Grades 
-55 
+125 
-55 
+125 
°C 


ACCURACY 
Resolution 
12 
12 
Bits 


Integral Nonlinearity (INL) 
±1 
±0.7 
±1 
LSB 
Differential Nonlinearity (DNL) 
12 
12 
Bits 


Unipolar Zero Error (@ +25°C)' 
±4 
±2 
±3 
LSB 
Bipolar Zero Error (@ +25°C)' 
±4 
±3 
±5 
LSB 
Gain Error (@ +25°C)" 
2 
±4 
±3 
±6 
LSB 
Temperature 
Drift 
UnipolarlBipolar Zero 
1, K Grades 
±2 
±2 
±4 
LSB 
A, B Grades 
±4 
±3 
±4 
LSB 
S, T Grades 
±5 
±4 
±5 
LSB 
Gain' 
1, K Grades 
±4 
±4 
±6 
LSB 
A, B Grades 
±7 
±5 
±7 
LSB 
S, T Grades 
±10 
±8 
±10 
LSB 
Gain' 
J, K Grades 
±2 
±2 
±4 
LSB 
A, B Grades 
±4 
±3 
±4 
LSB 
S, T Grades 
±6 
±5 
±6 
LSB 


ANALOG INPUT 
Input Ranges 
Unipolar Range 
0 
+10 
0 
+10 
V 


Bipolar Range 
-5 
+5 
-5 
+5 
V 


Input Resistance 
10 
10 
Mil 


Input Capacitance 
10 
10 
pF 
Input Settling Time 
1 
1 
fJos 


Apenure 
Delay 
10 
10 
ns 


Apenure Jitter 
150 
150 
ps 


INTERNAL 
VOLTAGE REFERENCE 
Output Voltage' 
4.98 
5.02 
4.98 
5.02 
V 


External Load 
Unipolar Mode 
+1.5 
+1.5 
rnA 


Bipolar Mode 
+0.5 
+0.5 
rnA 


POWER SUPPLIES 
Power Supply Rejection 
Vee = +12 V ± 5% 
±2 
±2 
LSB 
VEE=-12V±5% 
±2 
±2 
LSB 
Voo = +5 V ± 10% 
±2 
±2 
LSB 
Operating Current 
Ice 
18 
20 
18 
20 
rnA 


lEE 
25 
34 
25 
34 
rnA 
100 
8 
12 
8 
12 
mA 
Power Consumption 
560 
745 
560 
745 
roW 


• 


NOTES 


IAdjustable 
to zero. 
See Figures 
6 and 
7. 


2Includes 
internal 
voltage 
reference 
error. 
JIncludes 
internal 
voltage 
reference 
drift. 


"Excludes 
internal 
voltage 
reference 
drift. 


5With 
maximum 
external 
load applied. 


Specifications 
subject 
to change 
without 
notice. 


Specifications 
shown 
in boldface are tested 
on aU devices 
at final 
electrical 
test with 
worst 
case supply 
voltages 
at Tm,", 
+25°C 
and 
Tm ••• 
Results 
from 
those 
tests 
are used 
to calculate 
outgoing 
quality 
levels. 
All min and 
max 
specifications 
are guaranteed, 
although 
only 
those 
shown 
in boldface 
are tested. 


TIMING SPECIFICATIONS ~~~e~~::s~:t~id/oTm•• , Vee= +12 V ± 5%, VEE = -12 
V ± 5%, Voo= +5 V ± 10% unless 


Parameter 
Symbol 
Min 
Max 
Units 


SC Delay 
tsc 
50 
ns 
Conversion Time 
tc 
3.0 
4.4 
ILS 
Conversion Rate' 
teR 
5 
ILS 
Convert Pulse Width 
tcp 
97 
ns 
Aperture Delay 
tAD 
5 
20 
ns 
Status Delay 
tSD 
0 
400 
ns 
Access Time2• 
3 
tSA 
10 
100 
ns 
10 
57' 
.. 
ns 
Float DelayS 
tFD 
10 
80 
ns 
Output Delay 
too 
0 
ns 
Format Setup6 
tFS 
47 
ns 
OE Delay6 
tOE 
0 
ns 
Read Pulse Width6 
tRP 
97 
ns 
Conversion Delay 
tCD 
150 
ns 
EOCEN Delay 
tEO 
0 
ns 


NOTES 
IIncludes acquisition time. 
'Measured from the falling edge of OElEOCEN (O.g V) to the time at which the data lineslEOC cross 2.0 V or 0.8 V. See Figure 3. 
'COUT = 100pF. 


4COUT 
= SO pF. 


'Measured from the rising edge of OElEOCEN (2.0 V) to the time at which the output voltage changes by 0.5 V. See Figure 3; COUT = 10 pF. 
6See Figures 4 and 5. 
Specifications subject to change without notice. 
Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at Tmin, 
+2SoC and Tmax• Results from those 
tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
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NOTES 


'IN 
ASYNCHRONOUS 
MODE, 
STATE 
OF CS DOES 
NOT AFFECT 
OPERATION. 


SEE THE 
START 
CONVERSION 
TRUTH 
TABLE 
FOR DETAILS. 


2EOCEN = LOW; 
SEE FIGURE 
2. IN SYNCHRONOUS 
MODE, 
EOC IS A THREE- 


STATE 
OUTPUT. 
IN ASYNCHRONOUS 
MODE, 
EOC IS AN OPEN 
DRAIN 
OUTPUT. 


'DATA 
SHOULD 
NOT 
BE ENABLED 
DURING 
A CONVERSION. 


TEST 
Vep 
COUT 


ACCESS TIME HIGH Z TO LOGIC LOW 
5V 
100pF 
FLOAT TIME LOGIC HIGH TO HIGH Z 
OV 
10 pF 
ACCESS TIME HIGH Z TO LOGIC HIGH 
OV 
100pF 
FLOAT TIME LOGIC LOW TO HIGH Z 
5V 
10pF 


With 
Respect 
Specification 
To 
Min 
Max 
Units 


Vcc 
AGND 
-0.3 
+18 
V 
VEE 
AGND 
-18 
+0.3 
V 
Vcc 
VEE 
-0.3 
+26.4 
V 
Voo 
DGND 
0 
+7 
V 
AGND 
DGND 
-I 
+1 
V 
AIN, REF1N 
AGND 
VEE 
Vcc 
V 
Digital Inputs 
DGND 
-0.5 
+7 
V 
Digital Outputs 
DGND 
-0.5 
Voo +0.3 
V 
Max Junction 
Temperature 
175 
°C 


With 
Respect 
Specification 
To 
Min 
Max 
Units 


Operating Temperature 
J and K Grades 
0 
+70 
°C 
A and B Grades 
-40 
+85 
°C 
Sand T Grades 
-55 
+125 
°C 
Storage Temperature 
-65 
+150 
°C 
Lead Temperature 


(10 sec max) 
+300 
°C • 


·Srresses 
above 
those 
hsted 
under 
"Absolute 
MaxImum 
Ratmgs" 
may 
cause 
permanent 
damage 
to the device. 
This 
is a stress 
rating 
only 
and functional 


operation 
of the 
device 
at these 
or any 
other 
conditions 
above 
those 
indi- 
cated 
in the operational 
sections 
of this specification 
is not 
implied. 
Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


ESD SENSITIVITY 
_ 
The 
AD678 
features 
input 
protection 
circuitry 
conslstmg 
of large 
"distributed" 
diodes 
and 
polysilicon series resistors to dissipate both high energy discharges (Human 
Body Model) and fast, 


low energy pulses (Charged 
Device Model). 
Per Method 
3015.2 of MIL-STD-883C, 
the AD678 
has been classified as a Category I device. 


Proper 
ESD precautions 
are strongly 
recommended 
to avoid functional 
damage or performance 
degradation. 
Charges as high as 4000 volts readily accumulate on the human body and test equip- 
ment 
and discharge 
without 
detection. 
Unused 
devices must 
be stored 
in conductive 
foam or 
shunts, 
and the foam should be discharged 
to the destination 
socket before devices are removed. 


For further information on ESD precautions, 
refer to Analog Devices' ESD Prevention Manual. 


Temperature 
Tested 
and 
Package 
Modell 
Package 
Range 
Specified 
Option2 


AD678JN 
28-Pin Plastic DIP 
O°Cto +70°C 
AC 
N-28A 
AD678KN 
28-Pin Plastic DIP 
O°Cto +70°C 
AC + DC 
N-28A 
AD678JD 
28-Pin Ceramic DIP 
O°Cto +70°C 
AC 
D-28A 
AD678KD 
28-Pin Ceramic DIP 
O°Cto +70°C 
AC + DC 
D-28A 
AD678AD 
28-Pin Ceramic DIP 
-40°C to +85°C 
AC 
D-28A 
AD678BD 
28-Pin Ceramic DIP 
-40°C to + 85°C 
AC + DC 
D-28A 
AD678AJ 
44-Lead Ceramic JLCC 
-40°C to +85°C 
AC 
J-44 
AD678BJ 
44-Lead Ceramic JLCC 
-40°C to +85°C 
AC + DC 
J-44 
AD678SJ 
44-Lead Ceramic JLCC 
-55°C to + 125°C 
AC 
J-44 
AD678TJ 
44-Lead Ceramic JLCC 
-55°C to + 125°C 
AC + DC 
J-44 
AD678SD 
28-Pin Ceramic DIP 
-55°C to + 125°C 
AC 
D-28A 
AD678TD 
28-Pin Ceramic DIP 
- 55°C to + 125°C 
AC + DC 
D-28A 


NOTES 
'For details on grade and package offerings screened in accordance with MlL-STD-883, 
refer to 


Analog 
Devices 
Military 
Products 
Databook 
or /883 data sheet. 


2N = Plastic 
DIP; 
D = Ceramic 
DIP; 
J = J-Leaded 
Ceramic 
Chip Carrier. 
For outline 
information 
see Package 
Information 
section. 


AD678 


PIN DESCRIPTION 


28-Pin DIP 
44-Lead 
Symbol 
Pin No. 
JLCC Pin No. 
Type 


AGND 
7 
11 
P 


AIN 
6 
10 
AI 
BIPOFF 
10 
15 
AI 


CS 
4 
6 
Dr 
DGND 
14 
23 
P 
DBII-DB4 
26-19 
40,39,37,36 
DO 
35, 34, 33, 31 


DB3, DB2 
18,17 
30,27 
DO 


DBI (RIL) 
16 
26 
DO 
DBO(HBE) 
15 
25 
DO 
EOC 
27 
42 
DO 


EOCEN 
I 
I 
Dr 
HBE (DBO) 
15 
25 
Dr 


OE 
2 
Dr 


REFtN 
9 
14 
AI 
REFoUT 
8 
12 
AO 
RiI: (DBI) 
16 
26 
Dr 


SC 
3 
5 
Dr 


SYNC 
13 
21 
Dr 


Vcc 
11 
17 
P 


VEE 
5 
8 
P 


Voo 
28 
43 
P 
12/8 
12 
19 
Dr 


No Connect 
2,4,7,9, 
13, 


16, 18, 20, 22, 
24, 28, 29, 32, 
38,41,44 


Name and Function 


Analog Ground. This is !he ground rerum for AIN only. 
Analog Signal Input. 
Bipolar Offset. Connect 10 AGND for + 10 V input unipolar mode and straight binary 
output coding. Connect to REF OUT through 50 0 resistor for ±5 V input bipolar mode 
and twos complement binary output coding. See Figures 7 and 8. 
Chip Select. Active LOW. 
Digital Ground 
Data Bits 11 through 4. In 12-bit format (see 12/8 pin), !hese pins provide 
!he upper 8 bits of data. In 8-bit format, !hese pins provide all 12 bits in two bytes (see 
RIL pin). Active HIGH. 
Data Bits 3 and 2. In 12-bit format, !hese pins provide Data Bit 3 and Data Bit 2. 
Active HIGH. In 8-bit format !hey are undefined and should be tied to V00' 
In 12-bit format, Data Bit 1. Active HIGH. 
In 12-bit format, Data Bit O. Active HIGH. 
End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH when !he 
conversion is finished. In asynchronous mode, EOC is an open drain output and 
requires an external 3 kO pull-up resistor. See EOCEN and SYNC pins for information 
on EOC gating. 
End-Of-Convert Enable. Enables EOC pin. Active LOW. 
In 8-bit format, High Byte Enable. If LOW, output contains high byte. If HIGH, 
output contains low byte. 
Output Enable. The falling edge of OE enables DBII-DBO in 12-bit format and 
DBII-DB4 
in 8-bit format. Gated wi!h CS. Active LOW. 


Reference Input. +5 V input gives 10 V full scale range. 
+5 V Reference Output. Tied to REFIN through 50 0 resislOr for normal operation. 
In 8-bit format, Right/Left justified. Sets alignment of 12-bitresult wiIhin 16-bit field. 
Tied to Voo for right-justified output and tied 10 DGND for left-justified output. 
Start Convert. Active LOW. See SYNC pin for gating. 
SYNC Control. If tied 10 Voo (synchronous m~, 
SC, EOC and EOCEN are gated_ 
by CS. If tied to DGND (asynchronous mode), SC and EOCEN are independent of CS, 
and EOC is an open drain output. EOC requires an external 3 kO pull-up resistor in 
asynchronous mode. 
+ 12 V Analog Power. 
-12 V Analog Power. 
+ 5 V Digital Power. 
Twelve/eight bit format. If tied HIGH, sets output format 10 12-bit parallel. If tied 
LOW, sets output format to 8-bit multiplexed. 
These pins are unused and should be connected to DGND or V00. 
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Definition of Specifications-AD678 


NYQUIST 
FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
Frequency" 
of a converter is that input frequency which is one- 
half the sampling frequency of the converter. 


SIGNAL-TO-NOISE 
AND DISTORTION 
(SIN+D) 
RATIO 
SIN +D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding de. 


TOTAL 
HARMONIC 
DISTORTION 
(THD) 
THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of a full-scale input signal and is ex- 
pressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 


PEAK SPURIOUS 
OR PEAK HARMONIC 
COMPONENT 
The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and de. This 
value is expressed in decibels relative to the rms value of a full- 
scale input signal. 


INTERMODULATION 
DISTORTION 
(IMD) 
With inputs consisting of sine waves at two frequencies, fa 
and fb, any device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies 
of mfa ± nfb, where m, n = 0, 1,2, 
3 .... 
Intermodulation 
terms are those for which m or n is not equal to zero. For exam- 
ple, the second order terms are (fa + fb) and (fa - fb) and the 
third order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and 
(fa - 2 fb). The IMD products are expressed as the decibel ra- 
tio of the rms sum of the measured input signals to the rms sum 
of the distortion terms. The two signals applied to the converter 
are of equal amplitude and the peak value of their sum is 
-0.5 
dB from full scale (9.44 V pop). The IMD products are 
normalized to a 0 dB input signal. 


BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed 
fundamental 
is reduced by 3 dB 
for a full-scale input. 


The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-amplifier 
(SHA) is reached. 
At this point, the amplitude of the reconstructed 
fundamental 
has degraded by less than -0.1 
dB. Beyond this frequency, dis- 


tortion of the sampled input signal increases significantly. 


The AD678 has been designed to optimize input bandwidth, 
allowing the AD678 to undersample 
input signals with frequen- 
cies significantly above the converter's Nyquist frequency. 


APERTURE 
DELAY 
Aperture delay is a measure of the SHA's performance and is 
measured from the falling edge of Start Convert (SC) to when 
the input signal is held for conversion. In synchronous mode, 
Chip Select (CS) should be LOW before SC to minimize aper- 
ture delay. 


APERTURE 
JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the AID. 


INPUT 
SETTLING 
TIME 


Settling time is a function of the SHA's ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 
• 


DIFFERENTIAL 
NONLINEARITY 
(DNL) 
In an ideal ADC, code transitions are lLSB apart. Differential 
nonlinearity is the maximum deviation from this ideal value. It 
is often specified in terms of resolution for which no missing 
codes (NMC) are guaranteed. 


UNIPOLAR 
ZERO ERROR 
In unipolar mode, the first transition should occur at a level 


112 LSB above analog ground. Unipolar zero error is the devia- 
tion of the actual transition from that point. This error can be 
adjusted as discussed in the Input Connections and Calibration 
section. 


BIPOLAR ZERO ERROR 
In the bipolar mode, the major carry transition (1111 1111 1111 
to 0000 0000 0000 ) should occur at an analog value 112 LSB 
below analog ground. Bipolar zero error is the deviation of the 
actual transition from that point. This error can be adjusted as 
discussed in the Input Connections and Calibration section. 


GAIN ERROR 
The last transition should occur at an analog value 1 112 LSB 
below the nominal full scale (9.9963 volts for a 0-10 V range, 
4.9963 volts for a ±5 V range). The gain error is the deviation 
of the actual difference between the first and last code transition 
from the ideal difference between the first and last code transi- 
tion. This error can be adjusted as shown in the Input Connec- 
tions and Calibration section. 


INTEGRAL 
NONLINEARITY 
(INL) 
The ideal transfer function for a linear ADC is a straight line 
drawn between "zero" and "full scale." The point used as 
"zero" occurs 1I2LSB before the first code transition. 
"Full 
scale" is defined as a level 1 1/2LSB beyond the last code transi- 
tion. Integral nonlinearity is the worst-case deviation of a code 
from the straight line. The deviation of each code is measured 
from the middle of that code. 


POWER SUPPLY 
REJECTION 


Variations in power supply will affect the full-scale transition, 
but not the converter's linearity. Power Supply Rejection is the 
maximum change in the full-scale transition point due to a 
change in power-supply voltage from the nominal value. 


TEMPERATURE 
DRIFT 


This is the maximum change in the parameter from the initial 
value (@ 25°C) to the value at T min or T max' 
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Figure 5. SIN&D vs. Input Amplitude 


(fSAMPLE 
= 200 kSPS) 


Figure 7. Nonaveraged 
2048 Point FFT at 200 kSPS, 


fiN = 49.902 kHz 
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Figure 9. Power Supply Rejection 
(fiN 
= 10 kHz, 


fSAMPLE 
= 200 kSPS, VRIPPLE 
= 0.1 V pop) 


CONVERSION 
CONTROL 
In synchronous mode (SYNC = HIGH), both Chip Select (CS) 
and Start Convert (SC) must be brought LOW to start a conver- 
sion. CS should be LOW tsc before SC is brought LOW. In 
asynchronous mode (SYNC = LOW), a conversion is started by 
bringing SC low, regardless of the state of CS. 


Before a conversion is started, End-of-Convert 
(EOC) is HIGH, 
and the sample-hold is in track mode. After a conversion is 
started, the sample-hold goes into hold mode and EOC goes 
LOW, signifying that a conversion is in progress. During the 
conversion, the sample-hold will go back into track mode and 
start acquiring the next sample. EOC goes HIGH when the con- 
version is finished. 


In track mode, the sample-hold will settle to ±0.01 % (12 bits) 
in I fLS maximum. The acquisition time does not affect the 
throughput 
rate as the AD678 goes back into track mode more 
than I fLS before the next conversion. In multichannel 
systems, 
the input channel can be switched as soon as EOC goes LOW if 
the maximum throughput 
rate is needed. 


Unipolar 
Coding 
(Straight Binary) 


V'N* 
Output Code 


Bipolar Coding 
(Twos Complement) 


V'N* 
Output Code 


-5.000 
V 
100 
0 
-0.002 
V 
III 
I 
0.000 V 
000 
0 
+2.500 V 
010 
0 
+4.9976 V 
Oll 
I 


OV 
5.000 V 
9.9976 V 


000 
0 
100 
0 
III 
I 


OUTPUT 
ENABLE TRUTH 
TABLES 


12-BIT MODE (12/8 = HIGH) 


INPUTS 


(CS U OE) 
I 
o 


OUTPUT 


DBll-DBO 


High Z 
Enable 12-Bit Output 


INPUTS 
OUTPUTS 
- 
HBE 
(CSUOE) 
RIL 
DBll ... 
DB4 


X 
X 
1 
HighZ 


1 
0 
0 
0 
0 
0 
0 
a 
b 
c 
d 
Unipolar 
1 
1 
0 
e 
f 
g 
h 
i 
j 
k 
I 
Mode 
0 
0 
0 
a 
b 
c 
d 
e 
f 
g 
h 
0 
1 
0 
i 
j 
k 
1 
0 
0 
0 
0 


1 
0 
0 
a 
a 
a 
a 
a 
b 
c 
d 
Bipolar 
I 
1 
0 
e 
f 
g 
h 
i 
j 
k 
I 
Mode 
0 
0 
0 
a 
b 
c 
d 
e 
f 
g 
h 
0 
1 
0 
i 
j 
k 
I 
0 
0 
0 
0 
NOTES 
I ~ HIGH voltagelevel. 
o 
= LOW voltagelevel. 


X = Don't care. 
U = LogicalOR. 


END·OF·CONVERT 
In asynchronous mode, End-of-Convert 
(EOC) is an open drain 
output (requiring a minimum 3 kO, pull-up resistor) enabled by 
End-of-Convert 
ENable (EOCEN). 
In synchronous mode, EOC 
is a three-state output which is enabled by EOCEN and CS. See 
the Conversion Status Truth Table for details. Access (tSA) and 
float (tFO) timing specifications do not apply in asynchronous 
mode where they are a function of the time constant formed by 
the 10 pF output capacitance and the pull-up resistor. • 
INPUTS 


SYNC 
CS 
SC 
STATUS 


I 
I 
X 
No Conversion 
Synchronous 
I 
0 
Start Conversion 
Mode 
I 
0 
Start Conversion 
(Not Recommended) 


I 
0 
0 
Continuous Conversion 
(Not Recommended) 


0 
X 
I 
No Conversion 
Asynchronous 
0 
X 
Start Conversion 
Mode 
0 
X 
0 
Continuous Conversion 
(Not Recommended) 


NOTES 
I 
= HIGHvoltagelevel. 


o 
= LOWvoltagelevel. 


X = Don't care. 
= HIGHto LOWtraosition.Muststaylowfor t = !cp. 


INPUTS 
OUTPUT 


SYNC 
CS 
EOCEN 
EOC 
STATUS 


I 
0 
0 
0 
Converting 


1 
0 
0 
I 
Not Converting 


Synchronous 
1 
I 
X 
High Z 
Either 
Mode 
1 
X 
1 
High Z 
Either 


0 
X 
0 
0 
Converting 
Asynchronous 
0 
X 
0 
HighZ 
Not Converting 
Mode* 
0 
X 
I 
High Z 
Either 
NOTES 
I = HIGHvoltagelevel. 
o = LOWvoltagelevel. 
X ~ Don't care. 
*EOC requires a pull-up resistor in asynchronous mode. 


OUTPUT 
ENABLE 
OPERATION 
The data bits (DB11-DBO) are three-state outputs enabled by 
Chip Select (CS) and Output Enable (OE). CS should be LOW 
toE before OE is brought LOW. Bits DBI (RIL) and DBO 
(HBE) are bidirectional. 
In 12-bit mode they are data output 
bits. In 8-bit mode they are inputs which defme the format of 
the output register. 


In unipolar mode (BIPOFF 
tied to AGND), the output coding 
is straight binary. In bipolar mode (BIPOFF 
tied to REFoUT)' 
output coding is twos complement binary. 


When EOC goes HIGH, the conversion is completed and the 
output data may be read. Bringing OE LOW toE after CS is 
brought LOW makes the output register contents available on 
the data bits. A period of time leD is required after OE is 
brought HIGH before the next SC instruction may be issued. 


Figure 10 illustrates the 8-bit read mode (12/8 = LOW), where 
only DB11-DB4 
are used as output lines onto an 8-bit bus. The 
output is read in two steps, with the high byte read first, fol- 
lowed by the low byte. High Byte Enable (HBE) controls the 
output sequence. The 12-bit result can be right or left justified 
depending on the state of RlL. 


In 12-bit read mode (12/8 = HIGH), a single READ operation 
accesses all 12 output bits on DB11-DBO for interface to a 16- 
bit bus. Figure 11 provides the output timing relationships. 
Note that leR must be observed, in that SC pulses should not be 
issued at intervals closer than 5 ~s. If SC is asserted sooner than 
5 ~s, conversion accuracy may deteriorate. 
For this reason, SC 


should not be held LOW in an attempt to operate in a continu- 
ously converting mode. 


I 
fot,,~ 
~>--------- 


POWER·UP 
The AD678 rypically requires I0 ~s after power-up to reset in- 
ternallogic. 


INPUT 
CONNECTIONS 
AND CALmRATION 
The high (10 MO) input impedance of the AD678 eases the task 
of interfacing to high source impedances or multiplexer charmel- 
to-charmel mismatches of up to 1000 O. The 10 V POpfull-scale 
input range accepts the majority of signal voltages without the 
need for voltage divider networks which could deteriorate the 
accuracy of the ADC. 


The AD678 is factory trimmed to minimize linearity, offset and 
gain errors. In unipolar mode, the only external component that 
is required is a 50 0 ± 1% resistor. Two resistors are required in 
bipolar mode. If offset and gain are not critical (as in some ac 
applications), 
even these components can be eliminated. 


In some applications, 
offset and gain errors need to be trimmed 
out completely. The following sections describe the correct pro- 
cedure for these various situations. 


UNIPOLAR 
RANGE INPUTS 
Offset and gain errors can be trimmed out by using the con- 
figuration shown in Figure 12. This circuit allows approximately 
±25 mV of offset trim range (± 10 LSB) and ±0.5% of gain 
trim (±20 LSB). 


The first transition (from 0000 0000 0000 to 0000 0000 0001) 
should nominally occur for an input level of + 1/2 LSB 
(1.22 mV above ground for a 10 V range). To trim unipolar zero 
to this nominal value, apply a 1.22 mV signal to AIN and adjust 
RI until the first transition is located. 


The gain trim is done by adjusting R2. If the nominal value is 
required, 
apply a signal I 1/2 LSB below full scale (9.9963 V for 
a 10 V range) and adjust R2 until the last transition is located 
(1111 1111 1110 to 1111 1111 1111). 


If offset adjustment is not required, 
BIPOFF 
should be con- 
nected directly to AGND. If gain adjustment 
is not required, 
R2 should be replaced with a fixed 50 0 ± I% metal film resis- 
tor. If REFoUT 
is connected directly to REFIN, 
the additional 
gain error will be approximately 
1%. 


BIPOLAR RANGE INPUTS 
The connections for the bipolar mode are shown in Figure 13. In 
this mode, data output coding will be in twos-complement 
bi- 
nary. This circuit will allow approximately 
± 25 mV of offset 
trim range (± 10 LSB) and ±0.5% of gain trim range (20 LSB). 


Either or both of the trim pots can be replaced with 50 0 ± 1% 
fixed resistors if the AD678 accuracy limits are sufficient for the 
application. If the pins are shorted together, the additional offset 
and gain errors will be approximately 
1%. 


To trim bipolar zero to its nominal value, apply a signal 
1/2 LSB below midrange (-1.22 
mV for a ±5 V range) and ad- 
just RI until the major carry transition is located (1111 1111 
1111 toסס ooסס oo 0000). To trim the gain, apply a signal 
I 1/2 LSB below full scale (+4.9963 
V for a ±5 V range) and 
adjust R2 to give the last positive transition (0111 1111 1110 to 
0111 IIII 
1111). These trims are interactive so several iterations 
may be necessary for convergence. 


A single-pass calibration can be done by substituting 
a bipolar 
offset trim (error at minus full scale) for the bipolar zero trim 
(error at midscale), using the same circuit. First, apply a signal 
1/2 LSB above minus full scale (-4.9988 
V for a ± 5 V range) 


and adjust RI until the minus full-scale transition is located 
(1000 0000 0000 to 1000 0000 001). Then perform the gain error 
trim as outlined above. 
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Figure 12. Unipolar Input 
Connections with Gain 
and Offset Trims 


Figure 13. Bipolar Input 
Connections with Gain 
and Offset Trims 


BOARD LAYOUT 
Designing with high-resolution 
data converters requires careful 
attention to layout. Trace impedance is a significant issue. At 
the 12-bit level, a 5 mA current through a 0.5 0 trace will de- 
velop a voltage drop of 2.5 mY, which is I LSB for a 10 V full- 
scale span. In addition to ground drops, inductive and capacitive 
coupling need to be considered, especially when high-accuracy 
analog signals share the same board with digital signals. Finally, 
power supplies need to be decoupled in order to filter out ac 
noise. 


Analog and digital signals should not share a common path. 
Each signal should have an appropriate 
analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 


tracks, large gauge wire, and ground planes are highly recom- 
mended to provide low impedance signal paths. Separate analog 
and digital ground planes are also desirable, with a single inter- 
connection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 


The AD678 incorporates several features to help the user's 
layout. Analog pins (VEE, AIN, AGND, REFOUT> REF1N, 
BI- 
POFF, 
Vccl are adjacent to help isolate analog from digital sig- 
2 


nals. In addition, the 10 MO input impedance of AIN 
minimizes input trace impedance errors. Finally, ground cur- 
rents have been minimized by careful circuit design. Current 
through AGND is 200 fLA,with no code-dependent 
variation. 


The current through DGND is dominated by the return current 
for DBII-DBO 
and EOC. 


SUPPLY DECOUPLING 
The AD678 power supplies should be well filtered, well regu- 
lated, and free from high-frequency 
noise. Switching power sup- 
plies are not recommended. 
These supplies generate spikes 
which can induce noise in the analog system. 


Decoupling capacitors should be located as close as possible to 
all power supply pins. A 10 fLFtantalum capacitor in parallel 
with a 0.1 fLFceramic provides adequate decoupling. The power 
supply pins should be decoupled directly to AGND. 


An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD678, associated analog input circuitry and interconnec- 
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD678 will isolate large switching 
ground currents. 
For these reasons, the use of wire wrap circuit 
construction 
is not recommended; 
careful printed circuit con- 
struction is preferred. 


GROUNDING 
If a single AD678 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD678. If multiple AD678s are used or the AD678 shares ana- 
log supplies with other components, 
connect the analog and dig- 
ital returns together once at the power supplies rather than at 
each chip. This prevents large ground loops which inductively 
couple noise and allow digital currents to flow through the ana- 
log system. 


INTERFACING 
THE AD678 TO MICROPROCESSORS 
The I/O capabilities of the AD678 allow direct interfacing to 
general purpose and DSP microprocessor buses. The asynchro- 
nous conversion control feature allows complete flexibility and 
control with minimal external hardware. 


The following examples illustrate typical AD678 interface 
configurations. 


space. AU67M converSIOns are lmtlatea oy IssUIng an UU 1 !D- 
struction to Port 8. EOC status and the conversion result are 
read in with an IN instruction to Port 8. A single wait state is 
inserted by generating the processor READY input from IS, 
Port 8 and MSC. This configuration supports processor clock 
speeds of 20 MHz and is capable of supporting processor clock 
speeds of 40 MHz if a NOP instruction follows each AD678 
read instruction. 


AD678 TO 80186 
Figure 15 shows the AD678 interfaced to the 80186 micropro- 
cessor. This interface allows the 80186's built-in DMA control- 
ler to transfer the AD678 output into a RAM based FIFO 
buffer of any length, with no microprocessor intervention. 


In this application the AD678 is configured in the asynchronous 
mode, which allows conversions to be initiated by an external 
trigger source independent 
of the microprocessor clock. After 
each conversion, the AD678 EOC signal generates a DMA re- 
quest to Channel I (DRQI). 
The subsequent 
DMA READ op- 
eration resets the interrupt 
latch. The system designer must 
assign a sufficient priority to the DMA channel to ensure that 
the DMA request will be serviced before the completion 
of the next conversion. This configuration can be used with 
6-MHz and 8-MHz 80186 processors. 


AD678 TO ANALOG 
DEVICES 
ADSp·2101 
Figure 16 demonstrates 
the AD678 interfaced to an ADSP-2101. 


With a clock frequency of 12.5 MHz, and instruction execution 
in one 80 ns cycle, the digital signal processor supports the 
AD678 interface with one wait state. 


The converter is configured to run asynchronously using a sam- 
pling clock. The EOC output of the AD678 gets asserted at the 
end of each conversion and causes an interrupt. 
Upon interrupt, 


the ADSP-2101 immediately asserts its FO pin LOW. In the 
following cycle, the processor starts a data memory read by pro- 
viding an address on the DMA bus. The decoded address gener- 
ates OE for the converter, and the high byte of the conversion 
result is read over the data bus. The read operation is extended 
with one wait state and thus started and completed within two 
processor cycles (160 ns). Next, the ADSP-2101 asserts its FO 
pin HIGH. This allows the processor to start reading the lower 
byte of data. This read operation executes in a similar manner to 
the first and is completed during the next 160 ns. 


AD678 TO ANALOG 
DEVICES 
ADSP·2100A 
Figure 17 demonstrates 
the AD678 interfaced to an 
ADSP-2100A. With a clock frequency of 12.5 MHz, and in- 
struction execution in one 80 ns cycle, the digital signal proces- 
sor will support the AD678 data memory interface with three 
hardware wait states. 


The converter is configured to run asynchronously using a sam- 
pling clock. The EOC output of the AD678 gets asserted at the 
end of each conversion and causes an interrupt. 
Upon interrupt, 
the ADSP-2100A immediately executes a data memory write 
instruction which asserts HBE. In the following cycle, the pro- 
cessor starts a data memory read (high byte read) by providing 
an address on the DMA bus. The decoded address generates OE 
for the converter. OE, together with logic and latch, is used to 
force the ADSP-2100A into a one cycle wait state by generating 
DMACK. The read operation is thus started and completed 
within two processor cycles (160 ns). HBE is released during 
"high byte read." This allows the processor to read the lower 


AD679* 


FEATURES 
AC and DC Characterized 
and Specified (K, B, T 
Grades) 
128k Conversions 
per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
80 dB S/N+D 
(K, B, T Grades) 
Twos Complement 
Data Format (Bipolar Mode) 
Straight 
Binary Data Format (Unipolar 
Mode) 
10 MO Input Impedance 
8·Bit Bus Interface (See AD779 for 16·Bit Interface) 
On· Board Reference and Clock 
10 V Unipolar 
or Bipolar Input Range 
Pin Compatible 
with AD678 12·Bit, 200 kSPS ADC 
MIL·STD·883 Compliant 
Versions Available 


PRODUCT 
DESCRIPTION 
The AD679 is a complete, multipurpose 
14-bit monolithic 
anaIog-to-digitai converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor 
compatible bus interface, a voltage ref- 


erence and clock generation circuitry. 


The AD679 is specified for ac (or "dynamic") parameters such 
as SIN+ D ratio, THD and IMD which are important in signal 
processing applications. 
In addition, the AD679K, B and T 
grades are fully specified for dc parameters which are important 
in measurement 
applications. 


The 14 data bits are accessed in two read operations (8+6), with 
left justification. 
Data format is straight binary for unipolar 
mode and twos complement binary for bipolar mode. The input 
has a full-scale range of 10 V with a full power bandwidth of 
I MHz and a full linear bandwidth of 500 kHz. High input im· 
pedance (10 MOl allows direct connection to unbuffered 
sources 
without signal degradation. 
Conversions can be initiated either 
under microprocessor control or by an external clock asynchro- 
nous to the system clock. 


This product is fabricated on Analog Devices' BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed 
thin·fllm resistors provide 
high accuracy. The converter utilizes a recursive subranging al- 
gorithm which includes error correction and flash converter cir- 
cuitry to achieve high speed and resolution. 


The AD679 operates from +5 V and ±12 V supplies and dissi- 
pates 560 mW (typ.). 28·pin plastic DIP, ceramic DIP and 44 
Headed 
ceramic surface mount packages are available. 


• 


PRODUCT 
IDGHLIGHTS 
I. COMPLETE 
INTEGRATION: 
The AD679 minimizes ex· 


ternal component requirements 
by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock 
and digital interface on a single chip. This provides a fully 
specified sampling AID function unattainable 
with discrete 


designs. 


2. SPECIFICATIONS: 
The AD679K, B and T grades provide 


fully specified and tested ac and dc parameters. 
The 
AD679], A and S grades are specified and tested for ac 
parameters; dc accuracy specifications are shown as typicals. 
DC specifications (such as INL, gain and offset) are impor- 
tant in control and measurement 
applications. AC specifica· 
tions (such as SIN+ D ratio, THD and IMD) are of value in 
signal processing applications. 


3. EASE OF USE: The pinout is designed for easy board lay- 


out, and the two read output provides compatibility with 
8-bit buses. Factoty trimming eliminates the need for 
calibration modes or external trimming to achieve rated 
performance. 


4. RELIABILITY: 
The AD679 utilizes Analog Devices' 


monolithic BiMOS technology. This ensures long term reli- 
ability compared to multichip and hybrid designs. 


5. UPGRADE PATH: 
The AD679 provides the same pinout as 


the 12-bit, 200 kSPS AD678 ADC. 


6. The AD679 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD679/883B data sheet for detailed 
specifications. 


AD679-SPECIFICATIONS 


AC SPECIFICATIONS 


(TMIN to TMAX• Vee = +12 V ± ~%. VEE = -12 
V ± 5%. VDD = +5 V ± 10%. fSAMPU = 128 kSPS. 


fiN = 10.009 kHz unless otherwise noted)! 


AD679J/AIS 
AD679K1Bfr 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


SIGNAL-TO-NOISE 
AND DISTORTION 
(SIN+D) RATIO' 
-0.5 
dB Input (Referred to -0 dB Input) 
78 
79 
80 
81 
dB 
- 20 dB Input (Referred to - 20 dB Input) 
58 
59 
60 
61 
dB 
-60 dB Input (Referred to -60 dB Input) 
18 
19 
20 
21 
dB 


TOTAL 
HARMONIC 
DISTORTION 
(THDi 


@ +25°C 
-90 
-84 
-90 
-84 
dB 
0.003 
0.006 
0.003 
0.006 
% 
TMIN toTMAX 
-88 
-82 
-88 
-82 
dB 
0.004 
0.008 
0.004 
0.008 
% 


PEAK SPURIOUS OR PEAK HARMONIC 
COMPONENT 
-90 
-84 
-90 
-84 
dB 


FULLPO~RBAND~DTH 
1 
1 
MH2 


FULL LINEAR BAND~DTH 
500 
500 
. 
kHz 


INTERMODULATION 
DISTORTION 
(IMD)4 
2nd Order Products 
-90 
-84 
-90 
-84 
dB 
3rd Order Products 
-90 
-84 
-90 
-84 
dB 


NOTES 
'fIN amplitude = -0.5 
dB (9.44 V p-p) bipolar mode fuU scale unless otherwise indicated. All measurements refetted to a -0 dB (9.997 V p-p) input signal 
unless otherwise noted. 
'See Figure 15 for higher frequencies and other input amplitudes. 
'See Figures 13 and 14 for higher frequencies and other inpur amplitudes. 
'fA = 9.08 kHz, fa = 9.58 kHz, with fSAMPLE = 100 kSPS. See Definition of Specifications section. 
Specifications subject to change without notice. 


Parameter 
Test Conditions 
Min 
Max 
Units 


LOGIC INPUTS 
Vm 
High Level Input Voltage 
2.0 
VDD 
V 


VlL 
Low Level Input Voltage 
0 
0.8 
V 
1m 
High Level Input Current 
VIN = 
5V 
-10 
j 
+10 
IJA 
IlL 
Low Level Input Current 
VIN = 
OV 
-10 
+10 
IJA 
CIN 
Input Capacitance 
10 
pF 


LOGIC OUTPUTS 
VOH 
High Level Output Voltage 
IOH = 0.1 mA 
4.0 
V 
IOH = 0.5 mA 
2.4 
V 


VOL 
Low Level Output Voltage 
IOL = 1.6 mA 
0.4 
V 


loz 
High Z Leakage Current 
VIN = 0 or 5 V 
-10 
+10 
IJA 
Coz 
High Z Output Capacitance 
10 
pF 


NOTES 
Specifications shown in boldface are tested on all devices at fmal electrical test with worst case supply voltages al TM1N,+25°C and TMAX.Results from those 
tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 


C SPECIFICATIONS 


(TMIN t~ T~, 
.Vee= +12 V ± 5%, VEE = -12 
V ± 5%. Voo = +5 V ± 10% unless 
o 
otherwise mdlcated) 


AD679JIAIS 
AD679KJBIT 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


TEMPERATURE 
RANGE 
J, K, Grades 
0 
+70 
0 
+70 
°C 
A, B Grades 
-40 
+85 
-40 
+85 
°C 
S, T Grades 
-55 
+125 
-55 
+125 
°C 


ACCURACY 
Resolution 
14 
14 
Bits 


Integral 
Nonlinearity 
(INL) 
±2 
±I 
±2 
LSB 
Differential 
Nonlinearity 
(DNL) 
14 
14 
Bits 


Unipolar 
Zero Error' 
(@ + 25°C) 
0.08 
0.05 
0.07 
% FSR* 


Bipolar 
Zero Error' 
(@ + 25OC) 
0.08 
0.05 
0.07 
%FSR 
Gain Error" 
2 (@ +25OC) 
0.12 
0.09 
0.11 
%FSR 
Temperature 
Drift 
Unipolar 
Zero' 


J, K Grades 
0.04 
0.04 
0.05 
%FSR 
A, B Grades 
0.05 
0.05 
0.07 
%FSR 
S, T Grades 
0.09 
0.09 
0.10 
%FSR 
Bipolar 
Zero' 
J, K Grades 
0.02 
0.02 
0.04 
%FSR 
A, B Grades 
0.04 
0.04 
0.05 
%FSR 
S, T Grades 
. 
0.08 
0.08 
0.09 
%FSR 
Gain' 
J, K Grades 
0.09 
0.09 
0.11 
%FSR 
A, B Grades 
0.10 
0.10 
0.16 
%FSR 
S, T Grades 
0.20 
0.20 
0.25 
%FSR 
Gain' 
J, K Grades 
0.04 
0.04 
0.05 
%FSR 
A, B Grades 
0.05 
0.05 
0.07 
%FSR 
S, T Grades 
0.09 
0.09 
0.10 
%FSR 


ANALOG 
INPUT 
Input 
Ranges 
Unipolar 
Mode 
0 
+10 
0 
+10 
V 


Bipolar 
Mode 
-5 
+5 
-5 
+5 
V 
Input 
Resistance 
10 
10 
MO 
Input 
Capacitance 
10 
10 
pF 
Input 
Settling 
Time 
1.5 
1.5 
fLS 
Aperture 
Delay 
10 
10 
ns 


Aperture 
Jitter 
150 
150 
ps 


INTERNAL 
VOLTAGE 
REFERENCE 
Output 
Voltage' 
4.98 
5.02 
4.98 
5.02 
V 


External 
Load 
Unipolar 
Mode 
+1.5 
+1.5 
mA 
Bipolar 
Mode 
+0.5 
+0.5 
mA 


POWER 
SUPPLIES 
Power 
Supply 
Rejection 
Va:; = + 12 V ± 5% 
±6 
±6 
LSB 
VEE=-12V±5% 
±6 
±6 
LSB 
Voo 
= +5 V ± 10% 
±6 
±6 
LSB 
Operating 
Current 
Ia:; 
18 
20 
18 
20 
mA 


lEE 
25 
34 
25 
34 
mA 
100 
8 
12 
8 
12 
mA 
Power 
Consumption 
560 
745 
560 
745 
mW 


NOTES 


1Adjustable to zero. See Figures 5 and 6. 
2lncludes internal voltage reference error. 
'Includes internal voltage teference drift. 
'Excludes internal voltage reference drift. 
'With maximum enernalload 
applied. 


*% FSR = percent of full-scale range. 


Specifications 
shown 
in boldface are tested 
on all devices 
at final electrical 
test with worst 
case supply 
voltages 
at TMlN, 
25°C and TMAX• 
Results 
from 
those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 


• 


TIMING SPECIFICATIONS 
(All device types 
TMI" 
to TMAJ(, Vee = +12 V ± 5%, 
VEE = -12 
V ± 5%, VDD = +5 V ± 10%) 


Parameter 
Symbol 
Min 
Max 
Units 


SC Delay 
tse 
50 
ns 
Conversion Time 
le 
6.3 
jJ.S 
Conversion Rate' 
leR 
7.8 
jJ.S 
Convert Pulse Width 
1cP 
97 
ns 
Aperture Delay 
tAD 
5 
20 
ns 
Status Delay 
tso 
0 
400 
ns 
Access Time2, 
3 
tBA 
10 
100 
ns 
10 
57" 
ns 
Float Delay' 
tFO 
10 
80 
ns 
Output Delay 
too 
0 
ns 
Format Setup 
tFS 
100 
ns 
OE Delay 
toE 
20 
ns 
Read Pulse Width 
tRP 
195 
ns 
Conversion Delay 
leD 
400 
ns 
EOCEN Delay 
tEO 
50 
ns 


NOTES 


1Includes Acquisition Time. 
'Measured from the falling edge of OEIEOCEN (0.8 V) to the time at which the data lineslEOC cross 2.0 V or 0.8 V. See Figure 4. 
'COUT = 100pF. 
'CoUT 
= SOpF. 


'Measured from the rising edge of OEIEOCEN (2.0 V) to the time at which the output voltage changes by 0.5. See Figure 4; COUT = 10 pF. 
Specifications shown in boldface are tested on all devices at fmal electrical test with worst case supply voltages at TM1N, 
+25OCand TMAXo 
Results from those 
tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface 
are tested. 


Specifications subject to change without notice. 


0$' ---1_,sc_I 
_ 


'ADm 
leR==0- 


I I 
teD -+II+- 


TRACK 
I 
HOLD 
I 
TRACK 
I 
~'el 


EOC' --, 
~-~-'-OD 
--- 


CONTENT OF 
OUTl'llT 
DA_T_A_O 
X 
I 
DATA 1 


REGISTER 
I 
I 
-----VV-- 
oe' 


NOTES 


'IN 
ASYNCHRONOUS 
MODE. 
STATE 
OF CS DOES 
NOT AFFECT 
OPERATION. 


SEE THE START 
CONVERSION 
TRUTH 
TABLE 
FOR DETAILS. 


• EDCEN = LOW 
(SEE 
FIGURE 
3). IN SYNCHRONOUS 
MODE, 
EOC IS A THREE- 


STATE 
OUTPUT. 
IN ASYNCHRONOUS 
MODE, 
EOC IS AN OPEN 
DRAIN 
OUTPUT. 


'DATA 
SHOULD 
NOT BE ENABLED 
DURING 
A CONVERSION. 


NOTE 
'EOC 
IS A THREE·STATE 
OUTPUT 
IN SYNCHRONOUS 
MODE 
AND 
AN 
OPEN 
DRAIN 
OUTPUT 
IN ASYNCHRO- 
NOUS. 
ACCESS 
(tB.I AND 
FLOAT 
(t",1 TIMING 
SPECIFI· 
CATIONS 
DO NOT 
APPLY 
IN ASYNCHRONOUS 
MODE 
WHERE 
THEY 
ARE 
A FUNCTION 
THE 
TIME 
CONSTANT 
FORMED 
BY THE 
10 pF OUTPUT 
CAPACITANCE 
AND 
THE 
PULL·UP 
RESISTOR. 


TEST 


ACCESS 
TIME 
HIGH 
Z TO 
LOGIC 
LOW 
FLOAT 
TIME 
LOGIC 
HIGH 
TO 
HIGH 
Z 
ACCESS 
TIME 
HIGH 
Z TO 
LOGIC 
HIGH 
FLOAT 
TIME 
LOGIC 
LOW 
TO 
HIGH 
Z 


Vcp 
COUT 
5 V 
100 pF 
D V 
10 pF 
D V 
100 pF 
5 V 
10 pF 


With 
Respect 
Specification 
To 
Min 
Max 
Units 


Vcc 
AGND 
-0.3 
+18 
V 
VEE 
AGND 
-18 
+0.3 
V 
Vcc 
VEE 
-0.3 
+26.4 
V 
VDD 
DGND 
0 
+7 
V 
AGND 
DGND 
-1 
+1 
V 
AIN, REFIN 
AGND 
VEE 
Vcc 
V 
Digital Inputs 
DGND 
-0.5 
+7 
V 
Digital Outputs 
DGND 
-0.5 
VDD +0.3 
V 
Max Junction 
Temperature 
175 
°C 


With 
Respect 
Specification 
To 
Min 
Max 
Units 


Operating 
Temperature 
J and K Grades 
0 
+70 
°C 
A and B Grades 
-40 
+85 
°C 
S and T Grades 
-55 
+125 
°C 
Storage Temperature 
-65 
+150 
°C 
Lead Temperature 
(10 sec max) 
+300 
°C • 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


ESD SENSITMTY 
_ 


The 
AD679 
features 
input 
protection 
circuitry 
conslstmg 
of large 
"distributed" 
diodes 
and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charged 
Device Model). Per Method 
3015.2 of MIL-STD-883C, 
the AD679 
has been classified as a Category 1 device. 


Proper 
ESD precautions 
are strongly 
recommended 
to avoid functional 
damage or performance 
degradation. 
Charges as high as 4000 volts readily accumulate on the human body and test equip- 
ment 
and discharge 
without 
detection. 
Unused 
devices must 
be stored 
in conductive 
foam or 
shunts, 
and the foam should be discharged to the destination 
socket before devices are removed. 
For further information on ESD precautions, 
refer to Analog Devices' ESD Prevention Manual. 


ORDERING 
GUIDE 


Temperature 
Tested 
and 
Package 
Model 
Package 
Range 
Specified 
Option* 


AD679JN 
28-Pin Plastic DIP 
O°Cto +70°C 
AC 
N-28 
AD679KN 
28-Pin Plastic DIP 
O°Cto +70°C 
AC + DC 
N-28 
AD679JD 
28-Pin Ceramic DIP 
O°Cto +70°C 
AC 
D-28A 
AD679KD 
28-Pin Ceramic DIP 
O°Cto +70°C 
AC + DC 
D-28A 
AD679AD 
28-Pin Ceramic DIP 
-40°C to +85°C 
AC 
D-28A 
AD679BD 
28-Pin Ceramic DIP 
-40°C to +85°C 
AC + DC 
D-28A 
AD679SD 
28-Pin Ceramic DIP 
- 55°C to + 125°C 
AC 
D-28A 
AD679TD 
28-Pin Ceramic DIP 
-55°C to + 125°C 
AC + DC 
D-28A 
AD679AJ 
44-Lead Ceramic JLCC 
-40°C to +85°C 
AC 
J-44 
AD679BJ 
44-Lead Ceramic JLCC 
-40°C to +85°C 
AC + DC 
J-44 
AD679SJ 
44-Lead Ceramic JLCC 
-55°C to + 125°C 
AC 
J-44 
AD679TJ 
44-Lead Ceramic JLCC 
-55°C to + 125°C 
AC + DC 
J-44 


,. y~ 


27 
EOC 
,. 
DB' 
" 


DBI 


24 
DBI 
AD679 
" 


DN 
lOP 
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(NoIto~) 
22 ... 


21 
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.. DB' 
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DUO 
" 


DOND 


17 
DOND 
" 


DOND 


15 
HiE 


AD679 


TOf'VlEW 
(Notto~") 


28-Pin 
44-Lead 
DIP 
JLCC 
Symbol 
Pin No. 
Pin No. 
Type 
Name and Function 


AGND 
7 
II 
P 
Analog Ground. This is the ground rerum for AIN only. 


AIN 
6 
10 
AI 
Analog Signal Input. 


BIPOFF 
10 
15 
AI 
Bipolar Offset. Connect to AGND for + 10 V input unipolar mode and straight 
binary output coding. Connect to REFoUT 
for ±5 V input bipolar mode and 
twos complement binary output coding. 


CS 
4 
6 
DI 
Chip Select. Active LOW. 


DGND 
12, 14 
23 
P 
Digital Ground. 


DB7-DBO 
26-19 
40,39,37 
DO 
Data Bits. These pins provide all 14 bits in two bytes (8+6 bits). Active HIGH. 


36,35,34 
33,31 


EOC 
27 
42 
DO 
End-of-Convert. 
EOC goes LOW when a conversion starts and goes HIGH when 
the conversion fInishes. In asynchronous mode, EOC is an open drain output and 
requires an external 3 kO pull-up resistor. See EOCEN and SYNC pins for 
information on EOC gating. 


EOCEN 
I 
I 
DI 
End-of-Convert 
Enable. Enables EOC pin. Active LOW. 


HBE 
15 
25 
DI 
High Byte Enable. If LOW, output contains high byte. If HIGH, output 
contains low byte (corresponding 
to the most recently read high byte). 


OE 
2 
3 
DI 
Output Enable. A down-going transition on OE enables DB7-DBO. Gated with 
CS. Active LOW. 


REF1N 
9 
14 
AI 
Reference Input. 
+5 V input gives 10 V full scale range. 


REFoUT 
8 
12 
AO 
+5 V Reference Output. 
Tied to REFIN for normal operation. 


SC 
3 
5 
DI 
Start Convert. Active LOW. See SYNC pin for gating. 


SYNC 
13 
21 
DI 
SYNC Control. If tied to Voo (synchronous mode), SC and EOCEN are gated 
by CS. If tied to DGND (asynchronous mode), SC and EOCEN are independent 
of CS, and EOC is an open drain output. EOC requires an external 3 kO pull-up 
resistor in asynchronous mode. 


Va:; 
II 
17 
P 
+ 12 V Analog Power. 


VEE 
5 
8 
P 
-12 V Analog Power. 


Voo 
28 
43 
P 
+5 V Digital Power. 


- 
16 
U 
Tie to DGND. 


- 
17-18 
2,4,7,9, 
13 
U 
These pins are unused and should be connected to DGND or Voo. 
16, 18, 19, 20, 
22, 24, 26, 27, 
28, 29, 30, 32, 
38,41,44 


Type: AI = Analog Input. 


AO = Analog Output. 
DI = Digital Input (TTL and 5 V CMOS compatible). 
DO = Digital Output (TTL and 5 V CMOS compatible). All DO pins are three-state drivers. 
P = Power. 
U = Unused. 


Definition of Specifications - 
AD679 


NYQUIST 
FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
Frequency" 
of a converter is that input frequency which is one- 
half the sampling frequency of the converter. 


SIGNAL-TO-NOISE 
AND DISTORTION 
(SIN+D) 
RATIO 
SIN+ D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding de. 


TOTAL HARMONIC DISTORTION 
(THD) 
THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of a full-scale input signal and is 
expressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 


PEAK SPURIOUS 
OR PEAK HARMONIC COMPONENT 
The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and de. This 
value is expressed in decibels relative to the rms value of a full- 
scale input signal. 


INTERMODULATION 
DISTORTION 
(IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m + n), at sum and difference frequencies of mfa ± 
nfb, where m, n = 0, I, 2, 3 ... 
Intermodulation 
terms are 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa - fb) and the third 
order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and (fa - 
2 fb). The IMD products are expressed as the decibel ratio of 
the rms sum of the measured input signals to the rms sum of 
the distortion terms. The two signals applied to the converter 
are of equal amplitude and the peak value of their sum is 
-0.5 
dB from full scale (9.44 V p-p). The IMD products are 
normalized to a O-dB input signal. 


BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed 
fundamental is reduced by 3 dB 
for a full-scale input. 


The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-amplifier 
(SHA) is reached. 
At this point, the amplitude of the reconstructed 
fundamental 
has degraded by less than -0.1 
dB. Beyond this frequency, dis- 
tortion of the sampled input signal increases significantly. 


The AD679 has been designed to optimize input bandwidth, 
allowing it to undersample 
input signals with frequencies signifi- 
cantly above the converter's Nyquist frequency. 


APERTURE DELAY 
Aperture delay is a measure of the SHA's performance and is 
measured from the falling edge of Start Convert (SC) to when 
the input signal is held for conversion. In synchronous mode, 
Chip Select (CS) should be LOW before SC to minimize aper- 
ture delay. 


APERTURE JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the ND. 


INPUT SETTLING 
TIME 
Settling time is a function of the SHA's ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 


DIFFERENTIAL 
NONLINEARITY 
(DNL) 
In an ideal ADC, code transitions are I LSB apart. Differential 
linearity is the deviation from this ideal value. It is often speci- 
fied in terms of resolution for which no missing codes (NMC) 
are guaranteed. 
• 


INTEGRAL 
NONLINEARITY 
(INL) 
The ideal transfer function for a linear ADC is a straight line 
drawn between "zero" and "full scale." The point used as 
"zero" occurs 1/2 LSB before the first code transition. 
"Full 
scale" is defined as a level 1 1/2 LSB beyond the last code tran- 
sition. Integral linearity error is the worst case deviation of a 
code from the straight line. The deviation of each code is mea- 
sured from the middle of that code. 


Note that the linearity error is not user adjustable. 


POWER SUPPLY REJECTION 
Variations in power supply will affect the full-scale transition, 
but not the converter's linearity. Power Supply Rejection is the 
maximum change in the full-scale transition point due to a 
change in power supply voltage from the nominal value. 


TEMPERATURE 
DRIFT 
This is the maximum change in the parameter from the initial 
value (@+2S°C) to the value at TM1N or TMAx' 


UNIPOLAR ZERO ERROR 
In unipolar mode, the first transition should occur at a level 
1/2 LSB above analog ground. Unipolar zero error is the devia- 
tion of the actual transition from that point. This error can be 
adjusted as discussed in the Input Connections and Calibration 
section. 


BIPOLAR ZERO ERROR 
In the bipolar mode, the major carry transition (11 1111 1111 
1111 to 00 0000 0000 0000 ) should occur at an analog value 1/2 
LSB below analog ground. Bipolar zero error is the deviation of 
the actual transition from that point. This error can be adjusted 
as discussed in the Input Connections and Calibration section. 


GAIN ERROR 
The last transition should occur at an analog value 1 1/2 LSB 
below the nominal full scale (9.9991 volts for a 0-10 V range, 
4.9991 volts for a ±S V range). The gain error is the deviation 
of the actual level at the last transition from the ideal level with 
the zero error trimmed out. This error can be adjusted as shown 
in the Input Connections and Calibration section. 


CONVERSION 
CONTROL 
In synchronous mode (SYNC = HIGH), both Chip Select (CS) 
and Start Convert (SC) must be brought LOW to start a conver- 
sion. CS should be LOW tsc before SC is brought LOW. In 
asynchronous mode (SYNC = LOW), a conversion is started 
by bringing SC low, regardless of the state of CS. 


Before a conversion is started, End-of-Convert 
(EOC) is HIGH 
and the sample-hold is in track mode. After a conversion is 
started, the sample-hold goes into hold mode and EOC goes 
LOW, signifying that a conversion is in progress. During the 
conversion, the sample-hold will go back into track mode and 
start acquiring the next sample. 


In track mode, the sample-hold will settle to ±0.003% (14 bits) 
in I. 5 IJoS maximum. The acquisition time does not affect the 
throughput 
rate as the AD679 goes back into track mode more 
than 2 IJoS before the next conversion. In multichannel 
systems, 
the input channel can be switched as soon as EOC goes LOW. 


Bringing OE LOW toE after CS goes LOW makes the output 
register contents available on the output data bits (DB7-DBO). 
A period of time leD is required after OE is brought HIGH be- 
fore the next SC instruction is issued. 


If SC is held LOW, conversion accuracy may deteriorate. 
For 
this reason, SC should not be held low in an attempt to operate 
in a continuously converting mode. 


INPUTS 


SYNC 
CS 
SC 
STATUS 


I 
I 
X 
No Conversion 
Synchronous 
I 
0 
t 
Start Conversion 
Mode 
I 
t 
0 
Start Conversion 
(Not Recommended) 


I 
0 
0 
Continuous Conversion 
(Not Recommended) 


0 
X 
I 
No Conversion 
Asynchronous 
0 
X 
t 
Start Conversion 
Mode 
0 
X 
0 
Continuous Conversion 
(Not Recommended) 


NOTES 
1 
= HIGH voltagelevel. 


o 
= LOWvoltagelevel. 


X = Don't care. 


~ HIGH to LOWtransition.Muststaylowfor t = !cP. 


Unipolar 
Coding 
Bipolar Coding 
(Straight Binary) 
(Twos Complement) 


V'N* 
Output Code 
V'N• 
Output Code 


0.00000 V 
000 ... 
0 
-5.00000 
V 
100 ... 
0 
5.00000 V 
100 ... 
0 
-0.00061 
V 
III 
... 
I 
9.99939 V 
III 
... 
I 
0.00000 V 
000 ... 
0 
+2.50000 V 
010 ... 
0 
+4.99939 V 
011 ... 
I 


END-OF-CONVERT 
In asynchronous mode, End-of-Convert 
(EOC) is an open drain 
output (requiring a minimum 3 kn pull-up resistor) enabled by 
End-of-Convert 
Enable (EOCEN). 
In synchronous mode, EOC 
is a three-state output which is enabled by EOCEN and CS. See 
Conversion Status Truth Table. Access (tBA) and float (tpD) 
timing specifications do not apply in asynchronous mode where 
they are a function of the time constant formed by the external 
load capacitance and the pull-up resistor. 


OUTPUT 
ENABLE OPERATION 
The data bits (DB7-DBO) are three-state outputs that are en- 
abled by Chip Select (CS) and Output Enable (OE). CS should 
be LOW toE before OE is brought LOW. 


When EOC goes HIGH, the conversion is completed and the 
output data may be read. The output is read in two steps as a 
16-bit word, with the high byte read first, followed by the low 
byte. High Byte Enable (HBE) controls the output sequence. 
The 14-bit result is left justified within the 16-bit field. 


In unipolar mode (BIPOFF 
tied to AGND), the output coding 
is straight binary. In bipolar mode (BIPOFF 
tied to REFouT), 
output coding is twos-complement 
binary. 


POWER-UP 
The AD679 typically requires 10 IJoS after power-up to reset in- 
ternal logic. 


INPUTS 
OUTPUT 


SYNC 
CS 
EOCEN 
EOC 
STATUS 


I 
0 
0 
0 
Converting 
I 
0 
0 
I 
Not Converting 


Synchronous 
1 
1 
X 
HighZ 
Either 
Mode 
1 
X 
1 
HighZ 
Either 


0 
X 
0 
0 
Converting 
Asynchronous 
0 
X 
0 
HighZ 
Not Converting 
Mode* 
0 
X 
1 
HighZ 
Either 
NOTES 
1 = HIGHvoltagelevel. 
o = LOWvoltagelevel. 
X = Don't care. 
*EOC requires a pull·up resistor in asynchronous mode. 


INPUTS 
OUTPUTS 


HBE 
(CSUOE) 
DB7 ... 
DBO 


X 
1 
- 
HighZ- 


Unipolaror 
0 
0 
a 
b 
c 
d 
e 
f 
g 
h 
Bipolar 
1 
0 
, 
i 
j 
k 
I 
m 
n 
0 
0 
NOTES 
I 
~ HIGHvoltagelevel. 
a 
= MSB. 


o 
= LOWvoltagelevel. 
n 
= LSB. 
X 
= Don't care. 


U 
= Logical 
OR. 


Datacodingis binaryfor UnipolarModeand 2sComplementBinaryfor 
BipolarMode. 


Application 
Information 
- AD679 


INPUT 
CONNECTIONS 
AND CALIBRATION 
The high (10 MO) input impedance of the AD679 eases the task 
of interfacing to high source impedances or multiplexer channel- 
to-channel mismatches of up to 300 O. The 10 V p-p full scale 
input range accepts the majority of signal voltages without the 
need for voltage divider nerworks which could deteriorate the 
accuracy of the ADC. 


The AD679 is factory trimmed to minimize offset, gain and lin- 
earity errors. In unipolar mode, the only external component 
that is required is a 50 0 ± I% resistor. Two resistors are re- 
quired in bipolar mode. If offset and gain are not critical 
(as in some ac applications), even these components can be 
e1iminated. 


In some applications, offset and gain errors need to be trimmed 
out completely. The following sections describe the correct pro- 
cedure for these various situations. 


BIPOLAR RANGE INPUTS 
The connections for the bipolar mode are shown in Figure 5. In 
this mode, data output coding will be rwos complement binary. 
This circuit will allow approximately 
± 25 mV of offset trim 
range (±40 LSB) and ±0.5% of gain trim range (±80 LSB). 


Either or both of the trim pots can be replaced with 50 0 ± 1% 
ftxed resistors if the AD679 accuracy limits are sufficient for 
application. If the pins are shorted together, the additional offset 
and gain errors will be approximately 80 LSB. 


To trim bipolar zero to its nominal value, apply a signal 1/2 
LSB below midrange (-0.305 
mV for a ±5 V range) and adjust 
RI until the major carry transition is located (11 1111 1111 1111 
to 00סס oo 0000סס OO). To trim the gain, apply a signal I 1/2 
LSB below full scale (+4.9991 V for a ±5 V range) and adjust 
RZ to give the last positive transition (01 111111111110 
to 01 
1111 1111 1111). These trims are interactive so several iterations 
may be necessary for convergence. 


A single pass calibration can be done by substituting 
a bipolar 
offset trim (error at minus full scale) for the bipolar zero trim 
(error at midscale), using the same circuit. First, apply a signal 
1/2 LSB above minus full scale (-4.9997 
V for a ±5 V range) 


and adjust RI until the minus full scale transition is located 
(10סס oo 0000סס oo to 10000 000 0001). Then perform the gain 
error trim as outlined above. 


AIN 


:!:5 V INPUT 


~ 


REF1N 


AD679 


REFoUT 
OFFseT 
ADJUST 


BIPOFF 


AGND 


Figure 5. Bipolar Input Connections with Gain and 
Offset Trims 


UNIPOLAR 
RANGE INPUTS 
Offset and gain errors can be trimmed out by using the configu- 
ration shown in Figure 6. This circuit allows approximately 
±25 mV of offset trim range (±40 LSB) and ±0.5% of gain 
trim range (±80 LSB). 


The nominal offset is 1/2 LSB so that the analog range that cor- 
responds to each code will be centered in the middle of that 
code (halfway berween the transitions to the codes above and 
below it). Thus the ftrst transition (from 00סס ooסס ooסס oo to 
00סס ooסס oo 0001) should nominally occur for an input level of 
+ 1/2 LSB (0.305 mV above ground for a 10 V range). To trim 
unipolar zero to this nominal value, apply a 0.305 mV signal to 
AIN and adjust RI until the ftrst transition is located. 


The gain trim is done by adjusting RZ. If the nominal value is 
required, apply a signal I 1/2 LSB below full scale (9.9997 V for 
a 10 V range) and adjust RZ until the last transition is located 
(11 1111 1111 1110 to 11 1111 1111 1111). 


If offset adjustment is not required, 
BIPOFF 
should be con- 
nected directly to AGND. If gain adjustment 
is not required, 


RZ should be replaced with a ftxed 50 0 ± I% metal ftlm resis- 
tor. If REFouT 
is connected directly to REF1N, the additional 
gain error will be approximately 
1%. 


• 


Figure 6. Unipolar Input Connections with Gain and 
Offset Trims 


REFERENCE 
DECOUPLING 
It is recommended 
that a 10 ••.F tantalum capacitor be con- 
nected berween REFIN 
(Pin 9) and ground. This has the effect 
of improving the SIN+ D ratio through fIltering possible broad- 
band noise contributions 
from the voltage reference. 


BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a signiftcant issue. 
A 1.22 mA current through a 0.5 0 trace will develop a voltage 
drop of 0.6 mY, which is I LSB at the 14 bit level for a 10 V 
full scale span. In addition to ground drops, inductive and ca- 
pacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig- 
nals. Finally, power supplies need to be decoupled in order to 
fIlter out ac noise. 


Analog and digital signals should not share a common path. 
Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom- 
mended to provide low impedance signal paths. Separate analog 


connection pomt to mmlmize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 


The AD679 incorporates several fearures to help the user's lay- 
out. Analog pins (VEE, AIN, AGND, REFoUT' 
REF1N, 
BIPOFF, 
Vcc) are adjacent to help isolate analog from digital 
signals. In addition, the 10 Mil input impedance of AIN mini- 
mizes input trace impedance errors. Finally, ground currents 
have been minimized by careful circuit architecrure. 
Current 
through AGND is 200 p.A, with no code dependent variation. 
The current through DGND is dominated by the rerum current 
for DB7-DBO and EOC. 


SUPPLY 
DECOUPLING 
The AD679 power supplies should be well ftltered, well regu- 
lated, and free from high frequency noise. Switching power sup- 
plies are not reco=ended 
due to their tendency to generate 
spikes which can induce noise in the analog system. 


Decoupling capacitors should be used in very close layout prox- 
imity berween all power supply pins and analog ground. A 
10 p.F tantalum capacitor in parallel with a 0.1 p.F ceramic ca- 
pacitor provides adequate decoupling. 


An effort should be made to minimize the trace length berween 
the capacitor leads and the respective converter power supply 
and co=on 
pins. The circuit layout should attempt to locate 
the AD679, associated analog input circuitry and interconnec- 
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD679 will isolate large switching 
ground currents. 
For these reasons, the use of wire wrap circuit 
construction 
is not reco=ended; 
careful printed circuit con- 
struction is preferred. 


GROUNDING 
If a single AD679 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD679. If multiple AD679s are used or the AD679 shares ana- 
log supplies with other components, 
connect the analog and dig- 
ital rerums together once at the power supplies rather than at 
each chip. This prevents large ground loops which inductively 
couple noise and allow digital currents to flow through the ana- 
log system. 


USE OF EXTERNAL 
VOLTAGE 
REFERENCE 
The AD679 fearures an on-chip voltage reference. For improved 
gain accuracy over temperarure, 
a high performance external 
voltage reference may be used in place of the on-chip reference. 


The AD586 and AD588 are popular references appropriate for 
use with high resolution converters. The AD586 is a low cost 
reference which utilizes a buried Zener architecture to provide 
low noise and drift. The AD588 is a higher performance refer- 
ence which uses a proprietary 
ion-implanted 
buried Zener diode 
in conjunction with laser-trimmed 
thin-film resistors for low off- 
set and low drift. 


Figure 7 shows the use of the AD586 with the AD679 in a bipo- 
lar input mode. Over the 0 to +70°C range, the AD586 L-grade 
exhibits less than a 2.25 mV output change from its initial value 
at 25°C. REFIN (Pin 9) scales its input by a factor of rwo; thus, 


AD679, this results in a total gain drift of 0.09% FSR, which is 
an improvement 
over the on-chip reference performance of 
0.11% FSR. A noise-reduction 
capacitor, CN' has been shown. 


This capacitor reduces the broadband noise of the AD586 out- 
put, thereby optimizing the overall ac and dc performance of the 
AD679. 


Figure 8 shows the AD679 in unipolar input mode with the 
AD588 reference. The AD588 output is accurate to 0.65 mV 
from its value at 25°C over the 0 to 70°C range. This results in a 
0.06% FSR total gain drift for the AD679, which is a substantial 
improvement 
over the on-chip reference performance of 0.11 % 
FSR. A noise-reduction 
nerwork on Pins 4, 6 and 7 has been 
shown. The 1 p.F capacitors form low pass filters with the inter- 
nal resistance of the AD588 Zener and amplifier cells and exter- 
nal resistance. This reduces the high frequency (to I MHz) 
noise of the AD588, providing optimum ac and dc performance 
of the AD679. 


3.9kn 
11lF 
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INTERFACING 
THE AD679 TO MICROPROCESSORS 
The I/O capabilities of the AD679 allow direct interfacing to 
general purpose and DSP microprocessor buses. The asynchro- 
nous conversion 
control feature allows complete 
flexibility 
and 
control with minimal external hardware. 


The following examples illustrate typical AD679 interface 
configurations. 


AD679 to TMS320C25 
In Figure 9 the AD679 is mapped into the TMS320C25 1/0 
space. AD679 conversions are initiated by issuing an OUT in- 
struction to Port 1. EOC status and the conversion result are 
read in with an IN instruction to Port 1. A single wait state is 
inserted by generating the processor READY input from is, 
Port 1 and MSC. Address line AO provides HBE decoding to 
select between the high and low bytes of data. This configura- 
tion supports processor clock speeds of 20 MHz and is capable 
of supporting processor clock speeds of 40 MHz if a NOP in- 
struction follows each AD679 read instruction. 


AD679 to 80186 
Figure 10 shows the AD679 interfaced to the 80186 micropro- 
cessor. This interface allows the 80186's built-in DMA control- 
ler to transfer the AD679 output into a RAM based FIFO 
buffer of any length, with no microprocessor intervention. 


In this application the AD679 is configured in the asynchronous 
mode, which allows conversions to be initiated by an external 
trigger source independent 
of the microprocessor clock. After 
each conversion, the AD679 EOC signal generates a DMA 
request to Channell 
(DRQl). 
The subsequent 
DMA READ 
sequences the high and low byte AD679 data and resets the in- 
terrupt latch. The system designer must assign a sufficient pri- 
ority to the DMA channel to ensure that the DMA request will 
be serviced before the completion of the next conversion. This 
configuration can be used with 6 MHz and 8 MHz 80186 
processors. 


Figure 10. AD679 to 80186 DMA Interface 


AD679 to Analog Devices ADSp·2101 
Figure 11 demonstrates 
the AD679 interfaced to an ADSP-2101. 


With a clock frequency of 12.5 MHz, and instruction execution 


in one 80 ns cycle, the digital signal processor supports the 
AD679 interface with one wait state. 


The converter is configured to run asynchronously 
using a sam- 
pling clock. The EOC output of the AD679 gets asserted at the 
end of each conversion and causes an interrupt. 
Upon interrupt, 


the ADSP-2101 immediately asserts its FO pin LOW. In the 
following cycle, the processor starts a data memory read by pro- 
viding an address on the DMA bus. The decoded address gener- 
ates OE for the converter, and the high byte of the conversion 
result is read over the data bus. The read operation is extended 
with one wait state and thus started and completed within two 
processor cycles (160 ns). Next, the ADSP-2101 asserts its FO 
HIGH. This allows the processor to start reading the lower byte 
of data. This read operation executes in a similar manner to the 
first and is completed during the next 160 ns. • 


Figure 11. AD679 to ADSP-2101 Interface 


AD679 to Analog Devices ADSp·2100A 
Figure 12 demonstrates 
the AD679 interfaced to an ADSP- 
2100A. With a clock frequency of 12.5 MHz, and instruction 
execution in one 80 ns cycle, the digital signal processor will 
support the AD679 data memory interface with three hardware 
wait states. 


The converter is configured to run asynchronously 
using a sam- 
pling clock. The EOC output of the AD679 gets asserted at the 
end of each conversion and causes an interrupt. 
Upon interrupt, 


the ADSP-2100A immediately executes a data memory write 
instruction which asserts HBE. In the following cycle, the pro- 
cessor starts a data memory read (high byte read) by providing 
an address on the DMA bus. The decoded address generates OE 
for the converter. OE, together with logic and latch, is used to 
force the ADSP-2100A into a one cycle wait state by generating 
DMACK. The read operation is thus started and completed 
within rwo processor cycles (160 ns). HBE is released during 
"high byte read." This allows the processor to read the lower 
byte of data as soon as "high byte read" is complete. The low 
byte read operation executes in a similar manner to the first and 
is completed during the next 160 ns. 
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Figure 13. Harmonic Distortion 
vs. Input Frequency 
(-0.5 
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IMD Plot for 
f,N = 9.08 kHz (fB), 


9.58 kHz (fb) at 128 kSPS 
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Figure 14. Total Harmonic Distortion 
vs. Input Frequency 
and Amplitude 


-,. 
-2' 


-30 


~ -40 
, 
w -50 
Q5 -60 


Q. -70 
,. 


c( 
-80 


-90 


-'00 


-110 


-120 


-'30 


l•." 


" 


Figure 
16. 5-Plot Averaged 2048 Point FFT at 128 kSPS, 


f,N = 10.009 kHz 
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Figure 18. Power Supply Rejection 
(f,N = 10 kHz, 


fSAMPLE= 128 kSPS, VRIPPLE= 0.1 V frp) 
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FEATURES 
250MHz Full Power Bandwidth 
200 MSPS Guaranteed Conversion Rate 
19pF typ Input Capacitance 
Unipolar and Bipolar Input Range 
+5V/-5.2V 
Power Supplies 
Overflow and Underflow Signals 


PRODUCT 
DESCRIPTION 
The AD770 is an 8-bit analog-to-digital converter that is designed 
for high-speed digitization of wide-bandwidth 
signals. It uses an 
advanced VLSI bipolar process and a proprietary 
design to 
achieve a combination of sampling rate and signal bandwidth 
previously unavailable in flash ADCs. 


The AD770 incorporates 257 high speed comparators 
that 
are optimized for low input capacitance and wide bandwidth, 
unaffected by temperature 
or signal amplitude. 
The multistage 


comparator design reduces the probability of errors due to meta- 
stable states or insufficient gain. 


The decoding logic further reduces errors by using a two-stage 
error-correcting 
architecture 
to virtually eliminate "sparkle 
codes." Inputs and outputs are ECL compatible. Output format 
controls allow stacking oftwo devices for 9-bit resolution. Overflow 
and underflow output signals are provided. 


The AD770 can operate with unipolar and bipolar signal ranges 
up to 4V POp. End-point 
reference Force and Sense connections 
are provided to preserve high accuracy and minimize temperature 
drift. Midpoint and quarter-point 
reference taps are also provided 
to allow linearity or transfer function corrections. 


The AD770 is available in three grades. The JD and KD grades 
are specified for operation over the 0 to + 70°C temperature 
range, while the SD grade is specified for the - 55°C to + 125°C 
temperature 
range. All grades are packaged in a 4O-pin ceramic 
DIP. Other package options are available on request; please 
contact the factory. 


PRODUCT 
HIGHLIGHTS 
J. Performance: 
The AD770 is specified for operation at 200 
MSPS. Full power bandwidth 
is 250MHz; small signal 
bandwidth 
is 400MHz. 


2. Ease of Use: 
The AD770 input has a typical capacitance of 
19pF, simplifying input buffering requirements. 
Bipolar and 
unipolar input signals can be converted without offsetting. 
Differential or single-ended dock inputs can be accommodated 
by pin-strapping. 


ANALOG 
INPUT 


IAINI 


REFERENCE 
FORCE 


IREFTF) 


REFERENCE 
SENSE 
(REFTSI 


200 MSPS Wideband 
a-Bit AID Converter 


AD770* 
I 
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3. Features: 
Taps are provided at mid- and quarter-scale points 


of the reference ladder to permit linearity trimming or 
piecewise-linear transfer function modification. Overflow and 
underflow signals are also provided. These can be wire-or'd 
to provide an indication that the input signal has exceeded 
the range of the converter. 


AD770J/S 
AD770K 
Parameter 
Conditions 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


TEMPERATURE 
RANGE 
AD770J, AD770K 
0 
+70 
0 
+70 
°C 
AD770S 
-55 
+125 
°C 


RESOLUTION 
8 
8 
Bits 


DC ACCURACY 
Linearity Error 
+25°C 
-1 
+1 
-0.75 
+0.75 
LSB 
Tmin-Tmax 
-1.25 
+ 1.25 
-1 
+1 
LSB 
Differential Linearity 
+25°C 
-0.9 
+0.9 
-0.75 
+0.75 
LSB 
Tmin-Tmax 
-1.25 
+ 1.25 
-0.9 
+0.9 
LSB 
Absolute Accuracy 
+25°C 
-1.75 
+ 1.75 
-1 
+1 
LSB 
Tmin-Tmax 
-2 
+2 
-1.25 
+ 1.25 
LSB 


REFERENCE 
LADDER 
Ladder Resistance 
160 
200 
260 
160 
200 
260 
n 
LadderTC 
0.34 
0.34 
%rC 
Top Force-Sense Offset 
Tmin-Tmax 
3 
5 
3 
5 
LSB 
Bottom Force-Sense Offset 
Tmin-Tmax 
3 
5 
3 
5 
LSB 


ANALOG INPUT 
Input Current 
VIN= -IVto 
+ IV 
300 
300 
/LA 
Tmin-Tmax 
500 
500 
/LA 
Input Capacitance 
17 
19 
22 
17 
19 
22 
pF 


DIGITALINPUTS 
Tmin-Tmax 
Logic HIGH (VIH) 
-1.0 
-0.7 
-1.0 
-0.7 
V 
Logic LOW (VIL) 
-1.9 
-1.6 
-1.9 
-1.6 
V 
Logic HIGH Current (lIH) 
200 
200 
/LA 
Logic LOW Current (lId 
200 
200 
/LA 
Input Capacitance 
3 
3 
pF 


DIGITAL OUTPUTS 
Logic HIGH (VoH) 
lOOn Load to - 2V 
-1.0 
-0.7 
-1.0 
-0.7 
V 
Logic LOW (Vod 
loon Load to -2V 
-1.9 
-1.6 
-1.9 
-1.6 
V 
VBB 
-1.2 
-1.2 
V 


POWER SUPPLIES 
Vce 
4.75 
5.0 
5.25 
4.75 
5.0 
5.25 
V 
VEE 
-5.46 
-5.2 
-4.9 
-5.46 
-5.2 
-4.9 
V 
Ice (Analog) 
210 
269 
210 
269 
mA 
Ice (Digital) 
62 
78 
62 
78 
mA 
lEE(Analog) 
54 
69 
54 
69 
mA 
lEE(Digital) 
69 
88 
69 
88 
mA 
Power Consumption 
2000 
2550 
2000 
2550 
mW 


CaciUUl:ll:.- 
_Uiiu.aLaUii~ 
.••........ 
-Jr 
..__.. 
.... 
-Jr 
--- 
-- 


TIMING 
T min - T nwn lOon Load to 
Max Conversion Rate 
-2V 
200 
200 
MSPS 
Aperture Delay 
340 
340 
ps 
Aperture Jitter 
3 
3 
psrms 
Pipeline Delay 
1.5 
1.5 
1.5 
1.5 
Clock Cycles 
Output Delay 
2 
6 
2 
6 
ns 
Output Rise 
I 
I 
ns 
Output Fall 
I 
I 
ns 
Output Skew 
1.4 
2.35 
1.4 
2.35 
ns 


DYNAMIC PERFORMANCE 
F(N 
Full Scale 


(@2ooMSPS) 
(MHz) 
AtN(Volts) 
Full-Power Bandwidth 
:tl 
250 
250 
MHz 
Small-Signal Bandwidth 
:tl 
400 
400 
MHz 
Harmonic Distortionl 
I 
:tl 
50 
53 
dB 
10 
:tl 
43.5 
45.5 
dB 
50 
:tl 
35.5 
36 
dB 
100 
:tl 
25.5 
26 
dB 
I 
:to.5 
49 
52 
dB 
10 
:to.5 
42 
43.5 
dB 
50 
:to.5 
38 
39 
dB 
100 
:to.5 
31.5 
32 
dB 
Signal-ta-Noise Ratio' 
I 
:tl 
44.0(7.0) 
44.5(7.1) 
dB (ENOB) 


10 
:tl 
41.5 (6.6) 
42.0(6.7) 
dB (ENOB) 


50 
:tl 
34.0 (5.4) 
34.5 (5.4) 
dB (ENOB) 


100 
:tl 
25.0(3.9) 
25.5 (3.9) 
dB (ENOB) 


I 
:to.5 
40.5 (6.4) 
41.0(6.5) 
dB (ENOB) 


10 
:to.5 
39.0(6.2) 
39.5 (6.3) 
dB (ENOB) 


50 
:to.5 
35.5 (5.6) 
35.5 (5.6) 
dB (ENOB) 


100 
:to.5 
30.0(4.7) 
31.0(4.9) 
dB (ENOB) 


• 


NOTES 
ISignal-to-Noise 
Ratio 
includes 
harmonics 
in the noise 
factor. 


Specifications 
subject 
to change 
without 
notice. 


Specifications 
shown 
in boldface 
are tested 
on aU production 
units 
at fmal 
electrical 
test. 
Results 
from those 
tests are used to calculate 
outgoing 
quality 
levels. 
All min and max specifications 
are guaranteed, 
although 
only 
those 


shown 
in boldface 
are tested 
on all production 
units. 
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AD770 PIN DESCRIPTION 


SYMBOL 
PIN NO. 
TYPE 
NAME 
AND 
FUNCTION 


AGND 
9,12 
P 
Analog 
Ground 
AIN 
10,11 
AI 
Analog 
Input 


AVec 
1,2,15 
P 
+5V 
Analog 
Power 


AV •• 
7,13 
P 
5.2V 
Analog 
Power 
ClK 
20 
01 
Clock 
Input 
ClKBAR 
19 
01 
Complementary 
Clock 
Input 
DGND 
36,37 
P 
Digital 
Ground 
DVcc 
38,39 
P 
+5V 
Digita' 
Power 


DV •• 
23,24 
P 
5.2V 
Digital 
Power 
DO 
26 
DO 
Data 
Bit Output 
(lSBI 
01 
27 
DO 
Data 
Bit 
Output 
02 
28 
DO 
Data 
Bit 
Output 
03 
29 
DO 
Data 
Bit 
Output 
D4 
31 
DO 
Data 
Bit 
Output 
05 
32 
DO 
Data 
Bit 
Output 
06 
33 
DO 
Data 
Bit 
Output 
07 
34 
DO 
Data 
Bit 
Output 
(MSBI 
DGND 
30 
P 
Digital 
Output 
Ground 
(collectors 
of 
output 
transistors.) 
ORZ 
3 
01 
Overrange 
Zero. 
Sets 
the 
Polarity 
of 
the 
Data 
Bits for Overrange 
Condition. 
If ORZ%HIGH, 
00-07 
are lOW 
for 
Overrange 
Conditions. 


OVR 
35 
DO 
Overrange 
Output. 
Indicates 
that 
AIN$ 
(REFTS 
- 0.5lSB). 
REFBF 
17 
AI 
Negative 
Reference 
Force 
REFBQ 
14 
AI 
Negative 
Reference 
Quarter 
Point 
REFBS 
16 
AO 
Negative 
Reference 
Sense 
REFMID 
8 
AI 
Reference 
Midpoint 
REFTF 
4 
AI 
Positive 
Reference 
Force 
REFTQ 
6 
AI 
Positive 
Reference 
Quarter 
Point 
REFTS 
5 
AO 
Positive 
Reference 
Sense 
UNR 
25 
DO 
Underrange 
Output. 
UNR 
m = HIGH 
when 
AIN«REFBS 
- 
0.5 lSB). 


V •• 
18 
DO 
ECl 
Threshold 
Output 
for 
Clocks 


TYPE: 
AI 
Analog 
Input 
AO 
Analog 
Output 
01 
Digital 
Input 
DO 
Digital 
Output 
P 
Power 


AVec 
• 
NC 


AVec 
OVec 


ORZ 
OVec 


REFTF 
OGNO 


REFTS 
OGNO 


REFTO 
OVR 


AV•• 
07 


REFMIO 
D6 


AGNO 
9 
AD770 
OS 


AIN 
TOP VIEW 
D4 


AIN 
(Not to Scale) 
OGNO 


AGNO 
03 


AV •• 
02 


01 


DO 


UNR 


OVEE 


DVEE 


NC 


NC 


NC = NO CONNECT 
• 


EVALUATION 
BOARD 
The ADEB770 Evaluation Board allows the designer to easily 
evaluate the performance of the AD770. The ADEB770 includes 
a pin-socketed AD770, an input signal buffer and an adjustable 
reference generator. 
The input buffer can be bypassed for 
maximum versatility. 


On the output side, latched and buffered digital data is available 
at the output connector along with an output clock. Decimation 
hardware allows output data to be undersampled 
by factors of 
16 through 2, allowing the user to interface the board to commonly 
available logic analyzers. 


A reconstructed 
analog output is also provided by an on-board 
D/A converter. 


Specification 
With Respect to 
Min 
Max 
Units 


AVec 
AGND 
-0.3 
5.5 
V 
DVcc 
DGND 
-0.3 
5.5 
V 
AVEE 
AGND 
-5.72 
0.3 
V 
DVEE 
DGND 
-5.72 
0.3 
V 
AVec 
DVcc 
-0.5 
0.5 
V 
AVEE 
DVEE 
-0.5 
0.5 
V 
AIN 
AGND 
-3 
+2.25 
V 
AIN 
REFTF, 
REFBF 
-4.3 
4.3 
V 
CLK, CLKBAR, ORZ 
AGND 
-4.0 
0 
V 
REFTF,REFBF 
AGND 
-3 
+2.25 
V 
AGND 
DGND 
-0.5 
0.5 
V 
CLK 
CLKBAR 
-4.5 
4.5 
V 
lAIN 
110 
mA 


IREFTF,IREFRF 
30 
mA 


IREFTs,IREFRS 
3 
mA 
IREFMIO'IREFTQ,IREFRQ 
30 
mA 
IRR 
4 
mA 


ICI.K'ICeKBAR'10RZ 
I 
mA 
100-07'10VR'leNR 
40 
mA 
Junction Temperature 
175 
°C 
Power Dissipation ( + 25°C) 
3 
W 
Storage Temperature 
-65 
+ 150 
°C 
Thermal Resistance 
6JA(Still Air) (typ) 
36 
°C/W 
6JC<typ) 
10 
°CIW 


• Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the device. 
This 
is a stress rating only and functional 
operation 
of the device 
at 
these 
or any other 
conditions 
above 
those 
indicated 
in the operational 
sections 
of this 
specification 
is not implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods may affect device reliability. 


Linearity 
Temperature 
Error Max 
Package 
Model 
Description 
Range 
@ +25°C 
Option* 


AD770JD 
4O-Pin Ceramic DIP 
O°Cto +70°C 
±l 
D-40 
AD770KD 
4O-Pin Ceramic DIP 
O°Cto +70°C 
±3/4 
D-40 
AD770SD 
4O-Pin Ceramic DIP 
-55°C to + 125°C 
±l 
D-40 
AD770EB-l 
Evaluation Board for AD770 
±l 
AD770EB-2 
Evaluation Board for AD770 
±3/4 


DEFINITION 
OF SPECIFICATIONS 
Linearity 
Error 
Linearity Error is the deviation of the transfer function from a 
reference line. For the AD770, the linearity error is measured 
from the center of each code to the best-fit straight line. 


Differential 
Linearity 
In an ideal ADC, the code transitions are exactly ILSB apart. 
The Differential 
Linearity is the deviation of the transition 
spacing from the ideal value. A Differential Linearity spec of 
less than lLSB signifies that there are no missing output codes 
over the entire input range. 


Absolute 
Accuracy 
The Absolute Accuracy is the deviation of the center-point 
of 
each code from a straight line drawn between the reference 
sense points (REFTS, 
REFBS). 


Force-Sense 
Offset 
The Force-Sense Offset is the difference between the force and 
sense pin voltages divided by the input range. This offset will 
cause a corresponding 
offset error if the full-scale range is defined 


w.r.t. 
the reference force lines rather than with respect to the 
reference sense lines. 


Aperture 
Delay 
The delay between the falling edge of CLK and the time at 
which AIN is sampled. 


Aperture 
Jitter 
The sample-to-sample 
variation in aperture delay. 


Pipeline Delay 
The delay from the falling edge of CLK that samples the input 
to the rising edge of CLK that outputs the corresponding 
digital 
code. 


Output Delay 
The delay between the rising edge of CLK and the time when 
the output bits reach the logic threshold value for bits DO to D7 
and OVR. 


Output 
Skew 
The bit-to-bit variation in output delay for bits DO to D7 and 
OVR. 


Full-Power 
Bandwidth 
The input frequency at which the amplitude of the reconstructed 
output signal is reduced by 3dB for a full-scale input. 


Total Harmonic 
Distortion 
(THD) 
The rms sum of the first six harmonic components divided by 
the output signal amplitude. 
For frequencies above the Nyquist 
frequency, 
the aliased components are used. 


Signal-to-Noise 
Ratio (SNR) 
The ratio of the signal amplitude to the rms sum of all other 
spectral components, 
including harmonics but excluding de. 


SNR is expressed in dB and in Effective Number Of Bits (ENOB). 
These two notations are related by the following formula for 
full-scale inputs: 


Input 
Output 


A1N> 
A1N< 
ORZ 
07 ••••. 
DO 
UNR 
OVR 


O.996V 
0 
11111111 
0 
1 
O.996V 
1 
00000000 
0 
1 
0.988V 
0.996V 
X 
11111111 
0 
0 
0.980V 
0.988V 
X 
11111110 
0 
0 
0.973V 
0.980V 
X 
11111 
101 
0 
0 


-O.OO4V 
0.OO4V 
X 
10000000 
0 
0 


-0.998V 
0.980V 
X 
00000010 
0 
0 
-O.996V 
0.998V 
X 
00000001 
0 
0 
-1.004 
-O.996V 
X 
00000000 
0 
0 
-I.OO4V 
X 
00000000 
1 
0 • 


FF 
OVR 


FF 
OVR 


FE 
OVR 


FD 
OVR 


I 
" 
, 
, 
}---f/ 


, 
/ I 


:: 
~::~' 
1/2 1/2 
,,' 
j 


'1 
UNR 
I 


•• 
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Figure 3. 
Typical Absolute Accuracy vs. Output Code for 
Various Range Offsets 
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Figure 4. Input Current and Input Capacitance vs. 
Input Voltage 
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1: Vcc= +5.25V 
Vu= 
-S.46V 


2: Vcc= 
+5.00V 
Vu= 
-5.20V 


3: Vcc= 
+4.7SV 
VE£= -4.MV 


A: F•• = 12.S1221MHz 


B: F•• =100.01221MHz: 
Figure 8. Reconstructed Output of AD770 
Decimated by 1:32 @' 200MSPS 
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Figure 9. Smith Chart: Input Impedance Normalized to 
50n vs. Input Frequency 
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Figure 10. Harmonic Distortion vs. Input Frequency @ 
200MSPS: Full Power 
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Figure 11. Harmonic Distortion vs. Input Frequency @ 
200 MSPS: Small Signal 


Figure 13. 
1024pt FFT of AD770 Output @ 200 MSPS. 


F'N=5MHz at ± 1V Full Scale 
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Figure 15. 
1024pt FFT of AD770 Output (W200 MSPS. 


F'N=95MHz at ± 1V F.S. 


The user is advised to provide separate, low impedance analog 
and digital ground planes and tie them together at one place on 
the board, preferably at, or as near to, the ADC as possible. 


The dominant consideration 
in the selection of bypass capacitors 
for the AD770 is minimization of series resistance and inductance. 
Ceramic and film-type capacitors generally feature lower series 
inductance than tantalum or electrolytic types. The capacitors 
should be installed on the board with the shortest possible lead 
lengths. Chip capacitors are optimal in this respect. As shown in 
Figure 18, the analog ground plane provides bypassing for the 
analog power supplies (AVec, AVEE) as well as for the reference 
top, bottom, mid and quarter voltages. The digital ground plane 
should be used to bypass the digital supplies (DVcc, DVEE). 


To prevent output ringing, a ferrite bead in series with DGND 
Pins 36 and 37 is recommended. 
Output lines should be single 
fanout, properly terminated 
lOOn striplines for best results. 


DRIVING 
THE AD770 
The AD770 can be driven directly from most signal sources. 
The termination 
of the signal source, however, will affect the 
input bandwidth. 
Two possibilities are shown in Figure 16. 


Figure 16b. 50n Termination (-6dB) 
Employing 25n 
Series and 25n Shunt Resistors 


Both terminations 
result in son to ground; however the network 
of Figure 16b provides a lower impedance to the AD770 over 
frequency as well as a higher - 3dB point at the device. The 
trade-off is that Figure 16b attenuates the signal source by a 
factor of two ( - 6dB). These effects may be illustrated by modeling 
the input to the AD770 as a 19pF capacitor and analyzing the 
two termination 
networks as shown in Figure 17. 


The - 6dB network requires an input signal with twice the 
amplitude of the simple son shunt termination, 
but the benefits 
can be easily justified. The termination 
impedance reaches a 
high frequency value of ZSO, versus 14n for the standard termi- 
nation network. Another advantage is that the half-power 
bandwidth is more than twice that of the standard son shunt 
network. 


119PF 


1. IMPEDANCE SEEN BY AD770: 
Zs = 200 
+ (501150)= 450 
2. -3dB 
POINT AT AD770: 
fo= 12'll"450·19pF)-1 
fo=186MHz 


Figure 17a. Network for 50n Shunt Termination 


1. IMPEDANCE SEEN BY AD770: 
Zs=25011250+500) 
= 190 
2. -3dB 
POINT AT AD770: 
fo=12'll"190·19pF)-1 
fo=441MHz 


Figure 17b. Network for 25n Series and 25n Shunt 
Termination. 
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LATCHING 
THE OUTPUT 
DATA 
A simplified AD770 timing diagram is illustrated in Figure 19. 
The input signal is sampled on the falling edge of CLK. The 
output data for that sample is delayed by the Pipeline Delay 
plus the Output Delay. The Pipeline Delay is two CLK low 
periods and one CLK high period, and thus depends on the 
conversion rate and the clock duty cycle. Output Delay is measured 
from the second CLK rising edge after the falling edge which 
samples the analog input signal. Output 
Delay is not dependent 
on the conversion rate. 
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Output Delay varies from unit to unit due to manufacturing 
process variations. This factor, and the timing requirements 
of 
the extemallatch, 
must be considered when designing the output 
clock circuit. 
Figure 20 shows a more detailed timing diagram that illustrates 
the effect of Output 
Delay variations and external latch timing 
requirements. 
Data bit transitions are shown for units at the 
extreme limits of Output Delay (T D). For a unit with TD= TDmim 
the data bits will begin to slew after a delay of T Dmin,and all 
bits will have settled after a further delay of T SK (Output Skew). 
The data will then be stable until the next output data transition. 
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Figure 20. Detailed 
Timing 
Diagram 
Showing 
Output 
Delay 
Variation 


However, the Setup and Hold times (T su and T H) of the external 
latch must be subtracted 
to obtain the interval during which the 
external latch can be clocked (Data Valid Range). Thus: 


The clock circuit will require a maximum delay that can also be 
easily derived: 


For a unit with T D= T o,n.., the clock delay will be determined 
by the Maximum Output 
Delay (T nmax): 


If the Maximum Clock Delay for T D= T Dminis greater than the 
Minimum Clock Delay for T D= T nmax, a fIxed clock delay set 
between these two values can be used to latch the output of the 
AD770. 


For example, a 120 MSPS system using lOOK ECL logic would 
have the following conditions: 
• 


Tnmax=6.0ns 
Tsu=0.7ns 
FCLK = 120MHz 
T Dmin= 2.0ns 
TH=0.7ns 


Max Clock Delay (for T D= T DmiJ = l/FcLK + T Dmin- T H 
=9.6ns 


A fIxed clock delay could thus be used, with the following 
limits: 


As the sample rate increases, the range of ftXed clock delays 
becomes narrower. 
At 150 MSPS, using the same logic family, 


the range becomes: 


Max Clock Delay (for T D= T Dmin) = 6.3ns 
Min Clock Delay (for T D=T nmax) = 6.7ns 


The user should calculate whether a fIxed delay can be used in 
the system. If a fIxed delay cannot be used, a variable delay line 
is needed. 


VARIABLE 
DELAY LINE 
Continuing with the example above, we can determine the span 
of delays that is needed. 


Max Clock Delay (for T D= T Dmin) = 6.3ns 
Min Clock Delay (for TD=Tnmax) 
= 6.7ns 
Data Valid Range (for each device) < 1.25ns. 


The clock delay should have an adjustment 
range between (6.3 


- 
1.25/2) = 5.7ns and (6.7 + 1.25/2) = 7.3ns to center the 
clock edge in the middle of the Data Valid range for all devices. 


If a variable delay line is used, some means mu~\be: provided \0 
verify that the delay is correctly set for each device. This can be 
done by providing a test signal synchronized 
to the system 
timing and adjusting the delay to the centerpoint 
of the range 
that gives a stable output. 
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FEATURES 
Monolithic 10-Bit 18 MSPS AID Converter 
Low Power Dissipation: 1.2 W 
Signal-to-Noise Plus Distortion Ratio 
f'N = 1 MHz: 55 dB 
f'N = 8 MHz: 52 dB 
Guaranteed No Missing Codes 
On-Chip Track-and-Hold Amplifier 
100 MHz Full Power Bandwidth 
High Impedance Reference Input 
Out of Range Output 
Twos Complement and Binary Output Data 
Available in Commercial and Military Temperature 
Ranges 


PRODUCT DESCRIPTION 
The AD773 is a monolithic lO-bit, 18 MSPS analog-to-digital 
converter incorporating 
an on-board, high performance track- 
and-hold amplifier (THA). The AD773 converts video band- 
width signals without the use of an external THA. The AD773 
implements a multistage differential pipelined architecture with 
output error correction logic. The AD773 offers accurate perfor- 
mance and guarantees no missing codes over the full operating 
temperature 
range. 


Output data is presented in binary and twos complement for- 
mat. An out of range (OTR) signal indicates the analog input 
voltage is beyond the specified input range. OTR can be 
decoded with the MSB/MSB pins to signal an underflow or 
overflow condition. The high impedance reference input allows 
multiple AD773s to be driven in parallel from a single reference. 


The combined dc precision and dynamic performance of the 
AD773 is useful in a variety of applications. Typical applications 
include: video enhancement, 
HDTV, 
ghost cancellation, ultra- 


sound imaging, radar and high speed data acquisition. 


The AD773 was designed using Analog Devices' ABCMOS-l 
process which utilizes high speed bipolar and 2-micron CMOS 
transistors on a single chip. High speed, precision analog cir- 
cuits are now combined with high density logic circuits. Laser 
trimmed thin film resistors are used to optimize accuracy and 
temperature 
stability. 


The AD773 is packaged in a 28-pin ceramic DIP and is avail- 
able in commercial (O°Cto +70°C) and military (- 55°C to 
+ 125°C) grades. 


1O-Bit 18 MSPS 
Monolithic AID Converter 


AD773 
I• 


PRODUCT 
HIGHLIGHTS 
1. On-board THA 
The high impedance differential input THA eliminates the 
need for external buffering or sample and hold amplifiers. 
The THA offers the choice of differential or single-ended 
inputs. Input current is typically 5 f.LA. 


2. High Impedance Reference Input 
The high impedance reference input (200 kO) allows direct 
connection with standard +2.5 V references, such as the 
AD680, AD580 and REF43. 


3. Output Data Flexibility 
Output data is available in bipolar offset and bipolar twos 
complement binary format. 


4. Out of Range (OTR) 


The OTR output bit indicates when the input signal is be- 
yond the AD773's input range. 


AD773-S~ECIFICATIONS 


lTM1N to TMAJ( with AVDD = +5 V ± 5%, AVss= -5 
V ± 5%, DVDD = +5 V ± 5%, 
DC SPECIFICATIONS 
DRVDD = +5 V ± 5%, VREF = +2.500 
V unless otherwise indicated) 


AD773J 
AD773K 


Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
10 
10 
Bits 


DC ACCURACY (+ 25°C) 


Integral Nonlinearity 
LSB 
TMIN 
to TMAX 
±1 
±0.75 
±2 
LSB 
Differential Linearity Error 
LSB 
TMIN 
to TMAX 
±1 
±0.75 
±1 
LSB 
Offset 
0.5 
0.5 
3.5 
%FSR 
Gain Error 
0.5 
0.5 
2.0 
%FSR 
No Missing Codes 
GUARANTEED 


ANALOG INPUT 
Input Range 
1 
1 
Vp-p 
Input Current 
5 
20 
5 
20 
ILA 
Input Capacitance 
10 
10 
pF 


REFERENCE 
INPUT 
Reference Input Resistance 
50 
200 
50 
200 
kO 
Reference Input 
2.5 
2.5 
Volts 


LOGIC INPUT 
High Level Input Voltage 
+3.5 
+3.5 
V 
Low Level Input Voltage 
+1.0 
+1.0 
V 
High Level Input Current (VIN = DVDD) 
-10 
+10 
-10 
+10 
~ 
Low Level Input Current (VIN = 0 V) 
-10 
+10 
-10 
+10 
ILA 
Input Capacitance 
10 
10 
pF 


LOGIC OUTPUTS 
High Level Output Voltage (IOH = 0.5 mA) 
+2.4 
+2.4 
V 


Low Level Output Voltage (IOL = 1.6 mA) 
+0.4 
+0.4 
V 


POWER SUPPLIES 
Operating Voltages 
AVDD 
+4.75 
+5.25 
+4.75 
+5.25 
Volts 
AVss 
-5.25 
-4.75 
-5.25 
-4.75 
Volts 
DVDD, 
DRVDD 
+4.75 
+5.25 
+4.75 
+5.25 
Volts 
Operating Current 
IAVDD 
85 
100 
85 
100 
mA 
IAVss 
-140 
-185 
-140 
-185 
mA 
IDVDD 
15 
20 
15 
20 
mA 
IDRVDD 
1 
10 
15 
10 
15 
mA 


POWER CONSUMPTION2 
1.2 
1.5 
1.2 
1.5 
W 


POWER SUPPLY REJECTION 
6 
16 
6 
16 
mVN 


TEMPERATURE 
RANGE 
Specified (JIK) 
0 
+70 
0 
+70 
°C 


NOTES 
'GL 
~ IS pF typical. 


2100% production 
tested. 


Specifications 
subject 
to change 
without 
notice. 
See Defmition 
of Specifications 
for additional 
information. 


(TM1Nto TMAXwith AVDD= +5 
V ± 5%, AVss= -5 
V ± 5%, DVDD= +5 V ± 5%, DRVDD= +5 
V 
AC SPECIFICATIONS ± 5%, VREF= +2.500 
V unless otherwise 
indicated, 
fSAMPLE= 18 MSPS, fiN amplitude = -0.3 
dB) 


AD773J 
AD773K 


Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


DYNAMIC PERFORMANCE' 
Signal-to-Noise plus Distortion 


(SIN +D) Ratio 
fIN = 1 MHz 
52 
56 
54 
56 
dB 
fIN = 8.1 MHz 
45 
53 
47 
53 
dB 
fIN = 9 MHz 
53 
53 
dB 
Effective Number of Bits (ENOB) 


fIN = 1 MHz 
9.0 
9.0 
Bits 


fIN = 8.1 MHz 
8.5 
8.5 
Bits 


fIN = 9 MHz 
8.5 
8.5 
Bits 


Total Harmonic Distortion (THD) 


fIN = 1 MHz 
-64 
-57 
-64 
-59 
dB 
fIN = 8.1 MHz 
-55 
-46 
-55 
-48 
dB 
fIN = 9 MHz 
-56 
-56 
dB 
Spurious Free Dynamic Range2 
-67 
-67 
dB 
Full Power Bandwidth 
100 
100 
MHz 


Intermodulation 
Distortion (IMD)3 
Second Order Products 
-69 
-69 
dB 
Third Order Products 
-63 
-63 
dB 
Differential Phase 
0.2 
0.2 
Degree 
Differential Gain 
0.8 
0.8 
% 


Transient Response 
25 
25 
ns 
Overvoltage Recovery Time 
25 
25 
ns 
• 


NOTES 
'For typical dynamic performance curves at fSAMPLE 
~ 
16.2 MSPS and 18 MSPS, see Figures 2 through 13. 


'fIN ~ I MHz. 
'fa = 1.0 MHz, fb = 1.05 MH2. 
Specifications subject to change without notice. 


M 
G S 
C 
C 
0 S 
(for all grades TM1Nto TMAXwith AVDD= +5 V ± 5%, AVss = -5 
V ± 5%, DVDD= +5 
V ± 5%, 


TI IN 
PE IFI ATI N 
DRVDD= +5 
V ± 5%, VREF= +2.500 
V unless otherwise 
indicated, 
fSAMPLE= 18 MSPS) 


Symbol 
Min 
Typ 
Max 
Units 


Conversion Rate 
18 
MSPS 
Clock Period 
teLK 
55 
ns 


Clock High 
teH 
27 
ns 


Clock Low 
teL 
27 
ns 
Output Delay 
toD 
20 
ns 
Aperture Delay 
7 
ns 


Aperture Jiner 
9 
32 
ps 


Pipeline Delay (Latency) 
4 
Clock Cycles 


N 
ItCH 
ItCL 
---I I- too 


==x=======X=======X=======X 
X 
D~TA 
~ 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


Parameter 
With Respect 
to 
Min 
Max 
Units 


AVoo 
AGND 
-0.5 
+6.5 
V 
AVss 
AGND 
-6.5 
+0.5 
V 
DVoo' 
DRVoo 
DGND,DRGND 
-0.5 
+6.5 
V 
AGND 
DGND, 
DRGND 
-1.0 
+1.0 
V 
AVoo, 
AVss 
DVoo, 
DRVoo 
-6.5 
+0.5 
V 
CLK 
DVoo, 
DRVoo 
-6.5 
+0.5 
V 
REFIN 
REFGND, 
AGND 
-0.5 
+6.5 
V 
Junction Temperature 
+150 
°C 
Storage Temperature 
-65 
+150 
°C 
Lead Temperature 
(10 sec) 
+300 
°C 


AGND 


V1NB 


V,NA 


AVss 
AD773 
DVOD 


TOP VIEW 
CLK 
(Not 
to Scale) 


DRVOD 


DRGND 


OTR 


MSB 


BITl 
(MSB) 


BlT2 


BIT 3 


BlT4 


*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods may affect device reliability. 


Temperature 
Package 
Model 
Range 
Description 
Option* 


AD773JD 
O°Cto +70°C 
28-Pin Ceramic DIP 
D-28 
AD773KD 
O°Cto +70°C 
28-Pin Ceramic DIP 
D-28 


Symbol 
Pin No. 
Type 
Name and Function 


AGND 
5,28 
P 
Analog Ground. 


AVoo 
4 
P 
+ 5 V Analog Supply. 


AVss 
3,25 
P 
-5 V Analog Supply. 


BIT 1 (MSB) 
18 
DO 
Most Significant Bit. 
BIT 2-BIT 9 
17-10 
DO 
Data Bit 2 through Data Bit 9. 


BIT 10 (LSB) 
9 
DO 
Least Significant Bit. 


CLK 
23 
DI 
Clock Input. The AD773 will initiate a conversion on the falling edge of the clock input. See the 
Timing Diagram for details. 


DVoo 
24 
P 
+5 V Digital Supply. 
DRVoo 
7,22 
P 
+ 5 V Digital Supply for the output drivers. 


DGND 
6 
P 
Digital Ground. 


DRGND 
8,21 
P 
Digital Ground for the output drivers. 
MSB 
19 
DO 
Inverted Most Significant Bit. Provides twos complement output data format. 


OTR 
20 
DO 
Out of Range is Active HIGH on the leading edge of Code 0 or the trailing edge of Code 1023. 
See Output Data Format Table II. 


REFGND 
1 
AI 
REF GND is connected to the ground of the external reference. 


REF IN 
2 
AI 
REF IN is the external 2.5 V reference input, taken with respect to REF GND. 


V1NA 
26 
AI 
(+) Analog input signal to the differential input THA. 


V1NB 
27 
AI 
(-) Analog input signal to the differential input THA. 


INTEGRAL 
NONLINEARITY 
(INL) 
Linearity error refers to the deviation of each individual code 
from a line drawn from "zero" through "full scale." The point 
used as "zero" occurs 1/2 LSB before the first code transition. 
"Full scale" is defined as a level I 1/2 LSB beyond the last code 
transition. The deviation is measured from the center of each 
particular code to the true straight line. 


DIFFERENTIAL 
LINEARITY 
ERROR (DNL, 
NO 
MISSING 
CODES) 
An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from this ideal value. 


OFFSET 
The first transition should occur at a level 1/2 LSB above 
"zero." 
Offset is defined as the deviation of the actual first code 
transition from that point. 


GAIN ERROR 
The last code transition should occur for an analog value 1 1/2 
LSB below the nominal full scale. The gain error is the devia- 
tion of the actual level at the last transition from the ideal level. 


POWER SUPPLY 
REJECTION 
One of the effects of power supply variation on the performance 
of the device will be a change in gain error. The specification 
shows the maximum gain error deviation as the supplies are var- 
ied from their nominal values to their specified limits. 


SIGNAL-TO-NOISE 
PLUS DISTORTION 
(SIN+D) 
RATIO 
SIN + D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components including 
harmonics but excluding de. The value for SIN + D is expressed 
in decibels. 


EFFECTIVE 
NUMBER 
OF BITS (ENOB) 
ENOB is calculated from the following expression: 


SIN + D = 6.02N + 1.76, where N is equal to the effective 
number of bits. 


TOTAL 
HARMONIC 
DISTORTION 
(THD) 
THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of the measured input signal and is 
expressed as a percentage or in decibels. 


SPURIOUS 
FREE DYNAMIC 
RANGE 
The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and de. This 
value is expressed in decibels relative to the rms value of a full- 
scale input signal. 


INTERMODULATION 
DISTORTION 
(IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), 
at sum and difference frequencies of mfa±nfb, 


where m, n = 0, 1, 2, 3 .... 
Intermodulation 
terms are those 
for which m or n is not equal to zero. For example, the second 
order terms are (fa+fb) and (fa-fb) 
and the third order terms 


are (2fa+fb), 
(2fa-fb), 
(fa+2fb) and (fa-2fb). 
The IMD prod- 
ucts are expressed as the decibel ratio of the rms sum of the 
measured input signals to the rms sum of the distortion terms. 
• 
The two signals are of equal amplitude and the peak value of 
their sums is -0.5 
dB from full scale. The IMD products are 
normalized to a 0 dB input signal. 


DIFFERENTIAL 
GAIN 
The percentage difference between the output amplitudes of a 
small high frequency sine wave at two stated levels of a low fre- 
quency signal on which it is superimposed. 


DIFFERENTIAL 
PHASE 
The difference in the output phase of a small high frequency 
sine wave at two stated levels of a low frequency signal on which 
it is superimposed. 


TRANSIENT 
RESPONSE 
The time required for the AD773 to achieve its rated accuracy 
after a full-scale step function is applied to its input. 


OVERVOLTAGE 
RECOVERY 
TIME 
The time required for the ADC to recover to full accuracy after 
an analog input signal 150% of full scale is reduced to 50% of 
the full-scale value. 


APERTURE 
DELAY 
The difference between the switch delay and the analog delay of 
the THA. This effective delay represents the point in time, rela- 
tive to the rising edge of the CLOCK input, that the analog in- 
put is sampled. 


APERTURE 
JITTER 
The variations in aperture delay for successive samples. 


PIPELINE 
DELAY (LATENCY) 
The number of clock cycles between conversion initiation and 
the associated output data being made available. New output 
data is provided every clock cycle. 


FULL 
POWER BANDWIDTH 
The input frequency at which the amplitude of the recon- 
structed fundamental 
is reduced by 3 dB for a full-scale input. 
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Figure 4. Harmonic Distortion vs. Input Frequency, 
feLK = 18 MSPS: Full Power 
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Figure 5. Harmonic Distortion vs. Input Frequency, 
feLK = 18 MSPS: Small Signal 
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Figure 6. Typical FFTPlot of AD773, fCLK = 18 MSPS, 
"N = 1 MHz at 1 V p-p 
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Figure 7. Typical FFTPlot of AD773, fCLK = 18 MSPS, 
f'N = 8.5 MHz at 1 V p-p 
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Figure 10. Harmonic Distortion vs. Input Frequency, 
feLK = 16.2 MSPS: Full Power 
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Figure 11. Harmonic Distortion vs. Input Frequency, 
feLK = 16.2 MSPS: Small Signal 
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Figure 12. Typical FFT Plot of AD773, fCLK = 16.2 MHz, 
f,N = 1 MHz at 1 V p-p 
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Figure 13. Typical FFT Plot of AD773, fCLK = 16.2 MHz, 
f'N - 
8.05 MHz at 1 V p-p 


Theory of Operation 


The AD773 uses a pipelined multistage architecture 
with a 
differential input, fast settling track-and-hold 
amplifier (THA). 


Traditionally, 
high speed ADCs have used parallel, or flash 
architectures. 
When compared to flash converters, multistage 
architectures reduce the power dissipation and die size by reduc- 
ing the number of comparators. 
For example, the AD773 uses 
48 comparators compared to 1023 comparators for a 10-bit flash 
architecture. 


The AD773's main signal path transmits differential current 
mode signals. Low impedance current summing techniques are 
employed, increasing speed by reducing sensitivity to parasitic 
capacitances. Pipelining allows the stages to operate concurrently 
and maximizes system throughput. 


The input THA is followed by three 4-bit conversion stages. At 
any given time, the first stage operates on the most recent sam- 
ple, while the second stage operates on a signal dependent on 
the previous sample. This process continues throughout 
all three 
stages. The twelve digital bits provided by the three 4-bit stages 
are combined in the correction logic to produce a 10-bit repre- 
sentation of the sampled analog input. 


Pipeline delay, or latency, is four clock cycles. New output data 
is provided every clock cycle and is provided in both binary and 
twos complement format. The AD773 will flag an out-of-range 
condition when the analog input exceeds the specified analog 
input range. 


DRIVING 
THE AD773 INPUT 
The AD773 may be driven in a single-ended or differential fash- 
ion. V1NAis the positive input, and V1NBis the negative input. 
In the signle-ended configuration either V1NAor V1NBis con- 
nected to Analog Ground (AGND) while the other input is 
driven with a full-scale input of :t500 mV p-p. An inverted 
mode of operation can be achieved by simply interchanging 
the 
input connections. 


Both inputs of the AD773, V1NAand VINB, are high impedance 
and do not need to be driven by a low impedance source. Note, 
however, that as the source impedance increases, the input node 
becomes more susceptible to noise. The increased noise at the 
input will degrade performance. 
A 10 pF capacitor across V1NA 
and VINB as shown in Figure 14 is recommended 
to bypass high 
frequency noise. 


INPUT 
CONDITIONING 
In some cases, it may be appropriate 
to buffer the input source, 
add dc offset, or otherwise condition the input signal of the 
AD773. Choosing an appropriate op amp will vary with system 
requirements 
and the desired level of performance. 
Some sug- 
gested op amps are the AD9617, AD842, and AD827. 


Figure 15 shows a typical application where a unipolar signal is 
level shifted to the bipolar input range of the AD773. Note that 
the reference used with the AD773 can also provide a noise-free 
voltage source to generate the de offset. 


ANALOG 
4990 
INPUT 


(0 TO +1V) 


Figure 15. Unipolar to Bipolar Input Connection 


DIFFERENTIAL 
INPUT 
CONNECTIONS 
Operating the AD773 with fully differential inputs offers the 
advantage of rejecting common-mode 
signals present on both 
V1NAand VINB. The full-scale input range of V1NAand VINB 
when driven differentially is :t 250 mV p-p as shown in Table I. 


V1NA 


+250 mV 
-250 
mV 


V1NB 


-250 
mV 
+250 mV 


VINA-VINB 


+500 mV 
-500 
mV 


In some applications it may be desirable to convert a single- 
ended signal to a differential signal before being applied to the 
AD773. Figure 16 shows a single-ended to differential video line 
driver capable of driving doubly terminated cables. 


ANALOG 


INPUT 
(:tSOOmV) 


REFERENCE 
INPUT 
The AD773's high impedance reference input allows direct con- 
nection with standard voltage references. Unlike the resistor lad- 
der requirements 
of a flash converter the AD773's single pin, 
high impedance input can be driven from one low cost, low 
power reference. The high impedance input allows multiple 
AD773's to be driven from one reference thus minimizing drift 
errors. 


Figure 17 shows the AD773 connected to the AD680. The 
AD680 is a single supply, low power, low cost 2.5 V reference 
with performance specifications ideally suited for the AD773. 
The low pass ftIter minimizes the AD680's wideband noise. 
Other recommended 
2.5 V references are the AD580 and 
REF43. 


CLOCK INPUT 
The AD773's pipelined architecture 
operates on both the rising 
and falling edges of the clock input. A low jitter, symmetrical 
clock will provide the highest level of performance. 
The recom- 
mended logic families to drive the clock input are HC and F. 
The AD773's minimum clock half cycle may necessitate the 
use of an external divide-by-two circuit as shown in Figure 18. 
Power dissipation will vary with input clock frequency. Fig- 
ure 19 shows the AD773's power dissipation vs. input clock 
frequency. 
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Figure 19. Power Dissipation vs. Sample Frequency 


EQUIVALENT 
ANALOG 
INPUT 
CIRCUIT 
The AD773 equivalent analog input circuit is shown in Fig- 
ure 20. The typical input bias current is 5 f1A, while input ca- 
pacitance is typically 5 pF. In the single-ended input configura- 
tion one input is connected to AGND while the second input is 
driven to full scale (±500 mY). Under nominal conditions the 
collector of the input transistor is at + 1.15 V. This allows sig- 
nals to be offset by up to +0.65 V without significantly degrad- 
ing performance. 
In the negative direction, the emitter of the 
input transistor should not drop below -1.25 
V. Therefore, 
sig- 
nals can be offset by -0.65 
V without significant performance 
degradation. 
Figure 21 shows signal-to-noise ratio vs. common- 
mode input voltage. 


Figure 20. Equivalent Analog Input Circuit 
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Figure 21. S/N+D vs. Common-Mode Input Voltage, 
fCLK 
= 18 MSPS 


EQUIVALENT 
REFERENCE 
INPUT 
CIRCUIT 
The AD773 is designed to have a reference to analog input volt- 
age ratio of 2.5:1. When the AD773 is configured for single- 
ended operation a 2.5 volt reference input establishes a full-scale 
analog input voltage of 1 V p-p (± 500 mV with respect to 
VINB). 
Although the AD773 is specified and tested with VREF 
equal to 2.5 V and VIN equal to ±500 mV the reference input 
voltage and analog input voltages can be changed. To optimize 
the AD773's performance the 2.5: 1 ratio should be maintained. 
The simplified model of the AD773's reference input circuit is 
shown in Figure 22. 


The 2.5 V external reference is applied across resistor RI pro- 
ducing a current which in turn generates a voltage VBIAS' 
Multi- 
ple reference currents are generated from VBIAS and are used 
throughout 
the converter. R3 is used to cancel errors induced by 
the input bias current of the REFGND 
buffer. Figure 23 shows 
the SNR performance as the reference voltage is varied from its 
nominal value of 2.5 V. The input full-scale voltage is defmed 
by the following equation, 


Reference Voltage 
Input Full-Scale 
Voltage = 
2.5 


The power dissipation is modulated by variations in the refer- 
ence voltage. Figure 24 shows the variation in power dissipation 
versus reference voltage. 
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Figure 23. S/N+O 
vs. Reference Input 
Voltage, 


fCLK = 18 MSPS, 
f,N = 1 MHz 


TRANSIENT 
RESPONSE 
The fast settling input THA accurately converts full-scale input 
voltage swings in under one clock cycle. The THA's high im- 
pedance, fast slewing performance is critical in multiplexed or 
de stepped (charge coupled devices, infrared detectors) systems. 
Figure 25 show the AD773's settling performance with an input 
signal stepped from -500 
mV to OV. As can be seen, the output 
code settles to its fmal value in under one clock cycle. 
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vu.ru. 
UJ\H' rUKMll. 
The AD773 provides both MSB and MSB outputs, 
delivering 
positive true offset binary and twos complement output data. 
Table II shows the AD773's output data format. 


Analog Input 
Digital Output 


Offset 
Twos 
VINA-VINB 
Binary 
Complement 
OTR 


"'499.5 mV 
11 1111 1111 
01 1111 1111 
I 
499 mV 
11 1111 1111 
01 1111 1111 
0 
OmV 
10סס ooסס oo 
00 0000סס oo 
0 
-500 mV 
00סס ooסס oo 
10סס ooסס oo 
0 


s-5oo.5 
mV 
00סס ooסס oo 
10סס ooסס oo 
I 


OUT OF RANGE 
An out-of-range condition exists when the analog input voltage 
is beyond the input range (±5oo mY) of the converter. 
[Note 
the AD773 has a 4 clock cycle latency rating.] OTR (Pin 20) is 
set low when the analog input voltage is within the analog input 
range. OTR is set HIGH and will remain HIGH when the ana- 
log input voltage exceeds the input range by 1/2 LSB from the 
center of the ± full-scale output codes. OTR will remain HIGH 
until the analog input is within the input range. By logical 
ANDing OTR with the MSB and its complement, 
overrange 
high or underrange 
low conditions can be detected. Table III is 
a truth table for the over/under range circuit in Figure 26. Sys- 
tems requiring programmable 
gain conditioning prior to the 
AD773 can immediately detect an out of range condition, thus 
eliminating gain selection iterations. 


Mse~ 


OVER 
= .,. 


OTR 


_ 
UNDER=."'· 
Mse 


OTR 
MSB 
ANALOG 
INPUT 
IS 


0 
0 
In Range 
0 
1 
In Range 
I 
0 
Underrange 
I 
1 
Overrange 


GROUNDING 
AND LAYOUT 
RULES 
As is the case for any high performance device, proper ground- 
ing and layout techniques are essential in achieving optimal per- 
formance. The analog and digital grounds on the AD773 have 
been separated to optimize the management of return currents 
in a system. It is recommended 
that a 4-layer printed circuit 
board (PCB) which employs ground planes and power planes be 
used with the AD773. The use of ground and power planes of- 
fers distinct advantages: 


I. The minimization of the loop area encompassed by a signal 
• 
and its return path. 


2. The minimization of the impedance associated with ground 
and power paths. 


3. The inherent distributed 
capacitor formed by the power 
plane, PCB insulation, and ground plane. 


These characteristics result in both a reduction of electro- 
magnetic interference (EMI) and an overall improvement 
in 
performance. 


It is important 
to design a layout which prevents noise from 
coupling onto the input signal. The wide input bandwidth of the 
AD773 permits noise outside the desired Nyquist bandwidth 
to 


be digitized along with the desired signal. This can result in a 
higher overall level of spurious noise in the digitized spectrum. 
Digital signals should not be run in parallel with the input sig- 
nal traces and should be routed away from the input circuitry. It 
is also suggested that the traces associated with V1NAand VINe 
be the same length. 


Separate analog and digital ground should be joined together 
directly under the AD773 (see Figure 30). A solid ground plane 
under the AD773 is also acceptable if care is taken in the man- 
agement of the power and ground return currents. A general 
"rule-of-thumb" 
for mixed signal layouts dictate that the return 
currents from digital circuitry should not pass through critical 
analog circuitry. 


POWER SUPPLY 
DECOUPLING 
The analog and digital supplies of the AD773 have been sepa- 
rated to prevent the typically large transients associated with 
digital circuitry from coupling into the analog supplies (AVDD' 
AV55)' Each power supply pin should be decoupled with a 0.1 
fLFcapacitor located as close to the pin as possible. Additional 
0.1 fLFcapacitors in parallel with the DRVDD 
and DDVDD 
bypass capacitors are required to adequately suppress high 


_. 
• 
•• 
& 
'" 
-- 


capacitors are recommended. 
The inductance associated with 
the leads of through-hole ceramic capacitors typically render 
them ineffective at higher frequencies. A complete 
system will 
also incorporate tantalum capacitors in the 10--100 fLFrange to 
decouple low frequency noise and ferrite beads to limit high 
frequency noise. 


The digital supplies have additionally been separated into 
DRVDD 
and DVDD. 
The DRVDD 
pins provide power for the 
digital output drivers of the AD773 and are likely to contain 
high energy transients. 
Pin 22 should be decoupled directly to 
Pin 21 (DRGND) 
and Pin 7 should be decoup1ed directly to 
Pin 8 (DRGND) 
to minimize the length of the return path for 
these transients. 
A single +5 V supply is all that is required for 
DRVDD 
and DVDD, 
but decoupling DVDD with an RC fJlter 
network is suggested (see Figure 27). 


AD773 


.50 
TP9 


R. 
Tl'lD 


22 
C. 
0.1 
.SA 


C, 
'V 
AVDO 
DVDO 
2. 


ANALOG IN 
U1 
ORVOO 
22 
J' 
AD773 
,. 
DRGND 
21 
V ••• 
Cu< 
23 


OUTRAHGE 
20 


lOp' 
IISB 
" 
BlTl 
19 
Z7 
V••• 
BIT2 
17 


BIT3 ,. 


15 
R'. 
REFGHO 
BIT. ,. 
REF 
IN 
BIT. 
22 


BIT. 
13 
12 
22 
BIT7 
11 
BIT. 
22 
BIT9 
10 


BtT10 • 
22 


DRVDD 


DRGND 
AVSS 
22 


DGND 
AVSS 
22 


PJlCl"'lIlIOt2;~:!:!~ 


26 
~g; sa ~3 CSSl;$ 
• 
-=- 
Z7 
B' 
R' • 
-=- 
,. •• 
R• 
3 
R23 
B7 
R7 
25 •• 
U2 
R• 
2 
2. 
, 
22 


23 
as 
ADV7122 
R. .. 
0 
84 
R. 
T1'2 
22 
83 
R3 •• 
0 
21 
B2 
R2 
42 
20 
B' 
R' ., 
0 
•• 
... 
19 
so 
RD •• 
,. 
V•• 
c,. 
~~ 
-=- 


Tl" 


DGND 


Reference 
Designator 
Description 
Quantity 


RZ,R4 
Resistor, 
1%, 49.9 n 
2 
R5, R6, Rll-RZ2 
Resistor, 
5%, 22 n 
14 
R7, R8 
Resistor, 
5%, 39 n 
2 
R9 
Resistor, 
5%, 75 n 
1 
RIO 
Resistor, 
5%, 560 n 
1 
CI, C3-C8, 
Cll, 
C14, CI7-CZI 
Chip Cap, 0.1 ",F 
14 
C2 
Capacitor, 
Tantalum, 
10 ",F 
I 
C9, C12, CIS 
Chip Cap, 0.01 ",F 
3 
CIO, C13, CI6 
Capacitor, 
Tantalum, 
22 ",F 
3 
UI 
AD773 
I 
U2 
ADV7122 
I 
U3 
AD680 
1 
U4 
ADS89 
I 
US 
74AS04 
I 
FBI-FB3 
Ferrite Bead 
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Figure 30. Ground Layer PCB Layout 
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Figure 31. Power Layer PCB Layout 
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16-Bit 100 kSPS 
Oversampling ADC 


AD776 
I 


FEATURES 
Monolithic 16·Bit ADC 
Third-Order Noise Shaping 
96 dB Dynamic Range 
90 dB S/IN+D) 
16-Bit 100 kHz Output from FIR Filter 
12-Bit 400 kHz Output from Comb Filter 
No Missing Codes 
<0.001 dB In-Band Ripple 


PRODUCT DESCRIPTION 
The AD776 is a 16·bit sigma-delta oversampled ADC, incorpo- 
rating a I-bit noise shaping modulator and third order digital 
decimating fJ1ter. An on-ehip voltage reference circuit is 
included. 


The AD776 does not require the use of sam 
antialiasing fJ1ters as a result of its si 
output is available both before an 
Response (FIR) decimation fJ1ter. 
optimizing conversion speed or reso 
on: 


the Comb fJ1ter) or 16-bitll00 kHz (from the 
AD776 may be used with an input multiplexer 
a minimum 
output sampling period of 15 •.•.s in the Comb ftIter output mode. 


The AD776 is specified for ac (or "dynamic") 
parameters such 
as SIN+D Ratio, THD and IMD which are important in signal 
processing and audio applications. 


The AD776 operates from a single +5 V supply and typically 
consumes 350 mW during conversion. 


The AD776 is available in a 20-pin ceramic DIP (cerdip) or 20- 
pin plastic DIP package. 


REFIH 


REFOUT 


AVDD 


TPO 
Aon6 
TP, 
TOP 
VIEW 
(Hollo 
Sc.ole) 
TP2 


1l'3 


DGHD 


DOE 


DOUT • 


o 
pie-hold circuits or antialias fJ1ter required 


.4 MHz maximum input sample rate 


12.8 MHz maximum internal clock rate 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


RESOLUTION 


TEMPERATURE 
RANGE 


TOTAL 
HARMONIC 
DISTORTION 
(THD) 


+85 
-90 
0.003 


SIGNAL-TO-NOISE 
DISTORTION 
RATIO 
(S/(N+D)) 
45.5 kHz Bandwidth 


PEAK SPURIOUS 
OR PEAK HARMONIC 
COMPONENT 


INTERMODULATION 
DISTORTION 
(IMD) 
2nd Order Products 
3rd Order Products 


VOLTAGE 
REFERENCE 
OUTPUT 
(VREF) 


MAXIMUM 
ANALOG 
INPUT 
RANGE 


MAXIMUM 
INPUT 
SIGNAL' 


INPUT 
IMPEDANCE 


DC ACCURACY 
Differential 
Nonlinearity 
INL 
Gain Error 
Midscale Error 


DIGITAL 
FILTER 
CHARACTERISTICS 
Passband Ripple 
Stopband 
Attenuation 


POWER 
SUPPLY 
REQUIREMENTS2 


Analog Supply Voltage (AV00) 
Digital Supply Voltage (DVoo) 
Analog Supply Current 
Digital Supply Current 
Power Consumption 
Power Supply Rejection' 


NOTES 
lThe 
input 
signal 
may be centered 
at any choice 
of de offset 
voltage 
as long 
as peak 
values 
are bounded 
by the Maximum 
Analog 
Input 
Range 
value. 
2The AD776 
may be operated from a single +5 V supply. 


3with external 
voltage 
reference. 


90 
-100 


-102 
-98 


2 


2 X VREF 
±0.5 VREF 


TBD 
TBD 
T)3D 


0.001 
TBD 


5.0 
5.5 
AVoo 
TBD 
TBD 
350 
400 
70 


Parameter 
Test Conditions 
Min 
Typ 
Max 
Unils 
LOGIC INPUTS 
V1H 
High Level Input Voltage 
2.0 
Voo 
V 
V1L 
Low Level Input Voltage 
-0.5 
0.8 
V 
IIH 
High Level Input Current 
VIH = Voo 
-10 
+10 
,..A 


IlL 
Low Level Input Current 
V1L = OV 
-10 
+10 
,..A 


ILC 
Input Leakage Current 
1.0 
IJoA 
CIN 
Input Capacitance 
10 
pF 
Iz 
Hi-Z Input Current for SDO 
10 
IJoA 


LOGIC OUTPUTS 
VOH 
High Level Output Voltage 
IOH = 0.4 rnA 
2.4 
V 
VOL 
Low Level Output Voltage 
IOL = 2.0 rnA 
0.5 
V 


CAUTION 
The AD776 features input protection circuitry consisting of large "distributed" 
diodes and polysili- 
con series resistors to dissipate both high energy discharges (Human 
Body Model) and fast, low 
energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, 
the AD776 has been 
classified as a Category 1 Device. 


Proper ESD precautions 
are strongly recommended 
to avoid functional 
damage or performance 
degradation. 
Charges as high as 4000 volts readily accumulate 
011 the human body and test equip- 
ment, and discharge without detection. Unused devices must be stored in conductive foam or shunts, 
and the foam discharged to the destination socket before devices are removed. For further informa- 
tion on ESD precaution, 
refer to Analog Devices' ESD Prevention Manual. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise 
agreed to in writing. 


IlIIIIIIII ANALOG 
WDEVICES 


I 
FEATURES 
AC and DC Characterized and Specified (K. B. T 
Grades) 
128k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
80 dB S/N+D 
(K. B. T Grades) 
Twos Complement Data Format (Bipolar Mode) 
Straight Binary Data Format (Unipolar Mode) 
10 Mfi Input Impedance 
16-Bit Bus Interface (See AD679 for 8-Bit Interface) 
On-Board Reference and Clock 
10 V Unipolar or Bipolar Input Range 
MIL-STD-883 Compliant Versions Available 


PRODUCT 
DESCRIPTION 
The AD779 is a complete, multipurpose 
14-bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage 
reference and clock generation circuitry. 


The AD779 is specified for ac (or "dynamic") 
parameters such 


as SIN +D ratio, THD and IMD which are important in signal 
processing applications. 
In addition, the AD779K, B and T 
grades are fully specified for dc parameters which are important 
in measurement 
applications. 


The 14 data bits are accessed by a 16-bit bus in a single read 
operation. 
Data format is straight binary for unipolar mode and 
twos complement binary for bipolar mode. The input has a full- 
scale range of 10 V with a full power bandwidth of I MHz and 
a full linear bandwidth of 500 kHz. High inpur impedance 
(10 MO) allows direct connection to unbuffered sources without 
signal degradation. 


This product is fabricated on Analog Devices' BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed 
thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging al- 
gorithm which includes error correction and flash converter cir- 
cuitry to achieve high speed and resolution. 


The AD779 operates from +5 V and ± 12 V supplies and dissi- 
pates 560 mW (typ). Twenty-eight-pin 
plastic DIP, ceramic 
DIP, and 44-J-Ieaded ceramic surface mount packages are 
available. 


·Protected by U.S. Patent Numbers 4,804,960; 4,814,767; 4,833,345; 
4,250,445; 4,808,908; RE30,586. 


14-Bit 128 kSPS 
Complete Sampling ADC 


AD779* 
I 
• 


PRODUCT HIGHLIGHTS 
I. COMPLETE 
INTEGRATION: 
The AD779 minimizes ex- 
ternal component requirements 
by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci- 
fied sampling AID function unattainable 
with discrete de- 
signs. 


2. SPECIFICATIONS: 
The AD779K, Band 
T grades pro- 
vide fully specified and tested ac and dc parameters. 
The 


AD779 J, A and S grades are specified and tested for ac pa- 
rameters; dc accuracy specifications are shown as typicals. 
DC specifications (such as INL, gain and offset) are impor- 
tant in control and measurement 
applications. 
AC specifica- 


tions (such as SIN +D ratio, THD and IMD) are of value in 
signal processing applications. 


3. EASE OF USE: The pinour is designed for easy board lay- 
our, and the single cycle read output provides compatibility 
with 16-bit buses. Factory trimming eliminates the need for 
calibration modes or external trimming to achieve rated 
performance. 


4. RELIABILITY: 
The AD779 utilizes Analog Devices' 


monolithic BiMOS technology. This ensures long term 
reliability compared to multichip and hybrid designs. 


S. The AD779 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD779/883B data sheet for detailed 
specifications. 


AD779 - 
SPECIFICATIONS 


AC SPECIFICATIONS 
(Tminto Tmal• Vee = + 12 V :t ~%. VEE = -12 
V :t 5%. Voo = +5 V :t 10%. 
'SAMPLE = 128 kSPS. 
fiN = 10.009 kHz unless otherwise noted) 1 


AD779JIAfS 
AD779K1Brr 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


SIGNAL·TO·NOISE 
AND DISTORTION 
(SIN + D) RATIO' 
-0.5 
dB Input (Referred to -0 dB Input) 
78 
79 
80 
81 
dB 
- 20 dB Input (Referred to - 20 dB Input) 
58 
59 
60 
61 
dB 
-60 dB Input (Referred to -60 dB Input) 
18 
19 
20 
21 
dB 


TOTAL 
HARMONIC 
DISTORTION 
(THD)3 


@: +25°C 
-90 
-84 
-90 
-84 
dB 
0.003 
0.006 
0.003 
0.006 
% 


Tmin to Tmax 
-88 
-82 
-88 
-82 
dB 
0.004 
0.008 
0.004 
0.008 
% 


PEAK SPURIOUS OR PEAK HARMONIC 
COMPONENT 
-90 
-84 
-90 
-84 
dB 


FULL POWER BANDWIDTH 
1 
1 
MHz 


FULL LINEAR BANDWIDTH 
500 
500 
kHz 


INTERMODULATION 
DISTORTION 
(IMD)' 


2nd Order Products 
-90 
-84 
-90 
-84 
dB 
3rd Order Products 
-90 
-84 
-90 
-84 
dB 


NOTES 
IfIN amplitude ~ -0.5 
de (9.44 V pop) bipolar mode full scale unless otherwise indicated. All measurements referred to a -0 dB (9.997 V p-p) input signal 
unless otherwise noted. 
lSee Figure 15 for higher frequencies and other input amplitudes. 
"See Figures 13 and 14 for higher frequencies and other input amplitudes. 


"fA = 9.08 kHz, Ca= 9.58 kHz, with {SAMPLE 
= 128 kSPS. See Definition of Specifications section. 
Specifications subject to change without notice. 


Parameter 
Test Conditions 
Min 
Max 
Units 


LOGIC INPUTS 
VIH 
High Level Input Voltage 
2.0 
Voo 
V 
VIL 
Low Level Input Voltage 
0 
0.8 
V 
IIH 
High Level Input Current 
VIN = Voo 
-10 
+10 
fLA 
IlL 
Low Level Input Current 
VIN = 0 V 
-10 
+10 
fLA 
CIN 
Input Capacitance 
10 
pF 


LOGIC OUTPUTS 
VOH 
High Level Output Voltage 
IOH = 0.1 mA 
4.0 
V 


IOH = 0.5 mA 
2.4 
V 


VOL 
Low Level Output Voltage 
IOL = 1.6 mA 
0.4 
V 


loz 
High Z Leakage Current 
VIN = Voo 
-10 
+10 
fLA 
Coz 
High Z Output Capacitance 
10 
pF 


NOTES 
Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at T min' + 2SoC and Tmax' Results from 
those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 


(Tmin to Tma" Vee = +12 
V ± 5%, VEE = -12 
V ± 5%, Voo = +5 
V ± 10% unless 
otherwise indicated) 


AD779]/A/S 
AD779KJBfT 


Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


TEMPERATURE RANGE 
J, K Grades 
0 
+70 
0 
+70 
"C 
A, B Grades 
-40 
+85 
-40 
+85 
°C 


S, T Grades 
-55 
+125 
-55 
+125 
°C 


ACCURACY 
Resolution 
14 
14 
Bits 


Integral Nonlinearity (INL) 
±2 
±I 
±2 
LSB 
Differential Nonlinearity (DNL) 
14 
14 
Bits 


Unipolar Zero Error' (@ +25°C) 
0.08 
0.05 
0.07 
% FSR* 
Bipolar Zero Error' (@ + 25°C) 
0.08 
0.05 
0.07 
%FSR 
Gain Error" 
2 (@ +25°C) 
0.12 
0.09 
0.11 
% FSR 
Temperature Drift 
Unipolar Zero' 


J, K Grades 
0.04 
0.04 
0.05 
% FSR 
A, B Grades 
0.05 
0.05 
0.07 
% FSR 
S, T Grades 
0.09 
0.09 
0.10 
% FSR 
Bipolar Zero' 


J, K Grades 
0.02 
0.02 
0.04 
% FSR 
A, B Grades 
0.04 
0.04 
0.06 
% FSR 


S, T Grades 
0.08 
0.08 
0.09 
% FSR 
Gain' 


J, K Grades 
0.09 
0.09 
0.11 
%FSR 
A, B Grades 
0.10 
0.10 
0.16 
%FSR 


S, T GradeS 
0.20 
0.20 
0.25 
% FSR 
Gain' 


J, K Grades 
0.04 
0.04 
0.05 
% FSR 
A, B Grades 
0.05 
0.05 
0.07 
% FSR 
S, T Grades 
0.09 
0.09 
0.10 
% FSR 
ANALOG INPUT 
Input Ranges 
Unipolar Mode 
0 
+10 
0 
+10 
V 


Bipolar Mode 
-5 
+5 
-5 
+5 
V 


Input Resistance 
10 
10 
Mn 


Input Capacitance 
10 
10 
pF 
Input Settling Time 
1.5 
1.5 
•.•.s 
Aperture Delay 
10 
10 
ns 
Apenure Jitter 
150 
150 
ps 


INTERNAL VOLTAGE REFERENCE 
Output Voltage' 
4.98 
5.02 
4.98 
5.02 
V 


External Load 
Unipolar Mode 
+1.5 
+1.5 
mA 
Bipolar Mode 
+0.5 
+0.5 
mA 


POWER SUPPLIES 
Power Supply Rejection 


Vee=+12V±5% 
±6 
±6 
LSB 


VEE=-12V±5% 
±6 
±6 
LSB 


Voo = +5 V ± 10% 
±6 
±6 
LSB 
Operating Current 
Ice 
18 
20 
18 
20 
mA 


lEE 
25 
34 
25 
34 
mA 
100 
8 
12 
8 
12 
mA 
Power Consumption 
560 
745 
560 
745 
mW 


NOTES 


IAdjustable 
to zero. 
See Figures 
5 and 
6. 
2Includes 
internal 
voltage 
reference 
error. 
JIncludes 
internal 
voltage 
reference 
drift. 


4Excludes 
internal 
voltage 
reference 
drift. 


5With maximum 
external load applied. 
*% FSR = percent of full·scale range. 
Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at T min' 
+25°C and T max' Results from 
those 
tests 
are used 
to calculate 
outgoing 
quality 
levels. 
All min 
and 
max specifications 
are guaranteed, 
although 
only 
those 
shown 
in boldface 
are tested. 


Specifications 
subject 
to change 
without 
notice. 


• 


AD779 


TIMING SPECIFICATIONS 


(All device types Tmi. to Tmax' Vcc = +12 V ± 5%. 
VEE = -12 
V ± 5%, VDD = +5 V ± 10%) 


Parameter 
Symbol 
Min 
Max 
Units 


Conversion Rate' 
tCR 
7.8 
IlS 
Convert Pulse Width 
!cp 
97 
ns 


Aperture Delay 
tAD 
5 
20 
ns 
Conversion Time 
tc 
6.3 
IlS 


Status Delay 
tSD 
0 
400 
ns 
Access Time" 
3 
tBA 
10 
100 
ns 


10 
57' 
ns 


Float Delay' 
tFD 
10 
80 
ns 


Output Delay 
too 
0 
ns 


OE Delay 
tOE 
20 
ns 


Read Pulse Width 
tRP 
100 
ns 
Conversion Delay 
!co 
400 
ns 


NOTES 
IIncludes 
Acquisition 
Time. 


'Measured 
from 
the falling 
edge of OElEOCEN 
(0.8 
V) to the time 
at which 
the data 
lineslEOC 
cross 
2.0 V or 0.8 V. See Figure 
4. 


'COUT = 100 pF. 
'COUT 
~ SO pF. 


'Measured 
from 
the rising 
edge 
of OElEOCEN 
(2.0 
V) to the time 
at which 
the output 
voItage 
changes 
by 0.5 V. See Figure 
4; COUT = 10 pF. 


Specifications shown in boldface are tested at final electrical test with worst case supply voltages 
at T m,n) + 25°C, and T mu' 
Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed although only those in boldface are tested. 
Specifications subject to change without notice. 
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I 
HOLD 
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I 
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CONTENT 
OF 
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I 
I 
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NOTES 
lEOCEN = LOW. 
'DATA 
SHOULD 
NOT 
BE ENABLED 
DURING 
A CONVERSION. 
TEST 
VCP 
COUT 


ACCESS 
TIME 
HIGH 
Z TO 
LOGIC 
LOW 
5 V 
100 
pF 
flOAT 
TIME 
LOGIC 
HIGH 
TO 
HIGH 
Z 
o V 
10 
pF 
ACCESS 
TIME 
HIGH 
Z TO 
LOGIC 
HIGH 
o V 
100 
pF 


FLOAT 
TIME 
LOGIC 
LOW 
TO HIGH 
Z 
5 V 
10 pF 


With 
Respect 
Specification 
To 
Min 
Max 
Units 


Vcc 
AGND 
-0.3 
+18 
V 
VEE 
AGND 
-18 
+0.3 
V 
Vcc 
VEE 
-0.3 
+26.4 
V 
Voo 
DGND 
0 
+7 
V 
AGND 
DGND 
-I 
+1 
V 
AIN, REF1N 
AGND 
VEE 
Vcc 
V 
Digital Inputs 
DGND 
-0.5 
+7 
V 
Digital Outputs 
DGND 
-0.5 
Voo +0.3 
V 
Max Junction 
Temperature 
175 
°C 
Operating Temperature 
J and K Grades 
0 
+70 
°C 
A and B Grades 
-40 
+85 
°C 
Sand 
T Grades 
-55 
+ 125 
°C 
Storage Temperature 
-65 
+150 
°C 
Lead Temperature 


(10 sec max) 
+300 
°C 


*Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the device. 
This 
is a stress 
rating 
only 
and functional 
operation 
of the 
device 
at these 
or any other 
conditions 
above 
those 
indi- 
cated 
in the operational 
sections 
of this specification 
is not implied. 
Expo- 


sure to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device reliability. 
• 


ESD SENSITIVITY 
The 
AD779 
features 
input 
protection 
circuitry 
consisting 
of large 
"distributed" 
diodes 
and 
polysilicon series resistors to dissipate both high energy discharges (Human 
Body Model) and fast, 


low energy pulses (Charged 
Device Model). 
Per Method 
3015.2 of MIL-STD-883C, 
the AD779 
has been classified as a Category I device. 


Proper 
ESD precautions 
are strongly 
recommended 
to avoid functional 
damage or performance 
degradation. 
Charges as high as 4000 volts readily accumulate on the human body and test equip- 


ment 
and discharge 
without 
detection. 
Unused 
devices must 
be stored 
in conductive 
foam or 


shunts, 
and the foam should be discharged 
to the destination 
socket before devices are removed. 


For further information on ESD precautions, 
refer to Analog Devices' ESD Prevention Manual. 


Temperature 
Tested 
and 
Package 
Model2 
Package 
Range 
Specified 
Option' 


AD779JN 
28-Pin Plastic DIP 
o to +70°C 
AC 
N-28A 
AD779KN 
28-Pin Plastic DIP 
o to +70°C 
AC + DC 
N-28A 
AD779JD 
28-Pin Ceramic DIP 
o to +70°C 
AC 
D-28A 
AD779KD 
28-Pin Ceramic DIP 
o to +70°C 
AC + DC 
D-28A 
AD779AD 
28-Pin Ceramic DIP 
-40°C to +85°C 
AC 
D-28A 
AD779BD 
28-Pin Ceramic DIP 
-40°C to + 85°C 
AC + DC 
D-28A 
AD779AJ 
44-Lead Cerantic JLCC 
-40°C to + 85°C 
AC 
J-44 
AD779BJ 
44-Lead Cerantic JLCC 
-40°C to +85°C 
AC + DC 
J-44 
AD779SD 
28-Pin Ceramic DIP 
- 55°C to + 125°C 
AC 
D-28A 
AD779TD 
28-Pin Ceramic DIP 
- 55°C to + 125°C 
AC + DC 
D-28A 
AD779SJ 
44-Lead Ceramic JLCC 
- 55°C to + 125°C 
AC 
J-44 
AD779TJ 
44-Lead Ceramic JLCC 
- 55°C to + 125°C 
AC + DC 
J-44 


NOTES 
IFor two cycle 
read (8+ 16 bits) interface 
to 8-bit buses, 
see AD679. 


2For details 
on grade and package 
offerings 
screened 
in accordance 
with MIL-STD-883, 


refer to the Analog 
Devices 
Military 
Prooucts 
Databook 
or current 
AD779/883B 
data sheet. 


3D = Ceramic 
DIP; 
J ::: J·Leaded 
Ceramic; 
N 
::: Plastic 
DIP. 
For outline 
information 
see Package 


Information 
section. 


28·Pin DIP 
44-Lead JLCC 


Symbol 
Pin No. 
Pin No. 
Type 
Name and Function 


AGND 
7 
II 
P 
Analog Ground. This is the ground return for AIN only. 


AIN 
6 
10 
AI 
Analog Signal Input. 


BIPOFF 
10 
IS 
AI 
Bipolar Offset. Connect to AGND for + 10 V input unipolar mode and straight 
binary output coding. Connect to REFoUT 
for ±5 V input bipolar mode 
and twos-complement 
binary output coding. 


CS 
12 
19 
DI 
Chip Select. Active LOW. 


DGND 
14 
23 
P 
Digital Ground 


DB 13-DBO 
28-15 
43, 42, 40, 39, 37, 
DO 
Data Bits. These pins provide all 14 bits in one 14 bit parallel output. 


36, 35, 34, 33, 31, 
Active HIGH 
30, 27, 26, 25 


EOC 
2 
3 
DO 
End-of-Convert. 
EOC goes LOW when a conversion starts and goes HIGH 
when the conversion is finished. EOC is a three-state output. 
See EOCEN 
pin for information on EOC gating. 


EOCEN 
13 
21 
DI 
End-of-Convert Enable. Enables EOC pin. Active LOW. 


OE 
3 
5 
DI 
Output Enable. A down-going transition on OE enables data bits. Active LOW. 


REFIN 
9 
14 
AI 
Reference Input. 
+5 V input gives 10 V full scale range. 


REFouT 
8 
12 
AO 
+5 V Reference Output. 
Tied to REFIN 
for normal operation. 


SC 
4 
6 
DI 
Start Convert. Active LOW. 


Vcc 
II 
17 
P 
+ 12 V Analog Power. 


VEE 
5 
8 
P 
-12 
V Analog Power. 


Voo 
I 
I 
P 
+5 V Digital Power. 


Type: AI = Analog Input. 


AO ~ Analog Output. 
DI = Digital Input. 
DO = Digital Output. All DO pins are three·state drivers. 
P = Power. 


JLCC Package 
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NC = NO CONNECT 


Definition of Specifications - AD779 


NYQUIST 
FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
Frequency" 
of a converter is that input frequency which is one- 
half the sampling frequency of the converter. 


SIGNAL·TO·NOISE 
AND DISTORTION 
(SIN+D) 
RATIO 
SIN + D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding de. 


TOTAL 
HARMONIC 
DISTORTION 
(THD) 
THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of a full-scale input signal and is 
expressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 


PEAK SPURIOUS 
OR PEAK HARMONIC 
COMPONENT 
The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and de. This 
value is expressed in decibels relative to the rms value of a full- 
scale input signal. 


INTERMODULATION 
DISTORTION 
(IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m + n), at sum and difference frequencies of mfa ± 
nfb, where m, n = 0, I, 2, 3 . . . Intermodulation 
terms are 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa - fb) and the third 
order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and (fa - 
2 fb). The IMD products are expressed as the decibel ratio of 
the rms sum of the measured input signals to the rms sum of 
the distortion terms. The two signals applied to the converter 
are of equal amplitude and the peak value of their sum is 
-0.5 
dB from full scale (9.44 V p-p). The IMD products are 
normalized to a O-dB input signal. 


BANDWIDTH 
The full-power bandwidth 
is that input frequency at which the 
amplitude of the reconstructed 
fundamental 
is reduced by 3 dB 
for a full-scale input. 


The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-amplifier 
(SHA) is reached. 


At this point, the amplitude of the reconstructed 
fundamental 
has degraded by less than -0.1 
dB. Beyond this frequency, dis- 


tortion of the sampled input signal increases significantly. 


The AD779 has been designed to optimize input bandwidth, 
allowing it to undersample 
input signals with frequencies signifi- 


cantly above the converter's Nyquist frequency. 


APERTURE 
DELAY 
Aperture delay is a measure of the SHA's performance and is 
measured from the falling edge of Start Convert (SC) to when 
the input signal is held for conversion. 


APERTURE 
JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the AiD. 


INPUT 
SETTLING 
TIME 
Settling time is a function of the SHA's ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 
• 


DIFFERENTIAL 
NONLINEARITY 
(DNL) 
In an ideal ADC, code transitions are I LSB apart. Differential 
linearity is the deviation from this ideal value. It is often speci- 
fied in terms of resolution for which no missing codes (NMC) 
are guaranteed. 


INTEGRAL 
NONLINEARITY 
(INL) 
The ideal transfer function for a linear ADC is a straight line 
drawn between "zero" and "full scale." The point used as 
"zero" occurs 1/2 LSB before the first code transition. 
"Full 
scale" is defined as a level I 1/2 LSB beyond the last code tran- 
sition. Integral nonlinearity error is the worst case deviation of a 
code from the straight line. The deviation of each code is mea- 
sured from the middle of that code. 


Note that the linearity error is not user adjustable. 


POWER SUPPLY 
REJECTION 
Variations in power supply will affect the full-scale transition, 
but not the converter's linearity. Power Supply Rejection is the 
maximum change in the full-scale transition point due to a 
change in power supply voltage from the nominal value. 


TEMPERATURE 
DRIFT 
This is the maximum change in the parameter from the initial 
value (@+25°C) to the value at T m;n or T max' 


UNIPOLAR 
ZERO ERROR 
In unipolar mode, the first transition should occur at a level 
1/2 LSB above analog ground. Unipolar zero error is the devia- 
tion of the actual transition from that point. This error can be 
adjusted as discussed in the Input Connections and Calibration 
section. 


BIPOLAR ZERO ERROR 
In the bipolar mode, the major carry transition (II 
1111 1111 
IIII 
to 00 0000 0000 0000 ) should occur at an analog value 1/2 


LSB below analog ground. Bipolar zero error is the deviation of 
the actual transition from that point. This error can be adjusted 
as discussed in the Input Connections and Calibration section. 


GAIN ERROR 
The last transition should occur at an analog value I 1/2 LSB 
below the nominal full scale (9.9991 volts for a 0-10 V range, 
4.9991 volts for a ±5 V range). The gain error is the deviation 
of the actual level at the last transition from the ideal level with 
the zero error trimmed out. This error can be adjusted as shown 
in the Input Connections and Calibration section. 


bringing SC LOW, regardless of the state of CS. 


After a conversion is started, the sample-hold goes into hold 
mode and EOC goes LOW, signifying that a conversion is in 
progress. During the conversion, the sample-hold will go back 
into track mode and start acquiring the next sample. 


In track mode, the sample-hold will settle to ±0.003% (14 bits) 
in 1.5 fJ-S maximum. The acquisition time does not affect the 
throughput 
rate as the AD779 goes back into track mode more 
than 2 fJ-S before the next conversion. In multichannel 
systems, 


the input channel can be switched as soon as EOC goes LOW if 
the maximum throughput 
rate is needed. 


When EOC goes HIGH, the conversion is completed and the 
output data may be read. Bringing OE LOW makes the output 
register contents available on the output data bits (DBI3-DBO). 
A period of time teo is required after OE is brought HIGH be- 
fore the next SC instruction is issued. 


If SC is held LOW, conversion accuracy may deteriorate. 
For 


this reason, SC should not be held low in any attempt to operate 
in a continuously converting mode. 


END-OF-CONVERT 
End-of-Convert 
(EOC) is a three-state output which is enabled 
by End-of-Convert 
Enable EOCEN. 


r ------ 
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---r-- 
"~_I 
__ 
&& 
__ 
a_ 


be LOW toE before OE is brought LOW. The output is read in 
a single cycle as a 14-bit word. 


In unipolar mode (BIPOFF 
tied to AGND), the output coding 


is straight binary. In bipolar mode (BIPOFF 
tied to REFoUT), 


output coding is twos complement binary. 


POWER·UP 
The AD779 typically requires 10 fJ-S after power-up to reset in- 
ternallogic. 


Unipolar Coding 
Bipolar Coding 


(Straight Binary) 
(Twos Complement) 


V1N 
Output Code 
V1N 
Output Code 


0.00000 V 
000 ... 
0 
-5.00000 
V 
100 ... 
0 
5.00000 V 
100 ... 
0 
-0.00061 
V 
III 
... 
1 
9.99939 V 
111 ... 
1 
0.00000 V 
000 ... 
0 


+2.50000 V 
010 ... 
0 


+4.99939 V 
011 ... 
I 


INPUTS 
OUTPUTS 


Mode 
- 
EOCEN 
CS 
OE 
EOC 
Status 
SC 
DBB 
... 
DBO 


Starr Conversion 
I 
X 
X 
X 
No Conversion 
1. 
X 
X 
X 
Start Conversion 
0 
X 
X 
X 
Continuous Conversion (Not Recommended) 


Conversion Status 
X 
0 
X 
X 
0 
Converting 
X 
0 
X 
X 
1 
Not Converting 
X 
I 
X 
X 
High Z 
Either 


Data Access 
X 
X 
X 
1 
HighZ 
Three-State 
X 
X 
1 
X 
High Z 
Three-State 
X 
X 
0 
0 
MSB ... 
LSB 
Data Out 


NOTES 
1 = HIGH voltage level. 
o ~ LOW voltage level. 
X = Don't care. 
t. = HIGH to LOW transition.Muststay LOW for 1 ~ tep. 


INPUT CONNECTIONS 
AND CALIBRATION 
The high (10 MO) input impedance of the AD779 eases the 
task of interfacing to high source impedances or multiplexer 
channel-to-channel 
mismatches of up to 300 O. The 10 V p-p 
full scale input range accepts the majority of signal voltages 
without the need for voltage divider networks which could 
deteriorate the accuracy of the ADC. 


The AD779 is factory trimmed to minimize offset, gain and lin- 
earity errors. In unipolar mode, the only external component 
that is required is a 50 0 ± 1% resistor. Two resistors are re- 
quired in bipolar mode. If offset and gain are not critical, 
even these components can be eliminated. 


In some applications, offset and gain errors need to be more 
precisely trimmed. The following sections describe the correct 
procedure for these various situations. 


BIPOLAR RANGE INPUTS 
The connections for the bipolar mode are shown in Figure 5. In 
this mode, data output coding will be twos complement binary. 
This circuit will allow approximately 
±25 mV of offset trim 
range (±40 LSB) and ±0.5% of gain trim range (±80 LSB). 


Figure 
5. Bipolar 
Input 
Connections 
with 
Gain and 
Offset 
Trims 


Either or both of the trim pots can be replaced with 50 0 ± 1% 
fixed resistors if the AD779 accuracy limits are sufficient for the 
application. If the pins are shorted together, the additional offset 
and gain errors will be approximately 
80 LSB. 


To trim bipolar zero to its nominal value, apply a signal 1/2 LSB 
below midrange (-0.305 
mV for a ±5 V range) and adjust Rl 
until the major carry transition is located (11 1111 1111 1111 to 
00 0000 0000 0000). To trim the gain, apply a signal 1 1/2 LSB 
below full scale (+4.9991 
V for a ±5 V range) and adjust R2 to 
give the last positive transition (01 1111 1111 1110 to 01 1111 
1111 1111). These trims are interactive so several iterations may 
be necessary for convergence. 


A single pass calibration can be done by substituting 
a bipolar 
offset trim (error at minus full scale) for the bipolar zero trim 
(error at midscale), using the same circuit. First, apply a signal 
1/2 LSB above minus full scale (-4.9997 
V for a ± 5 V range) 


and adjust R 1 until the minus full scale transition is located 
(10 0000 0000 0000 to 10 000 000 0001). Then perform the gain 
error trim as outlined above. 


UNIPOLAR RANGE INPUTS 
Offset and gain errors can be trimmed out by using the configu- 
ration shown in Figure 6. This circuit allows approximately 
±25 mV of offset trim range (±40 LSB) and ±0.5% of gain 
trim range (±80 LSB). 
• 


Figure 
6. Unipolar 
Input 
Connections 
with 
Gain and 
Offset 
Trims 


The first transition (from 00 0000 0000 0000 to 00 0000 0000 
0001) should nominally occur for an input level of + 1/2 LSB 
(0.305 mV above ground for a 10 V range). To trim unipolar 
zero to this nominal value, apply a 0.305 mV signal to AIN and 
adjust Rl until the first transition is located. 


The gain trim is done by adjusting R2. If the nominal value is 
required, 
apply a signal 1 1/2 LSB below full scale (9.9997 V for 
a 10 V range) and adjust R2 until the last transition is located 
(11 1111 1111 1110 to 11 1111 1111 1111). 


If offset adjustment is not required, BIPOFF 
should be con- 
nected directly to AGND. If gain adjustment is not required, 
R2 should be replaced with a fixed 50 n ± 1% metal fl1m resis- 
tor. If REFouT 
is connected directly to REF1N, the additional 
gain error will be approximately 
1%. 


REFERENCE DECOUPLING 
It is recommended 
that a 10 IJ.Ftantalum capacitor be con- 
nected between REFIN 
(Pin 9) and ground. This has the effect 
of improving the SIN + D ratio through filtering possible broad- 
band noise contributions 
from the voltage reference. 


BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
A 1.22 mA current through a 0.5 0 trace will develop a voltage 
drop of 0.6 mY, which is I LSB at the 14-bit level for a 10 V 
full scale span. In addition to ground drops, inductive and ca- 
pacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig- 
nals. Finally, power supplies need to be decoupled in order to 
filter out ac noise. 


Analog and digital signals should not share a common path. 
Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom- 
mended to provide low impedance signal paths. Separate analog 
and digital ground planes are also desirable, with a single inter- 
connection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 


The AD779 incorporates several features to help the user's lay- 
out. Analog pins (VEE, AIN, AGND, REFoUT' 
REF1N, BI- 
POFF, 
Veel are adjacent to help isolate analog from digital 
signals. In addition, the 10 MO input impedance of AIN mini- 
mizes input trace impedance errors. Finally, ground currents 
have been minimized by careful circuit design. Current through 
AGND is 200 •.•.A, with no code dependent variation. The cur- 
rent through DGND is dominated by the return current for 
DB13-DBO and EOC. 


SUPPLY DECOUPLING 
The AD779 power supplies should be well filtered, well regu- 
lated, and free from high frequency noise. Switching power sup- 
plies are not recommended 
due to their tendency to generate 
spikes which can induce noise in the analog system. 


Decoupling capacitors should be used as close as possible to all 
power supply pins. A 10 •.•.F tantalum capacitor in parallel with 
a 0.1 •.•.F ceramic capacitor provides adequate decoupling. 


An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD779, associated analog input circuitry and interconnec- 
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD779 will isolate large switching 
ground currents. 
For these reasons, the use of wire wrap circuit 
construction 
is not recommended; 
careful printed circuit con- 
struction is preferred. 


GROUNDING 
If a single AD779 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD779. If multiple AD779s are used or the AD779 shares ana- 
log supplies with other components, 
connect the analog and dig- 
ital returns together once at the power supplies rather than at 
each chip. This prevents large ground loops which inductively 
couple noise and allow digital currents to flow through the ana- 
log system. 


USE OF EXTERNAL 
VOLTAGE REFERENCE 
The AD779 features an on-chip voltage reference. For improved 
gain accuracy over temperature, 
a high performance external 
voltage reference may be used in place of the on-chip reference. 


The AD586 and AD588 are popular references appropriate 
for 
use with high resolution converters. The AD586 is a low cost 
reference which utilizes a buried Zener architecture 
to provide 
low noise and drift. The AD588 is a higher performance refer- 
ence which uses a proprietary 
ion-implanted 
buried Zener diode 
in conjunction with laser-trimmed 
thin-film resistors for low off- 
set and low drift. 


Figure 7 shows the use of the AD586 with the AD779 in a bipo- 
lar input mode. Over the 0 to +70°C range, the AD586 L-grade 
exhibits less than a 2.25 mV output change from its initial value 
at 25°C. REFIN (Pin 9) scales its input by a factor of two; thus, 
this change becomes effectively 4.5 mY. When applied to the 
AD779, this results in a total gain drift of 0.09% FSR which is 
an improvement 
over the on-chip reference performance of 
0.11% FSR. A noise-reduction 
capacitor, CN' has been shown. 


This capacitor reduces the broadband noise of the AD586 out- 
put, thereby optimizing the overall ac and dc performance of the 
AD779. 


Figure 8 shows the AD779 in unipolar input mode with the 
AD588 reference. The AD588 output is accurate to 0.65 mV 
from its value at 25°C over the 0 to 70°C range. This results in a 
0.06% FSR total gain drift for the AD779, which is a substantial 
improvement over the on-chip reference performance of 0.11 % 
FSR. A noise-reduction 
network on Pins 4, 6 and 7 has been 
shown. The I •.•.F capacitors form low pass filters with the inter- 
nal resistance of the AD588 Zener and amplifier cells and exter- 
nal resistance. This reduces the high frequency noise of the 
AD588, providing optimum ac and dc performance of the 
AD779. 


l00kO 
OFFSET 
ADJUST 


INTERFACING 
THE AD779 TO MICROPROCESSORS 
The I/O capabilities of the AD779 allow direct interfacing to 
general purpose and DSP microprocessor buses. The asynchro- 
nous conversion control feature allows complete flexibility and 
control with minimal external hardware. 


The following examples illustrate typical AD779 interface 
configurations. 


Ul 
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space. AD779 conversions are initiated by issuing an OUT in- 
struction to Port I. EOC status and the conversion result are 
read in with an IN instruction to Port I. A single wait state is 
inserted by generating the processor READY input from IS, 
Port I and MSC. This configuration supports processor clock 
speeds of 20 MHz and is capable of supporting processor clock 
speeds of 40 MHz if a NOP instruction follows each AD779 
read instruction. 


AD779 TO 80186 
Figure 10 shows the AD779 interfaced to the 80186 micropro- 
cessor. This interface allows the 80186's built-in DMA control- 
ler to transfer the AD779 output into a RAM based FIFO 
buffer of any length, with no microprocessor intervention. 


AD779 TO Z80 
The AD779 can be interfaced to the Z80 processor in an I/O or 
memory mapped configuration. 
Figure II illustrates an I/O con- 


figuration, where the AD779 occupies several port addresses to 
allow separate polling of the EOC status and reading of the data. 
A useful feature of the Z80 is that a single wait state is automat- 
ically inserted during I/O operations, allowing the AD779 to be 
used with Z80 processors having clock speeds up to 8 MHz. 


tlated by an external tngger source independent 
of the micro- 
processor clock. After each conversion, the AD779 EOC signal 
generates a DMA request to Channel I (DRQI). 
The subse- 
quent DMA READ resets the interrupt 
latch. The system de- 
signer must assign a sufficient priority to the DMA channel to 
ensure that the DMA request will be serviced before the com- 
pletion of the next conversion. This configuration can be used 
with 6 MHz and 8 MHz 80186 processors. 
• 


AD779 TO ANALOG DEVICES ADSP-2100A 
Figure 12 demonstrates the AD779 interfaced to an ADSP- 
2100A. With a clock frequency of 12.5 MHz, and instruction 
execution in one 80 ns cycle, the digital signal processor will 
support the AD779 data memory interface with two wait states. 


The converter runs asychronously using a sampling clock. The 
EOC output to the AD779 gets asserted at the end of each con- 
version and causes an interrupt. 
Upon interrupt, 
the ADSP- 
2100A starts a data memory read by providing an address on the 
DMA bus. The decoded address generates OE for the converter. 
OE, together with logic and latch, is used to force the ADSP- 
2100A into a one cycle wait state by generating DMACK. 
The 
read operation is thus started and completed within two proces- 
sor cycles (160 ns). 
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Figure 
16. 5-Plot 
Averaged 
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FFT at 
128 kSPS, 
f'N = 10.009 
kHz 
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Figure 
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FEATURES 
Low Nonlinearity: 
Integral: ±0.OO1% 
Differential: 
±0.00035% 
Microcomputer-Based Design 
Programmable Integration Time: 1 to 350ms 
with Resolution from 7 to 18 Bits 
Programmable Output Data Format 
Auto-Zeroed Operation and Electronic Calibration 
(No External Trim Potentiometers) 
Microprocessor Compatible Interface 
High Throughput: Over 50 Conversions/Second 
for Une Cycle Integration Period 
High Normal Mode Rejection: 54dB at 60Hz 
Small Size: 1.24" x 2.5" x 0.55" max 


APPUCATIONS 
Data Acquisition Systems 
Scientific Instruments 
Medical Instruments 
Weighing Systems 
Automatic Test Equipment 


GENERAL DESCRIPTION 
The AD 1170 is a high resolution integrating 
AID converter 
intended for applications requiring high accuracy and high 
throughput 
at low cost. A novel conversion architecture 
provides 
the user with outstanding 
accuracy, stability and ease of use. 


The AD1I70 is a complete microcomputer-based 
measurement 
subsystem, composed of three major elements: a highly precise 
charge balancing converter, 
a single chip microcomputer, 
and a 
custom CMOS controller chip. The AD 1170 offers independently 
programmable 
integration 
time (from one millisecond to 350 
milliseconds) and data format (offset binary or two's complement, 
from 7 to 22 bits). The converter is fully auto-zeroed and exhibits 
a span drift of only 9ppml"C, assuring stable, accurate readings. 


The AD1I70 may be interfaced to any microcomputer 
based 
system in a memory mapped or I/O mapped fashion via an 8-bit 
data bus. The AD1l70's 
advanced features are controlled by 
simple commands sent to it via this bus. 


The converter utilizes surface mount technology and is housed 
in a small 1.24" x 2.5" x 0.55" package. It operates from ± 15V dc 
and + 5V dc power. 


High Resolution, Programmable 
Integrating AID Converter 


ADl170 
I• 


PRODUCT 
HIGHLIGHTS 
1. The AD 1170, unlike dual slope converters, 
offers the user 
the capability of programming 
the integration time by selecting 
one of seven preset integration periods or by loading an 
arbitrary integration 
period over the interface bus. 


2. The AD1I70 architecture 
provides for user programmable 
data format independent 
of the integration 
time. All data is 
computed to 22-bit resolution and the user may specify any 
resolution from 7 to 22 bits. Usable resolution will typically 
be limited to 18-bits due to measurement 
and calibration 
noise error. 


3. Electronic digital calibration eliminates the need for trim 
potentiometers. 
Calibration can be performed 
at any time by 
applying an external reference voltage to the input and invoking 
a calibration command. 
The calibration data is stored in an 
internal nonvolatile memory chip. 


4. Internal calibration cycles may be programmed 
to occur 
whenever the converter is idle, assuring negligible offset drift 
and only 9ppml"C span drift. 


5. The conversion rate is greater than 50 conversions per second 
when programmed 
for 60Hz line cycle integration. 
The 
maximum conversion rate is greater than 250 conversions per 
second, using a one millisecond integration 
period. 


ADl170-SPECIFICATIONS 


Model 
MiD 
Typ 
Max 
Units 


RESOLUTION' 
7 
18 
Bits 


ACCURACY 
Intqral 
Nonlinearit 
:0.001 
% SPAN 


THROUGHPUT 
RATE' 


Time (Integrate) = Ims 
250 
conv/S 


Time (Integratc:) = 16.667ms 
50 
conv/S 


Time (Integrate) 
= lOOms 
9 
conv/S 


DIFFERENTIAL 
NONLINEARITY 
T(int) 
@ 
T(eal) 


1m. 
10m. 
:0.01 
% SPAN 
16.667ms 
lOOms 
:0.0008 
% SPAN 
300m. 
300m. 
:0.00035 
% SPAN 


STABILITY 


Span 
:9 
ppmSPANrc 


POWER 
SUPPLY REJECTION 
RATIO 


(Span Error 
VS. Analog 


Supply Voltage) 
60 
ppm ofReadingN 


INPUT 
CHARACTERISTICS 


Analoglnpul 
Range 


de 
-5 
+5 
V 


de Plus Normal-Mode 
Voltage 
-6 
+6 
V 
Absolute Maximum 


(Without 
Damage) 
-30 
+30 
V 


Normal-Mode 
Rejection 


@6OHz 
54 
dB 


@50Hz 
60 
dB 
Input Bias Current 
10 
nA 


Input Impedance: 
100 
Mil 


REFERENCE 
Output Voltage 
Vde 
Output Current 
mA 


Input Range 
4.5 
5.5 
Vde 


DIGITAL 
LEVELS 
Inputs 


Low 
0.8 
V 


High 
2.0 
V 
Outputs 
Low(@4mA) 
0.45 
V 


High(@loojLA) 
2.4 
V 


WARMUP 
TIME 
to 60ppm SPAN 
5 
min 


10 20ppm SPAN 
15 
min 


POWER 
REQUIREMENTS 


+ Vsand 
- Vs 
9 
15 
18 
V 
+Vn 
4.75 
5 
5.25 
V 
Supply Current 
Drain 


@:15V 
12 
mA 


@+5V 
110 
mA 


TEMPERATURE 
RANGE 
Rated Performance 
0 
+70 
-c 


Storage 
-25 
+85 
-c 


SIZE 
1.24" x 2.5"' x 0.55"max(31.4 
x 63.5 x 14.0)mm 


NOTES 
IThe usable rnoIUIKln is limited by noise, whach illarJely 
determined 
by the inlqntion 
period 


and calibration 
period. Consult 
IMChan 
in F~ 
4 for typical peak-to-peak 
noise venus 
inlqnllion 
and calibn.taon 
period. 
'The 
intCJrallinc:llrity 
isddined 
U IhcdcviarJon 
from I ItnUlhlline: 
drawn betwttn 
the 
cndpointsollheconve1'1cr. 
This spccirKation 
is indcpe:nde:nl of pin 
and/or olfSCl error'S. 


Jorhroulhput 
Rate is calculated 
by lhe fonnula: 
T(inl) 
+ l:iIIisecondS 
= minimum 
conversions/second 


Where T(int) is expressed 
in number 
of milliseconds. 


SpecifICations 
subic<:t tochanae 
wilhoutllOlice. 


OUTLINE 
DIMENSIONS 


Dimensions 
shown 
in inches 
and (mm). 
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BonOMVIEW 


DESCRIPTK>N 
Digital Pow.r 
Supply 


Addr •• s Controt Un •• 


Rnd 
Data Strobe 


Wrk. 
D.ta Strobe 


Chi 
S.lect 


Wh.n Low, Indicates 
o.vk. 
Busy 
Wh.n Hlgh,lndicat.s 
o. •••k. 
R.K1y lor Command 


DTA ROY 
When Hlgh,lndicat 
•• That Data From Most Rec.nt 


COn••••rsion Command 
is R.K1y 


Wh.n High,lndicates 
Device is Current1ylntqrating 
Input Signal. Goes Lowto Indkat.lntqraUon 
Complet. 


Ext.rnal 
Un. Sample Input. UHdwith 
ELS Command 
to Sense .n Extern.11y Pro •••ided SanlpM olthe 
Une Frequ.ncy 


PWR UP 
Wh.n High.lndicat.s 
Pow.r 
Up Inkiallzatlon 


in Progr •• s 


Neg.tl ••••Analog Pow.r 
Supply 


Positl ••••An.log 
Power Supply 


Analog Common: 
the Refer.nce 
Point for Analog 


Pow.r 
Supplies 


Positi ••••Signal Input 


Nagativ. 
Signelinput 


Intamal 
+ 5V Ref••.ence Output 


Ref••.• nce Input; Norm.lly 
Connected 
to Ref Out 


Digital Common; 
the Ref.r.nce 
Point lorth. 


DlgitalPow.rSupply 


Ext.rnal 
Con ••••rt Comm.nd 
Input 


R••• t Input; Usu.lIyConnected 
to.n 
RC N.twork 


tor Autom.tic 
Reset Upon Power Up 
XTALOUT, 
Connaetions 
lor 12MHz Cr(stal (SeriM Resonant. 


XTALIN 
30n ESRI. Altemathoefy. 
Xtal In May Be Driven 


F~a•••• " E>r1;_ •• 12 •••.b~Siog" 
•• 


Bidiraetlonal 
Oat. Bus 


SIGNAL 


+5V 


AO.A1 
iiD 
WR 
CO 


BUSY 


-15V 


+15V 


ANA COM 


,'N 
-IN 


REF OUT 


REF IN 


DIG COM 


...... 


•,9,13, 
15,22,24 
25,27 
2t 


READ CYCLE TIMING 
REQUIREMENTS 
WRITE CYCLE TIMING 
REQUIREMENTS 


PARAMETER 
DESCRIPTION 
MIN 
TVP 
MAX 
UNITS 
PARAMETER 
DESCRIPTION 
MIN 
TVP 
t" 
RD Pulse Width 
'50 
•... 
WRPulseWktth 
0.10 


teSRL 
ChipSelecttoRDLow 
0 
•...... 
Chip Select 
to WR Low 
0 
"'" 
Chip Select 
Hold Time 
0 
"'"' 
Chip Select 
Hold TIme 
0 
t•• 
Address 
Setup 
Time 
10 
t•• 
Address 
Setup 
Time 
10 
t., 
Address 
Hold Time 
0 
t., 
Addr.ss 
Hold TIme 
0 
to.v 
Data Valid Time 
100 
... 
oete 
Setup 
Time 
80 
t." 
Data Hold Time 
80 
t.". 
oete 
Hold Time 
20 


parameters 
as programme<! by the user tsuch as the mtegrauon 
period, output data format, calibration coefficient, etc.). The 
AD 1170 is calibrated at the factory with the following default 
settings: 


FORMAT: 
16-bit, offset binary 
DEFAULT 
T(int): 
16.667 mi1liseconds 
(code 2) 
DEFAULT 
T(cal): 
100 mi1liseconds 
(code 4) 


AD1l70 
ARCIUTECTURAL 
OVERVIEW 
The AD1170 is a complete microcomputer-based 
measurement 
subsystem, 
containing three major elements: a highly precise 
charge balancing converter, 
a single chip microcomputer, 
and a 
custom CMOS controller chip. 


The heart of the measurement 
technique is the charge balancing 
converter (essentially a voltage to frequency converter). This 
converter measures the input signal by balancing a proportional 
current against a train of precisely controlled reference current 
pulses using an integrator. 
The microprocessor, 
together with 
the counting and gating circuitry within the CMOS controller 
chip, measures the period of the reference current pulses by 
interpolating 
them using a 12MHz clock signal. The resulting 


Ro 
t=1 
_ 
r-"""-l 
r-"'''--1 
cs ~ 
-----,r 
___ 
~ 
t.. I- 
-.I t., I: 


AO,A' 
__ 
~X 
I 
I X ===== 
to.v -.j 
~ 
-.j t.. r 


00-07 
(~ 
--J)"'---- 


When the AD1170 is triggered to perfOrtD a conversion, two 
separate phases are perfOrtDed: first, an integration 
phase, where 
the input signal is aetua11y measured, 
and then a computation 
phase, where the data from the integration 
phase is processed, 
along with both the volatile and nonvolatile calibration data, and 
formatted 
for output as the user desires. 


The duration of the integration 
phase can be programmed 
by 
• 
the user, and may be as short as one mi1lisecond, or as long as 
350 mi1liseconds. The computation 
phase always lasts approxi- 
mately three milliseconds and commences immediately after the 
integration 
phase is over. Therefore, 
the total conversion time 
will equal the user programmed 
integrate time plus a fIXed 3 
mi1liseconds. Status signals are provided to indicate when the 
data is ready and when the converter may be retriggered for the 
next conversion. 


For maximum stability, the AD 1170 periodically calibrates itself 
by perfortning 
measurements 
upon a zero input signal and a 
full-scale signal provided by the internal reference. This technique 
cancels any drift within the charge balancing converter itself, 
resulting in negligible offset drift, and gain stability equal to 
that of the reference. Calibration cycles may be programmed 
to 
take place whenever the AD1170 is idle, or they may be invoked 
under system control. 
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The AD1170 contains no internal trims; its span accuracy is 
factory calibrated by using the ECAL (Electronic CALibration) 
feature. This feature is a firmware routine which measures an 
externally applied reference voltage, compares it to the internal 
reference voltage, and computes a span correction factor which 
is stored in nonvolatile memory. The correction factor is then 
applied to all subsequent 
measurements, 
thereby compensating 
for the reference error. The ECAL function may be invoked by 
the user at any time, thereby replacing the usual trim potentiometer 
with a totally electronic calibration capability. 


UNDERSTANDING 
THE AD1l70 
SPECIFICATIONS 
The AD1170, because of its unique conversion technique, 
is 
specified quite differently from more conventional integrating 
conveners. 
The following sections will help the user to understand 
where the sources of error are, and how to extract the best 
possible performance 
from the convener. 


There are two primary sources of error in the AD 1170: integral 
nonlinearity of the charge balancing convener, 
which influences 
all conversions equally, regardless of the integration period and 
calibration period; and the noise error of the measurement/cali- 
bration process, which is a function of the integration 
period 
and calibration period as selected by the user. 


INTEGRAL 
NONLINEARITY 
The integral nonlinearity 
of the charge balancing convener 
(CBC) is ± lOppm (±O.OOl%) of Span. This specification is an 
"endpoint" 
nonlinearity 
measurement; 
i.e., the typical deviation 
seen from a straight line drawn between the CBC output at - 5 
volts and its output at + 5 volts. This specification excludes any 
gain or offset error. 


If the convener 
was externally calibrated at its end points ( - 5 
volts and + 5 volts), then the integral nonlinearity would also be 
the relative accuracy of the convener. 
This is not the case in the 
AD 1170, however, because calibration is performed 
internally at 
o and + 5 volts, rather than - 5 and + 5 volts. This calibration 
technique, 
superimposed 
upon the integral nonlinearity 
of the 
CBC, results in the curve shown in Figure 2. 


Figure 2. Relative Accuracy and Integral Nonlinearity 
when Calibrated 


As shown in the diagram, the calibration technique tends to 
exaggerate the relative error at the negative end of the scale, and 
reduce the error between 0 and + 5 volts. This characteristic 
happens to be most beneficial when using the AD 1170 in systems 
where the input comes from a sensor whose signal is mostly 
positive, such as a thermocouple. 


For systems where the user desires to minimize the relative 
error equally across the whole span of the convener, 
it is possible 
to intentionally introduce a span error during the ECAL procedure, 
as shown in Figure 3. This scheme sacrifices positive full-scale 
accuracy in order to minimize negative full scale error. The net 
result is a relative accuacy equal to the integral nonlinearity. 


. - 
l.~~~~~~~I~····f·=·· 


INTENTIONAL 
MISCAlIBRATION 
EQUALIZES 
ERROR 
AT 
BOTH 
ENDS OF SCALE 
Figure 3. Relative Accuracy with Intentional Span Error at 
+F.S. 


In both cases the accuracy of the input offset (which is servo 
controlled) is not compromised. 


MEASUREMENT/CALmRATION 
NOISE 
Measurement 
noise refers to the conversion-to-conversion 
uncer- 
tainty caused either by mathematical 
truncation 
or device noise. 


Calibration noise is actually the measurement 
noise resulting 
from the calibration process. The convener 
stabilizes itself by 
perfonning internal measurements of the reference, and of ground; 
these measurements 
have the same uncenainty 
due to noise as 
does the nonna! measurement 
process. 


The measurement 
and calibration noise error of the AD1170 
detennines 
the differential linearity , or useable resolution, 
of the 
convener. 
This parameter detennines 
the usable resolution 
because it defines what codes can be seen through the noise. 
The specified value is the amount of error, in either direction 
from the average reading, which will not be exceeded for 95% 
of all conversions. This parameter, as in all integrating conveners, 
is a function of the integration 
time; long conversions result in 
very high resolution, 
while shon conversions provide lower 
resolution. 
In the AD 1170, all internal computations 
are always 
carried out to 22-bit resolution, 
but useable resolution is limited 
by the peak-ta-peak 
noise, as detennined 
by T(cal) and T(int). 


The chart shown in Figure 4, illustrates the typical peak-ta-peak 
noise (in ppm Span) versus T(int) and T( cal). These numbers 
can be used to indicate how much useable resolution can be 


T(cal) = 
lms 
10ms 
16.7ms 
20ms 


T(int)= 
lms 
208 


10ms 


16.7ms 


20ms 


lOOms 
166.7ms 


300ms 


Figure 4. Typical Peak-to-Peak Noise (in ppm Span) VersusT(int) and T(ca/) 


CAL 
166.7ms 
300ms 
DISABLED 
UNITS 


112 
111 
110 
±ppmofSPAN 
13 
13 
12 


8 
8 
8 
7 
7 
7 
4.0 
3.5 
3.5 
4.0 
3.5 
3.5 
3.5 
3.5 


expected under a given set of operating conditions. 
For example, 
a peak-to-peak 
noise of :±:8ppm is approximately 
analogous to a 


flicker of:±: 0.5LSB at 16bits of resolution. Under these conditions, 
a user could set the default format for the ADII70 
to 16-bit 
resolution, and observe no more than :±:1I2LSB of differential 
error. See Table I for conversion of typical peak-to-peak 
noise 
to Differential Nonlinearity 
and Useable Resolution. 


The chart in Figure 4 may also be used to determine the minimum 
effective calibration time for a specified integration 
period; the 
noise contributions 
of both the measurement 
cycle and the 
calibration cycle combine as the "root sum square", 
and the 
combined effect tends to asymptotically approach a baseline 
value determined 
by the shorter of the two. For example, a 
T(cal) greater than 10 milliseconds does little or nothing to 
improve the noise performance 
for conversions using a T(int) of 
I millisecond. 


RESOLUTION 
RESOLUTION 
ATl/2LSB 
ATILSB 
DIFFERENTIAL 
NOISE 
DNLERROR 
DNLERROR 
NONLINEARITY 
(ppmSpan) 
(NO. OF BITS) 
(NO. OF BITS) 
(0/0 Span) 


244 
11 
12 
0.024 
122 
12 
13 
0.012 
61 
13 
14 
0.006 
31 
14 
15 
0.003 
15 
15 
16 
0.0015 
8 
16 
17 
0.00076 
4 
17 
18 
0.00038 
2 
18 
19 
0.00019 


Table I. Conversion of Noise Error to DNL and Usable 
Resolution 


SIGNAL 
INPUT 
CONNECTIONS 
The AD 1170 has both a positive input pin ( + IN) as well as a 
negative input pin ( - IN), but the AD 1170 input is not a true 
differential input. The negative input pin is an input used during 
calibration cycles to establish the zero reference. In applications 
with static ground offsets, the - IN pin may be used as a ground 
sense input, to sense a signal reference point which is offset 
from analog common by a small differential. 
Both the - IN and 
+ IN signals must have a bias current path back to analog com- 
mon. Figure 5 illustrates the proper use of the input signal 
connections. 


+5 V 
J'0~F 


ADl170 


RESET 
A reset sequence must be accomplished 
after power-up and 
before any access to the converter. 
The RESET line initializes 


the internal logic of the AD1I70. 
This line may be driven from 
an external source, such as may exist in most computer based 
systems, or it may be connected to a simple RC circuit which 
will automatically invoke a reset sequence at power-up. 
Figure 5 
illustrates the recommended 
circuit. 


When driving the RESET line from an external source, the line 
must be held high for at least 2 microseconds after the oscillator 
is running and stable (typically 300 microseconds after power is 
applied) in order to assure a proper reset. 


CLOCK 
The AD 1170 requires a 12MHz clock for operation, 
This clock 
may be supplied by connecting the XT AL OUT and XT AL IN 
pins to a 12MHz crystal, along with two resistors and two capacitors 
as shown in Figure 5. 


The user may also supply a 12MHz logic signal from an external 
source, such as may be available in the user's system. In this 
case, the external clock should be applied to the XTAL IN pin, 
and the XTAL OUT pin should remain unconnected. 
POWERING 
THE AD1l70 
For best performance, 
the user should pay careful attention to 
proper power supply bypassing, as well as grounding. 
Analog 
common and digital common are not connected internal to the 
module, but must be connected externally. Figure 5 illustrates 
the proper connection of power and ground to the ADI170'. 


REFERENCE 
CONNECTIONS 
The internal + 5 volt reference of the AD 1170 is brought out to 
Pin 21 of the module; for normal operation, it should be connected 
to the reference input (Pin 23). 


An external reference voltage of from 4.5 to 5.5 volts may be 
applied to the reference input (Pin 23), and the reference output 
may remain unconnected. 
The data will be ratiometric to that 
reference. The input impedance of the reference input is ap- 
proximately 
16K ohms. The reference input is not dynamic; any 
external reference voltage must be an essentially static DC 
signal. 
INTERFACING 
TO THE AD1l70 
The ADI170 contains an eight-bit microprocessor 
compatible 
interface structure, 
including control lines. It can be interfaced 
to any microprocessor-based 
system in either a memory mapped 
or I/O mapped mode, and occupies four successive bytes of 
read/write address space, as shown in Figure 6.1 


• 


CS I 
RD 
WR 
A1 
AO 
FUNCTION 
H 
X 
X 
X 
X 
Device Not Selected 
L 
H 
L 
H 
H 
(Unused) 
w 
L 
H 
L 
H 
L 
Parameter 
2 Write 
f- 
a: 
L 
H 
L 
L 
H 
Parameter 1 Write 
~ 
L 
H 
L 
L 
L 
Command 
Write 
L 
L 
H 
H 
H 
High Data Read 
C 
L 
L 
H 
H 
L 
Mid Data Read 
<l: 
w 
L 
L 
H 
L 
H 
Low Data Read 
a: 
L 
L 
H 
L 
L 
Status Read 


X = DON'T CARE 


Figure 6. Control Functions 


'Attempting to READ and WRITE at the same time (RD and WR set low) 
may alter the contents 
of the internal 
nonvolatile 
memory. 


byte 01 the device Image. Upon receipt ot the command byte, 
the BUSY line is set low, indicating that command interpretation 
is in progress. The BUSY line returns high, following command 
interpretation 
and a command dependent 
execution time. This 
signals that the command execution has been completed, and 
another command may now be written. The logical inverse of 
the BUSY line is available in the STATUS byte for use in polling. 
See the section below about THE STATUS BYTE. 


When the command requires one or two parameters, 
in addition 
to the command byte, they must be written into the second and 
third parameter 
bytes of the image before writing the command 
byte. This is because writing the command byte triggers the 
microprocessor 
to begin command interpretation. 


Following the execution phase of any command, 
the CMD ERR 
bit in the STATUS byte will indicate acceptance or rejection of 
the command. 
When set, this bit indicates that there was a 
contextual or syntactic error in the command or parameters. 


Conversions may be initiated either by bus command, or by a 
high to low transition of the EXT CC line!. Externally triggered 
conversions behave in the same way as bus triggered conversions, 
except that the BUSY line and the BUSY bit in the status word 
remain inactive; the end of execution of externally triggered 
conversions must be determined 
by examination of the DT A 
RDY line or the DTA RDY bit in the STATUS word. 


THE STATUS 
BYTE 
The lowest readable byte of the device image is the STATUS 
byte; it contains six bits of information about the current status 
of the AD1170. This byte may be examined by the host processor 
at any time. The individual bits in the status byte (see Figure 7) 
are assigned the following functions: 


BITO The BUSY bit is an inverted version of the signal on Pin 
7 of the module. When low, it indicates that the AD 1170 
is ready to receive a command. 
When high, it indicates 
that the AD1170 is busy executing the last command. 
Any commands loaded while the BUSY signal is high will 
be ignored. 


BIT! 
The DTA RDY bit (also available on Pin 10 of the module) 
goes high to indicate that the data from the most recent 
conversion is available in the LOW DATA, MID DATA, 
and HIGH DATA registers. This bit is cleared at the 
start of the next conversion. 
It may also be cleared by 
executing an EOI command. 


BIT2 The DATA SAT bit is set by any conversion which is 
saturated, 
Le., any conversion whose output data exceeds 
positive or negative full scale. 


BIT3 The CMD ERR bit indicates that the most recently loaded 
command contained a contextual or syntactic error, or 
was not recognized. It is cleared when the next command 
is loaded. 


BIT4 The INT bit (also available on Pin 11 of the module) goes 
high to indicate that the input signal is currently being 
integrated. 
It is used in multiplexed 
systems to determine 
when the input multiplexer 
may be switched. 


BITS The PWRUP bit (also available on Pin 14 of the module) 
goes high when the module is powered up or when the 
RST command is executed. It remains high until device 
initialization is complete. This signal is used to indicate 
readiness of the converter after system initialization. 


Figure 7. The Status Byte 


OUTPUT 
DATA FORMAT 
The AD 1170 architecture 
allows a programmable 
data format 
independent 
of the integration 
time. The user may specify any 
resolution from 7 to 22 bits, and may specify either offset binary 
coding or two's complement 
coding. Programming 
the data 
format is accomplished 
via the use of the SDF command, 
using 
the format code described in the table in Figure 8 as the 
PARAMETER 
1 value. 


C. 
Ca 
C2 
C, 
Co 
DATA FORMAT 


H 
X 
X 
X 
X 
Two's Complement 
L 
X 
X 
X 
X 
Offset Binary 


X 
H 
H 
H 
H 
22 Bits 
X 
H 
H 
H 
L 
21 Bits 
X 
H 
H 
L 
H 
20 Bits 
X 
H 
H 
L 
L 
19 Bits 
X 
H 
L 
H 
H 
18 Bits 
X 
H 
L 
H 
L 
17 Bits 
X 
H 
L 
L 
H 
16 Bits 
X 
H 
L 
L 
L 
15 Bits 
X 
L 
H 
H 
H 
14 Bits 
X 
L 
H 
H 
L 
13 Bits 
X 
L 
H 
L 
H 
12 Bits 
X 
L 
H 
L 
L 
11 Bits 
X 
L 
L 
H 
H 
10 Bits 
X 
L 
L 
H 
L 
9 Bits 
X 
L 
L 
L 
H 
8 Bits 
X 
L 
L 
L 
L 
7 Bits 


X = DON'T CARE (C1CSCS = XFORALLDATAFORMATS) 
Figure 8. Format Code 


It should be noted that the AD1170 computes all data to 22 bit 
resolution. 
However, not all 22 bits are useable, since the differ- 
ential performance 
is largely dependent 
upon factors such as 
integration 
period and calibration period. The SDF command 
simply serves to round off the result to the specified number of 
bits. The graph in Figure 4 can be used to estimate the amount 
of useable resolution achievable for a specified integration period 
and calibration period. 


The output data is always right justified within the three output 
bytes (LOW DATA, MID DATA, and HIGH DATA). If two's 
complement 
format is selected, the MSB of the data is inverted 
and extended all the way to the top of the HIGH DATA byte. 
For example, if 16 bit two's complement 
format is selected, the 
data will appear in the LOW DATA and MID DATA bytes, 
and the MSB will be 0 for positive inputs.2 
The format is a 
nonvolatile parameter; 
whenever an SAVA command is executed, 


the current format will be saved to nonvolatile memory, and 
will become the default format upon powerup. 


JThe minimum duaration for EXT CC is one microsecond. 
2Since the sign is extended all the way to the top of the uppermost byte, the 
HIGH DATA byte will be fLI1edwith the value of the MSB. 


PROGRAMMING 
THE INTEGRATION 
PERIOD 
The key parameter 
of any integrating 
AID converter is the 
integration period. As shown in Figure 9, an integrating AID 
converter provides maximum normal mode rejection at those 
frequencies which are integral multiples of lrr(int), 
where T(int) 


is the integration 
period. The most common way to exploit this 
characteristic 
is to set the integration period equal to one period 
of the power line frequency so that ac hum will be rejected. 
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Figure 9. Normal Mode Rejection 


The duration of the integration also affects the resulting resolution 
of the data; long integration times result in more usable resolution 
than do short integration periods. 


The AD1I70, 
unlike most dual slope converters, 
offers the user 
the capability of programming 
the integration 
time. This feature 
can be used to great advantage in systems design, since the 
integration time can be optimized for differing system conditions. 
For example, in systems whose inputs are severely polluted by 
60Hz noise, the user may wish to program the AD 1170 for a 
100 millisecond integration time, which will result in excellent 
60Hz normal mode rejection. In another application, 
a user may 
wish to scan a large number of channels rapidly, looking for 
gross input changes, then slow down in order to make a high 
resolution conversion before resuming rapid scanning. 


The AD 1170 offers the user a number of different ways to set 
the integration period. The sinlplest way is by using the SDI 
command to set the default integration period to one of seven 
preset periods (lms, 
10ms, 16.66ms, 20ms, lOOms, 166.66ms, 
3OOms).The first two preset periods offer fairly rapid scanning 
at reduced resolution; the other five represent American and 
European line voltage standards or multiples thereof. For single 
conversions without altering the default integration tinle, the 
CNVP command may be used, which also allows the selection 
of one of these seven preset periods. These preset periods and 
their corresponding 
codes are listed in the table of Figure 10. 


Another way in which the integration period may be programmed 
is via the EIS command, which allows the user to load the externally 
defmable period register with a binary value' proportional 
to the 
desired integration period. Using this technique, 
the user may 
specify any period from one millisecond to 350 milliseconds 
(with 200 microsecond accuracy). Access to this user definable 
period is via the SDI or CNVP commands; the last entry in 
Figure 10 is used to select the period defmed by the EIS or 
ELS command. 


C. 
C, 
Co 
INTEGRATION TIME 
NOTES 


L 
L 
L 
1 Millisecond 


L 
L 
H 
10 Milliseconds 


L 
H 
L 
16.667 Milliseconds 
1cycle @60Hz 


L 
H 
H 
20 Milliseconds 
1cycle @ 50Hz 


H 
L 
L 
100 Milliseconds 
SO/60Hz 


H 
L 
H 
166.67 Milliseconds 
10 cycles @ 60Hz 


H 
H 
L 
300 Milliseconds 
SO/60Hz 


H 
H 
H 
(See Note) 
• 


NOTE 
This code is used for externally loaded integration times 
(defined with the EISCommand) or externally measured times 
(from the ELSCommand). The value can be anywhere from 
1 Millisecond to 350 Milliseconds. 


Figure 10. Preset Integration 
Periods 


The third way to set the integration period is via the external 
line sampling feature, using the ELS command. 
This command 
samples the period of the logic signal presented to the ELS 
input pin (Pin 12), and sets the externally defmable period 
register accordingly. This feature is most useful in environments 
with fluctuating line frequencies. 
By executing an occasional 
ELS command, 
the converter effectively "tracks" 
the line fre- 
quency. To use this feature, a clean, bounce free logic represen- 
tation of the line frequency must be present at the ELS input 
during the execution of the ELS command. Once having performed 
the ELS command, the measured integration time may be selected 
using the SDI or CNVP commands along with the (HHH) 
code 
from the table in Figure 102• 


It should be noted that the actual integration 
period used in the 
measurement 
process is accurate to about 
± 2ool1s, due to the 
limitations of the charge balancing converter. 
This is adequate, 


however, for greater than 50dB of normal mode rejection at 
60Hz when using an integration period of 1/60 second. Even 
greater normal mode rejection may be obtained when the inte- 
gration period is a multiple of the line frequency period. 


CONTROLLING 
THE CALIBRATION 
CYCLE 
The AD 1170 achieves its excellent span and offset stability by 
calibrating itself against its internal reference voltages. The user 
can control the frequency of occurrence for calibration cycles 
and their duration. 


The duration of the calibration cycle is an inlportant 
parameter, 
because it affects the accuracy of the calibration cycle itself. 
Errors in the calibration cycle appear in the output data as 
instantaneous 
offset and span errors. If automatic "background" 


calibration is enabled, these errors effectively appear as noise. 
Just as in the case of input conversions, 
longer calibration times 
result in more accuracy and less noise. 


Of course there may be system applications where there sinlply 
isn't sufficient time to perform a long calibration cycle. For this 
reason, the ADII70 
offers the user the ability to specify the 
calibration period, using the SDC command. 


The argument for the SDC command is the same three-bit code 
as is used for the SDI and CNVP commands. 
The reason for 


'See the section titled "The AD1l70 Command Set" for the formula used to 
compute the proper binary value. 
2Caution is advised; if no signal is present at the ELS input when the ELS 
command is executed, or if the signal is not within acceptable frequency 
limits, the module may "hang" and require a hardware reset to continue 
operation. 


this is that each calibration cycle consists essentially of two 
ordinary conversion cycles, performed 
upon the internal zero 
and span references. For example, if an SDC command with an 
argument of 3 is executed, the default calibration time will 
then be approximately 
49 milliseconds (two conversions of 20 
milliseconds plus approximately 
9 milliseconds for the internal 
mathematics). 


The user may also disable or enable background 
calibration. In 
systems where the ADII70 
may be periodically idle, i.e., not 
performing 
input conversions, 
background 
calibration is a good 
choice. This mode is enabled with the CALEN command and 
will cause the AD 1170 to continually initiate an internal calibration 
cycle whenever the converter is otherwise unoccupied. 
Any 
conversion commands received during a cal cycle will cause that 
cal cycle to be aborted in favor of the input conversion, thereby 
giving the user priority over calibration. 
This mode of operation 
is automatic and transparent. 


The CALDI instruction is used to disable background calibration. 
When this instruction is executed, the converter will be completely 
idle between convert commands, 
and calibration cycles will only 
occur when invoked by the SCAL command. This mode of 
operation is best when the user would like to perform input 
conversions at the maximum rate, and/or when the system affords 
a specific convenient time to perform calibration. 


There are no hard and fast rules about the best way to apply all 
of this flexibility, but best performance 
will be obtained if the 
following points are observed: 


• Consult the chart in Figure 4 to determine 
the minimum 
effective calibration period for use with a desired integration 
period. 


• Don't use automatic background calibration unless your system 
will allow the converter enough uninterrupted 
time to perform 
at least one calibration cycle. For example, if you are using a 
calibration period code of 3, your system must periodically 
allow at least 49 milliseconds without a convert command or 
calibration will not occur. 


• Remember 
that the purpose of the calibration cycle is to 
cancel the intrinsic drift of the charge balancing converter 
within the ADII70 
itself. If the converter is in a stable envi- 
ronment, 
calibration may be done less frequently. 
The best 
possible performance 
will be achieved in stable ambient tem- 


peratures, 
where calibration is manually invoked by the system 
at relatively long intervals, using the longest allowable calibration 
time. 


• Very short calibration times, although allowed by the AD 1170 
firmware, are not especially useful because they introduce 
more error than they compensate. 
The only useful purpose of 
very short calibration times is in systems which are operating 
in rapidly changing ambient temperatures, 
and then only for 
relatively low resolution conversions. 


COMPENSATION 
OF EXTERNAL 
OFFSETS 
An electronic "null" feature compensates for offset errors of 
signal conditioning 
stages preceding the AD1I70. 


The null feature comprises three commands: NULL 
measures 
the input signal (using the current integration time) and stores it 
in internal RAM; NULEN 
subtracts the measured value from 
all subsequent 
conversions; NULDI 
cancels the NULEN 
com- 
mand's effect. 


The sum of the offset value plus the full-scale input should be 
less than the ±6 volts linear input range of the AD1I70. 
The 


offset value to be nulled should ideally be no more than a few 
hundred millivolts in amplitude. 


The NULL command does not need to be executed every time 
the AD 1170 is powered up. Since the value measured by the 
NULL 
command is saved and restored by the SAVA and RESA 
commands, the value of the null will be the one saved during 
the last SAVA command. 
Execute a NULL 
command only 
when a new null measurement 
is desired. 


When NULEN 
is in effect, the length of each conversion will 
be extended by approximately 
700 microseconds. 


ELECTRONIC 
CALIBRATION 
The ADII70 
contains an Electronic CALibration 
capability, 


which, along with the internal nonvolatile memory chip, effectively 
eliminates the need for trim potentiometers 
of any kind. This 


capability, abbreviated 
as ECAL, should not be confused with 
the internal background 
calibration cycles. ECAL is a completely 


distinct function used to calibrate the AD 1170 to an external 
reference standard. 


The ECAL function measures the ratio of the internal reference 
voltage in the module with respect to an externally applied 
reference voltage. The resulting coefficient is applied to the 
math computations 
for all subsequent 
conversions, 
effectively 


compensating the module for absolute value errors in its own 
reference. The ratio is stored in random access memory until 
the user invokes a SAVA command, which will save this coefficient 
(along with the other nonvolatile parameters) 
in the nonvolatile 
memory chip. When the module is powered up, the previously 
saved coefficient is recalled from nonvolatile memory and stored 
in random access memory. 


In order to use the ECAL command, 
the input to the ADI170 
must first be presented with an external + 5 volt reference standard 
such as is usually found in many calibration labs. The ECAL 
command may then be invoked; the external reference voltage 
must remain at the input until command execution is complete. 
If the calibration is to be made nonvolatile, a SAVA command 
must then be invoked. I 


ECAL may also be used as a means of making limited ratiometric 
measurements. 
For example, in some applications, 
it may be 
useful to be able to measure the output of some transducer 
with 
respect to its excitation; if the excitation can be scaled to the 
range of 4.5 to 5.5 volts, then it can be used as an excitation for 
the ECAL process. Having digitized the excitation, all subsequent 
conversions will be ratioed to the ECAL value. For example, if 
an ECAL procedure is performed 
upon a 4.5 volt source, and 
the converter subsequently digitizes a 2.25 volt signal, the converter 
output will be half of full scale, or 11000... (assuming offset 
binary coding). The converter can be restored to absolute cali- 
bration by executing a RESA command, 
which will restore the 
last nonvolatile ECAL coefficient to random access memory. 


The user is cautioned that the nonvolatile memory used in the 
AD 1170 has a finite endurance of 1000 write cycles minimum. 
Assuming that the AD 1170 is calibrated weekly, this implies a 
device life span of greater than 19 years. Less frequent calibrations 
mean a proportionately 
longer life span. This means ECAL may 


be performed any number of times, but the user should limit 
the number of SAVA commands in order to extend the life span 
of the nonvolatile memory. 


'Since the SAVA command saves all nonvolatile parameters, the user should 
be sure that the other default parameters, such as integration time and data 
format, are set to their desired values before SAVA is invoked. 


NONVOLATILE 
MEMORY 
The internal nonvolatile memory in the AD1170 is used to store 
the various nonvolatile parameters 
associated with AID operation 


(for example, the integration 
period, data format, ECAL coeffi- 
cient, etc.). 


In addition, 
eight l6-bit words of the nonvolatile memory are 
made available to the user for general purpose use. They may 
be accessed using the RDNV and WRNV commands. Because 
the nonvolatile memory is specified for a finite endurance of 
1000 write cycles minimum, 
it is best used for data which does 
not regularly need to change, such as configuration 
information 
or system calibration parameters. 


FACTORY 
DEFAULT 
SETTINGS 
The AD1170 is calibrated at the factory; the factory default 
settings are: 
Format: 
16-bit, offset binary 
Default T(int): 
16.667 milliseconds (code 2) 
Default T(cal): 
100 milliseconds (code 4) 


THE AD1l70 
COMMAND 
SET 
The AD1170 command code set includes 20 different functions. 
Some of the commands require no parameters, 
while others 
require one or two parameters which must be loaded into the 
PARAMETER 
1 and PARAMETER 
2 registers prior to loading 
the command register. Some commands (for example, CNVP) 
have their option parameter embedded 
in the lowest three bits 
of the command itself. 


The execution time for any command depends on the command. 
Figure 11 is a synopsis of the available commands, 
as well as 
estimates of their execution times. 


Each of the commands described below is preceded by an opcode 
name, along with the digital code (in binary). 


CALEN 
1011סס oo 
CALEN (CALibration 
ENable) enables automatic background 
calibration cycling. In this mode, background 
calibration cycles 
are executed automatically whenever the AD 1170 is not otherwise 
occupied. If a command is received during a calibration cycle, 
that cycle will be aborted and the command will be executed. 


CALDI 
10111000 
CALDI (CALibration 
DIsable) disables automatic background 
calibration. After executing this command, 
the AD1170 will be 
completely idle between commands. 
While in this state, a single 
calibration cycle may be invoked with the SCAL command. • 
CNVסס oo1000 
CNV (CoNVert) causes a single conversion to be performed, 
using the current default integration 
time and data format. 


CNVP 
000IOCzClCo 


CNVP (CoNVert using specific Preset time) causes a single 
conversion to be performed, 
using one of the eight preset inte- 
gration times as listed in Figure 10. The default integration 
time 
is not changed. The three bit code for the desired integration 
time is embedded in the lowest three bits of the command code. 


ECAL 
00011000 
ECAL (Electronic CALibration) 
causes an electronic calibration 
cycle to be performed. 
An extema! + 5 volt reference voltage 
must be presented to the input before this command is executed, 
and the input must remain stable until the end of command 
execution is signaled by the BUSY line or the BUSY bit in the 
status word. The calibration data computed 
by this command is 
applied to all subsequent 
conversions, but is not made nonvolatile 
until a SAVA command is performed. 


EXECUTION 
TIME 
MNEMONIC 
FUNCTIONAL 
DESCRIPTION 
IAPPROX) 


CNV 
Perform 
a Single Conversion 
Using the Default 
Integration 
Time 
T(int) + 3ms 


CNVP 
Perform 
a Single Conversion 
Using the Specified 
Integration 
Time 
T(int) + 3ms 


ELS 
Measure 
Period 
of Signal 
at the ELS Input 
2 x Tlint) 
+ 20ms 


ECAL 
Perform 
Electronic 
CAlibration 
Routine 
1.5 seconds 


SOl 
Set Default 
Integration 
Time for Input Measurements 
150 ••s 


SDC 
Set DefeultCalibration 
Period 
160 ••s 


SDF 
Set Default 
Data Format 
140 ••s 


RESA 
Restore All Nonvolatile 
Parameters 
from Memory 
2.3ms 


SAVA 
Save All Nonvolatile 
Parameters 
to Memory 
150ms 


WRNV 
Write 
a Word 
to the User EEPROM 
Area 
22ms 


RDNV 
Read a Word 
from 
the User EEPROM 
Area 
600 ••s 


EOI 
Clear the Data Ready 
Flag 
260 ••s 


SCAL 
Perform 
a Single 
Cal Cycle 
2 x TIcal) + 9ms 


CALEN 
Enable Background 
Calibration 
300 ••s 


CALDI 
Disable Background 
Calibration 
310 ••s 


EIS 
Set Integration 
Time to Arbitrary 
Value 
130 ••s 


RST 
ResetAD1 
170 to Power 
Up Conditions 
210ms 


NULL 
Measure 
the Offset 
Voltage 
Value 
atthe 
AD1 170 Input 
and Store 
T(int) + 3ms 


NULEN 
Subtract 
NULL Measured 
Value 
from 
All Subsequent 
Conversions 
250 ••s 


NULDI 
Cancel 
the Effect 
olthe 
NULEN 
Command 
250 ••s 


EOI 
10001000 
EOI (End Of Interrupt) 
clears the DTA ROY bit in the status 
byte, as well as the DTA ROY line (Pin 10). It is provided as a 
means of clearing the interrupt 
source in systems which use an 
interrupt 
upon data ready. 


ELS 
0010סס oo 
ELS (External Line Sample) measures the period of the logic 
signal applied to the ELS input (Pin 12)I. This period is loaded 
into the register associated with the last entry of the table in 
Figure 10. Input conversions using this measurement 
as the 
integration period may be performed 
by invoking a CNVP 
command, 
or by setting the default integration period with the 
SDI command. This command is intended for use in environments 
with varying line power frequency; periodically invoking this 
command allows effective tracking for improved normal mode 
rejection. 


EIS 
00101000 
ElS (External Integration 
Set) is used to establish an arbitrary 
integration period from I millisecond to 350 milliseconds. To 
use this command, 
fll'St load the PARAMETER 
I and PARAM- 


ETER 2 registers with the 16-bit binary number N, which is 
calculated using the following expression: 


N =216 - T(int)l21.333E-6 


After the low and high bytes representing 
N are loaded into the 
PARAMETER 
I and PARAMETER 
2 registers respectively, 
execute the EIS command. 
Once this command is executed, the 
externally loaded integration 
time can be used via the CNVP or 
SDI commands. 


RESA 
01101000 
RESA (REStore All) restores all confJgll1'lltionparameters (default 
integration time, default calibration time, data format, EISIELS 
period, NULL 
value and electronic calibration data) from non- 
volatile memory. Mter executing this function, all parameters 
will be restored to their last value as saved by the SAVA com- 
mand. 


SAVA 
01001000 
SAVA (SAVe All) saves all programmable 
attributes 
(default 
integration time, default calibration time, data format, EISIELS 
period, NULL 
value and electronic calibration data) into non- 
volatile memory. 


SDI 
oolllCzClCo 
SDI (Set Default Integration 
time) sets the default integration 
time to one of the eight preset times listed in Figure 10. The 
three-bit code for the desired integration 
time is embedded in 
the lowest three bits of the command code. 


SDF 
0011סס oo 
SDF (Set Default Format) sets the default data format according 
to the five bit code loaded into the PARAMETER 
I register 
prior to execution of this command. The table in Figure 8 illustrates 
the construction 
of the five bit code according to the desired 
data format and resolution. 


SCAL 
11000ooo 
SCAL (Single CALibration) 
performs a single background cali- 


bration cycle. This command is intended for use when auto- 
matic background 
calibration has been disabled via the CALDI 
command. 


SDC 
OIOOOCzClCo 
SDC (Set Default Calibration time) sets the default calibration 
time (Tcal) according to the three bit code embedded in the 
lowest three bits of the command. 
The calibration times are 
shown in Figure 10. Note that the aetual duration of a calibration 
cycle is approximately 
2 x T(cal) +9 milliseconds. 


~ 
loollA2A1Ag 
~ 
(WRite NonVolatile) 
writes the user supplied data, in 
the PARAMETER 
I and PARAMETER 
2 registers, into the 
user accessible area of the AD 1170's nonvolatile memory. Eight 
words of this memory are available, and are addressed by the 
lowest three bits of the command. 


RONV 
10100A2A1Ag 
RONV (ReaD NonVolatile) 
reads one word from the user ac- 
cessible portion of the nonvolatile memory within the AD1170, 
and places the data into the LOW DATA and MID DATA 
registers for retrieval by the user. The address of the desired 
word is embedded 
into the lowest three bits of the command. 


RST 
1001סס oo 
RST (ReSeT) is effectively equivalent to a hardware reset of the 
AD 1170. After executing this command, all nonvolatile parameters 
(including the ECAL coefficient, the default integration and 
calibration periods, EISIELS period, NULL 
value and the 
default format) will be restored to their last saved values, automatic 
calibration will be enabled, and NULL 
will be disabled. 


NULL 
0111סס oo 
NULL 
measures the input signal (using the curent integration 
time value) and stores the measurement 
in internal RAM. It 
allows the user to establish the value of offset voltage at the 
input and subtract that offset from subsequent 
conversions 
through the execution of the NULEN 
command. 
The user must 
insure that the sum of the offset value plus the full scale input 
is less than the ±6 volts linear input range of the AD 1170. 
Ideally the offset value to be nulled should be no more than a 
few hundred 
millivolts in amplitude. 
The value measured by the 
NULL 
command is saved and restored by the SAVA and RESA 
commands - maintaining this value through subsequent powerups. 
The NULL 
command need only be invoked when a new null 
measurement 
is desired. 


NULEN 
01111000 
NULEN 
(NUll 
ENable) subtracts the value, measured and 
stored by the last NULL 
command, 
from all subsequent 
con- 
versions. When NULEN 
is in effect, each conversion's 
length 
will be extended by approximately 
700 microseconds. 


NULDI 
1ס0ooooo 
NULDI 
(NULl DIsable) cancels the effect of the NULEN 
command. 


IThis losic signal should be • TIL 
or CMOS compatible continuous 
waveform. It need not be symmetrical, but the IDGH or LOW time should 
not be I••• than 25 mic:rooec:onds. 
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IBM PC INTERFACE 
Figure 12 is an example of an AD1170/IBM interface suitable 
for the IBM PC or XT personal computers. 
In this case, the 
AD1170 is interfaced in the I/O space; the DIP switch controls 
the specific location of the AD 1170 within the available address 
space. 
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Figure 12. IBM PClXTto AD1170 Interface 


INTERFACING 
TO AN 8051 MICROCONTROLLER 
Figure 13 shows how an AD1170 may be interfaced to an 8051 
microcontroller 
using a technique commonly called "byte bang- 
ing", where the control lines and data bus of a device are man- 
ipulated under firmware control. This "byte banging" technique 
can be adapted to most microprocessors and is useful in situations 
where a conventional bus structure is either nonexistent 
or 
unavailable for use. I 


The AD 1170's data bus is connected to the 80SI using I/O lines 
P2.0 through P2.7. The address lines AO and Al are connected 
to I/O lines PI.O and PI. I respectively. The RD/ and WRilines 
are connected to P1.2 and P1.3. The CS/ line of the ADI170 is 
grounded when it is the only device connected to the 80SI, but 
multiple AD 1170s could easily be connected in the same way if 
each CS/ line were separately controlled. 


INote that the 8051 microcontroller 
does contain a conventional bus structure; 
the "byte banging" interface shown here is presented as an example of an 
alternative technique. 


Applying the ADl170 
• 


4 
jffi 
ADl170 


DB7 


DB6 


DB5 


To initialize the interface, first write" I"s to the port pins connected 
to the data bus and the RD/ and WRI control lines. This puts 
the 80SI I/O lines into a lightly "pulled up" state, simulating a 
tri-stated condition on the bus to insure that neither RD/ or 
WRI are selected: 


;DISABLERD/ 
;ANDWRI 


To write a command to the AD1170, first set the state of the 
PI. I and PI.O lines for the address corresponding 
to the byte to 
be written to. Set the P2 port to the command data, then strobe 
the WRiline 
by first clearing the Pl.3 line and then setting it: 


WRCMD: 
CLR 
PI.O 
;FIRSTCLEARAOANDAI 
CLR 
Pl.l 
;TO POINT TO CMD BYTE 


;CNV IS THE OPCODE FOR 
;A SINGLE CONVERSION 


;STROBE THE WRI LINE 
;ONETIME 


;CLEARDATABUSTO 
;ALLONES 


To read a byte from the AD1170, first set the PI.O and PI.I 
lines to point to the address of the byte desired. Bring the RD/ 
line low, reading the contents of P2. Return the RD/ line high: 


RDSTAT: 
CLR 
PI.O 
;POINT 
TO STATUS BYTE 
CLR 
Pl.l 


CLR 
P1.2 
MOV 
A,P2 
SETB 
P1.2 


;BRING RDt LINE LOW 
;READ CONTENTS 
OF BUS 
;RESTORE 
RDt LINE HIGH 


in Figure 14. A 3 millivolt/volt pressure transducer (e.g., Dynisco's 
800 series) is interfaced to a model IB31 configured for a gain 
of 333.3, to provide a 0 to 5 volt output. The regulated excitation 
voltage is 5 volts, and is used as the reference input for the 
AD1170 to produce ratiometric operation. This configuration 
yields very high CMR enhanced by the IB3110w pass filter and 
the integrating 
conversion scheme of the AD1170. 


In addition, 
fixed offsets caused by bridge imbalance can be 
nulled out by the ADI170 with a power-up initialization command 
from the microcomputer 
(see COMPENSATION 
OF EXTER- 
NAL OFFSETS 
section). The full-scale output of the IB31 and 
Transducer 
can also be normalized to ADI170 full scale through 
the electronic calibration command ECAL. Both the offset and 
full-scale correction data can then be stored in nonvolatile memory 
to eliminate repeating this trim process after each power-up. 
The AD 1170 eliminates a potentiometer 
or software overhead 
which might otherwise be needed for these functions. 


NOTES 
• 3mVNLOAOCElL 
• 
+5VEXCITATION,15mVFS 
• 
GAIN 
= 333 
• 
USE 
10ppm..-c 
GAIN 
RESISTOR 
FDA 
LOW 
GAIN 
TEMPCO 


Figure 
14. Pressure Transducer Data Acquisition 
Using 
1831 and AD1170 


AC5004 


an IBM PC/Xl/AT Compatible Evaluation Board for the ADl170 


FEATURES 
Compatible 
to the IBM PC/XT/AT 
or Equivalent 
Menu-Driven 
Demonstration 
Software 
Input 
Mating 
Connector 
Full Documentation 
Example 
Listings 
of BASIC Programs 
Schematic 
Assembly 
Drawing 
Complete 
Set of Tools 
to Evaluate 
an AD1170 
AID Converter 


GENERAL 
DESCRIPTION 
The AC5004 was designed as a support tool to enable the user 
to easily and quickly evaluate Analog Devices' AD1170 high- 
resolution programmable 
integrating AID converter. The AD 1170 
is inserted directly into an AC5004 board which is designed to 
plug into the backplane of an IBM PCIXT/AT. 
Thus, armed 
with an IBM PC, an AD1170, and an AC5OO4evaluation board, 
the user is fully prepared to examine the operation of the 
ADl170. 


A User's Manual provides all the information required to put 
the AC5004/AD1170 evaluation process into operation. 
In the 
manual are full descriptions of the AC5OO4memory address and 
power source selection jumpers as well as a schematic documenting 
the interface of the AD 1170 to a computer bus. 


The package also contains a comprehensive demonstration program 
written in BASIC that completely exercises all the functions of 
the AD1170. The AC5004 is an accessory that will make readily 
available to the user all the tools needed to comprehensively 
test 
the ADI170. 


PRODUCT 
HIGHLIGHTS 
1. AC5004 plugs directly into IBM PCIXT/AT or compatibles. 


Standard short slot card size (5 718" x 5" x I"). 
2. The AC5004 enables the user to evaluate the AD 1170 high- 
resolution, 
programmable, 
integrating 
AID converter without 
having to build a bread-board 
or prototype. 


3. The evaluation boards come complete with software and 
programming examples designed to exercise all of the AD 1170's 
functions. 
4. AC5004 schematic and assembly drawings are provided to be 
used as examples of how to interface the AD 1170 to a micro- 
processor bus. 


Please note: 
Order ACS004 (does not include ADlI70). 


-"ANALOG 
WDEVICES 


I 


FEATURES 
Complete 16-Bit Converters with Reference 
and Clock 
±0.003% Maximum Nonlinearity 
No Missing Codes to 14 Bits over Temperature 
Fast Conversion 
17 fLSto 16 Bits (AD1376) 
10 fLsto 16 Bits (AD1377) 
Short Cycle Capability 
Adjustable Clock Rate 
Parallel and Serial Outputs 
Low Power: 645 mW Typical (AD1376) 
585 mW Typical (AD1377) 
Industry Standard Pin Out 


PRODUCT 
DESCRIPTION 
The AD1376 and AD1377 are high resolution, 
l6-bit analog-to- 
digital converters with internal reference, clock and laser- 
trimmed thin-film applications resistors. They are packaged in 
compact 32-pin, ceramic seam sealed (hermetic) dual-in-line 
packages (DIPs). Thin-fl1m scaling resistors provide bipolar in- 
put ranges of ±2.S V, ±S V, ±10 V and unipolar input ranges 
of 0 to +S V, 0 to +10 V, and 0 to +20 V. 


Digital output data is provided in parallel and serial form with 
corresponding 
Clock and Status outputs. 
All digital inputs and 


outputs are TTL compatible. 


APPLICATIONS 
The AD1376 and AD1377 are excellent for use in high resolu- 


Complete, High Speed 
16-Bit AID Converters 


AD1376/AD1377 
I 


tion applications requiring moderate speed and high accuracy or 
stability over commercial (O°Cto + 70°C) temperature 
ranges. 


For extended temperature 
ranges, the pin compatible AD1378 


is recommended. 
Typical applications include medical and ana- 


lytic instrumentation, 
precision measurement 
for industrial 
2 


robotics, automatic test equipment 
(ATE), and multichannel 
data acquisition systems, servo control systems, or anywhere 
wide dynamic range is required. 
A proprietary 
monolithic DAC 
and laser-trimmed 
thin-film resistors guarantee a maximum non- 
linearity of ±0.003% (1/2 LSB!4") The converters may be short 
cycled to achieve faster conversion times-IS 
IJ.S to 14 bits for 
the AD1376, or 8 IJ.S to 14 bits for the AD1377. 


PRODUCT HIGHLIGHTS 
1. The AD 1376 and AD 1377 provide 16-bit resolution with a 


maximum linearity error of ±0.003% (1/2 LSB14) at +2SoC. 


2. AD1376 conversion time is 14 IJ.S (typical) short cycled to 14 
bits, and 16 IJ.S to 16 bits. 


3. AD1377 conversion time is 8 IJ.S (typical) short cycled to 14 


bits, and 9 IJ.S to 16 bits. 


4. Two binary codes are available on the digital output. They 


are CSB (Complementary 
Straight Binary) for unipolar input 
voltage ranges and COB (Complementary 
Offset Binary) for 


bipolar input ranges. Complementary 
Twos Complement 


(CTC) coding may be obtained by inverting Pin 1 (MSB). 


S. The AD 1376 and AD 1377 include internal reference and 


clock, with external clock rate adjust pin, and serial and par- 
allel digital outputs. 


AD1376/AD1377-SPECIFICATIONS 
(typical at TA = +25°C, Vs = ±15, 
+5 V unless otherwise noted) 


Model 
AD1376JD/AD1377JD 
AD1376KD/AD1377KD 
Units 


RESOLUTION 
16 (max) 
* 
Bits 


ANALOG 
INPUTS 
. 


Voltage Ranges 
Bipolar 
±2.S, ±5, ± 10 
* 
Volts 
Unipolar 
o to +5,0 
to +10,0 
to +20 
* 
Volts 
Impedance 
(Direct Input) 


Oto+SV,±2.SV 
1.88 
* 
kfi 
o to +10 V, ±S.O V 
3.75 
* 
kfi 
Oto+20V,±IOV 
7.50 
* 
kfi 


DIGITAL 
INPUTSl 


Convert Command 
Positive Pulse SOns Wide (min) Trailing Edge Initiates Conversion 
Logic Loading 
I 
* 
LSTTL 
Load 


TRANSFER 
CHARACTERISTICS2 


ACCURACY 
Gain Error 
±O.OS' (±0.2 
max) 
* 
% 
Offset Error 
Unipolar 
±O.OS' (±O.I max) 
* 
% of FSR' 
Bipolar 
±O.OS' (±0.2 
max) 
* 
% ofFSR 
Linearity 
Error (max) 
±0.006 
±0.003 
% ofFSR 
Inherent 
Quantization 
Error 
±1/2 
* 
LSB 
Differential 
Linearity 
Error 
±0.003 
* 
% ofFSR 


POWER 
SUPPLY 
SENSITIVITY 


±IS V de (±0.7S 
V) 
0.0015 
* 
%ofFSR/%I:1Vs 
+5 V de (±0.2S 
V) 
0.001 
* 
% of FSR/% I:1Vs 


CONVERSION 
TIME' 


12 Bits (AD1376) 
11.5 (13 max) 
* 
~ 
14 Bits (AD1376) 
13.5 (IS max) 
* 
IJ.S 
16 Bits (AD1376) 
15.5 (17 max) 
* 
IJ.S 
14 Bits (AD1377) 
8.75 (max) 
* 
~ 
16 Bits (AD1377) 
10 (max) 
* 
~ 


POWER 
SUPPLY 
REQUIREMENTS 
Rated Voltage, Analog 
± IS, ±o.s 
(max) 
* 
V de 
Rated Voltage, Digital 
+5, 
±0.2S (max) 
* 
V de 
AD1376 Power Consumption 
645 (800 max) 
* 
mW 
+ IS V Supply Drain 
+16 
* 
mA 


-IS 
V Supply Drain 
-21 
* 
mA 


+ 5 V Supply Drain 
+18 
* 
mA 
ADI377 
Power Consumption 
600 (800 max) 
* 
mW 
+ IS V Supply Drain 
+10 
* 
mA 
-IS 
V Supply Drain 
-23 
* 
mA 
+5 V Supply Drain 
+18 
* 
mA 


WARM-UP 
TIME 
I minute 
* 
Minutes 


DRIl'T" 
Gain 
±IS (max) 
±S (±IS 
max) 
ppml"C 
Offset 
Unipolar 
±2 (±4 max) 
±2 (±4 max) 
ppm of FSRrC 
Bipolar 
±1O (max) 
±3 (±1O max) 
ppm of FSRt'C 
Linearity 
±2 (±3 max) 
±0.3 (±2 max) 
ppm of FSRt'C 
Guaranteed 
No Missing Code 
Temperarure 
Range 
o to 70 (13 Bits) 
o to 70 (14 Bits) 
°c 


DIGITAL 
OUTPUT' 


(AU Codes Complementary) 


ParaUel & Serial 
Output 
Codes7 


Unipolar 
CSB 
* 
Bipolar 
COB,CTC' 
* 
Output 
Drive 
5 
* 
LSTTL 
Loads 


Starus 
Logic "1" During Conversion 
Starus Output 
Drive 
5 (max) 
* 
LSTTL 
Loads 


Internal Clock' 
Clock Output 
Drive 
5 (max) 
* 
LSTTL 
Load, 


Frequency 
1040/1750 
* 
kHz 


Specification 
Operating 
Storage 


o to +70 
-25 
to +85 
-55 
to + 125 


NOTES 
ILogic "0" = 0.8 V, max. Logic "I" = 2.0 V, min for inputs. For digital outputs Logic "0" = +0.4 V max. Logic "}" = 2.4 V min. 
'Tested on ± 10 V and 0 to + 10 V ranges. 


3Adjustable to zero. 
'Full-Scale Range. 
5Conversion time may be shortened with "Short Cycle" set for lower resolution. 
'Guaranteed 
but not 100% production tested. 


'CSB-Complementary 
Straight Binary. COB-Complementary 
Offset Binary. GTC-Complementary 
Twos Complement. 


'GTC coding obtained by inverting MSB (Pin 1). 
~ith 
Pin 23, clock rate controls tied to digital ground. 


·Specifications same as AD1376JD/AD1377JD. 
Specifications subject to change without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS 
Supply Voltage 
±18 V 
Logic Supply Voltage 
+7 V 
Analog Inputs (Pins 24 and 25) 
±25 V 
Analog Ground to Digital Ground 
±0.3 V 
Digital Inputs 
-0.3 
V to VDD + 0.3 V 
Junction Temperature 
+ 175°C 
Storage 
+ 150°C 
Lead Temperature 
(10 seconds) 
+ 300°C 


Maximum 
Conversion 
Temperature 
Linearity 
Time 
Package 
Model 
Range 
Error 
(16 Bits) 
Option* 


AD1376JD 
O°Cto +70°C 
±0.006% 
17 ~s 
DH-32E 
AD1376KD 
O°Cto +70°C 
±0.003% 
17 ~s 
DH-32E 
AD 1377JD 
O°Cto +70°C 
±0.006% 
10 ~s 
DH-32E 
AD1377KD 
O°Cto +70°C 
±0.003% 
10 ~s 
DH-32E 


'"te +0.008 


~ 
+0.006 


~ 
+0.003 


ffi 
0 


~ 
- •. 003 
;:I - •.••• 
~ 
-0.008 


~ 
is..,i .., 
~ 
Z::i 
I··, 
o 
~ 
0.006 
~ 
~ 
0.003 


Z 
:J 
0.001 
S 


• 


~.. 
1+0.038i 
t:~ 
!-O.038 
" 


DESCRIPTION 
OF OPERATION 
On receipt of a CONVERT 
START command, the AD1376 or 
AD1377 converts the voltage at its analog input into an equiva- 
lent l6-bit binary number. This conversion is accomplished as 
follows: the 16-bit successive-approximation 
register (SAR) has 
its l6-bit outputs connected both to the device bit output pins 
and to the corresponding 
bit inputs of the feedback DAC. The 
analog input is successively compared to the feedback DAC out- 
put, one bit at a time (MSB first, LSB last). The decision to 
keep or reject each bit is then made at the completion of each 
bit comparison period, depending on the state of the comparator 
at that time. 


GAIN ADJUSTMENT 
The gain adjust circuit consists of a 100 ppmrc 
potentiometer 
connected across ±Vs with its slider connected through a 
300 kil resistor to the gain adjust Pin 29 as shown in Figure 4. 


If no external trim adjustment is desired, Pin 27 (offset adj) and 
Pin 29 (gain adj) may be left open. 


10kll 
100ppmrc 
TO 


l00kll 


OFFSET 
ADJUSTMENT 
The zero adjust circuit consists of a 100 ppmrc 
potentiometer 
connected across ±Vs with its slider connected through a 
1.8 Mil resistor to Comparator Input Pin 27 for all ranges. As 
shown in Figure 5, the tolerance of this fixed resistor is not 
critical, and a carbon composition type is generally adequate. 
Using a carbon composition resistor having a -1200 
ppmrc 
tempco contributes 
a worst-case offset tempco of 32 LSBI4 
x 


61 ppmlLSBI4 
x 1200 ppmrc 
= 2.3 ppmrc 
of FSR, if the 
OFFSET 
AD] potentiometer 
is set at either end of its adjust- 
ment range. Since the maximum offset adjustment required is 
typically no more than ± 16 LSBw use of a carbon composition 
offset summing resistor typically contributes 
no more than 
1 ppmrc 
of FSR offset tempco. 


10kll 
TO 


l00t<1l 


An alternate offset adjust circuit, which contributes 
negligible 
offset tempco if metal film resistors (tempco <100 ppmrC) 
are 
used, is shown in Figure 6. 


+15V 


OFFSET 
1~~1l 
ADJ 
l00t<1l 


In either adjust circuit, the fixed resistor connected to Pin 27 
should be located close to this pin to keep the pin connection 
runs short. Comparator Input Pin 27 is quite sensitive to exter- 
nal noise pick-up and should be guarded by analog common. 


TIMING 
The timing diagram is shown in Figure 7. Receipt of a CON- 
VERT START signal sets the STATUS flag, indicating conver- 
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 
17 cycles. All the 


SAR parallel bits, STATUS flip-flops, and the gated clock in- 
hibit signal are initialized on the trailing edge of the CONVERT 
START signal. At time to, B1 is reset and B2 - BI6 are set un- 
conditionally. At t[ the Bit 1 decision is made (keep) and Bit 2 
is reset unconditionally. 
This sequence continues until the Bit 
16 (LSB) decision (keep) is made at t16• The STATUS flag is 
reset, indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag restores 
the gated clock inhibit signal, forcing the clock output to the 
low Logic "0" state. Note that the clock remains low until the 
next conversion. 


Corresponding 
parallel data bits become valid on the same 


positive-going clock edge. 


CONVERT' I------ 
MAXIMUM 
THROUGHPUT 
nME----------<1 
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CONVERSION 
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NOTES 
1. THE CONVERT 
START 
PULSE 
WlOTH 
IS 50 nt MIN AND MUST 
REMAIN 
LOW DURING 
~~~R=~~~ONVERSION 
IS INITIATEDBY THE"TRAIUNG EDGE" OFTHE 


2. MSB 
DECISION. 


3. ClOCK 
REMAINS 
LOW AFTER 
LAST 
BIT DECiSION. 


DIGITAL 
OUTPUT 
DATA 


Both parallel and serial data from TTL storage registers is in 
negative true form (Logic "1" = 0 V and Logic "0" = 2.4 V). 
Parallel data output coding is complementary 
binary for unipolar 
ranges and complementary 
offset binary for bipolar ranges. Par- 
allel data becomes valid at least 20 ns before the STATUS flag 
returns to Logic "0", permitting parallel data transfer to be 
clocked on the "1" to "0" transition of the STATUS flag (see 
Figure 8). 


BIT 16 , 
VALID 
r= 
I 
IIL 
20ns MIN TO 90ns ..j ~ 


Serial data coding is complementary 
binary for unipolar input 
ranges and complementary 
offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(nonreturn-to-zero) 
format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran- 
teed valid 120 ns after the rising clock edges, permitting 
serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 9. There are 17 


CLOCK~ 


SERIAL 
I _I 
~ 


OUT~ 
>e= 
-l f.- 30n. TO lZ0n. 
MAX 


negative-going clock edges in the complete 16-bit conversion 
cycle. The first negative edge shifts an invalid bit into the regis- 
ter, which is shifted out on the last negative-going clock edge. 


All serial data bits will have been correctly transferred 
and be in 
the receiving shift register locations shown at the completion of 
the conversion period. 


Short Cycle Input: 
A Short Cycle Input, Pin 32, permits the 


timing cycle shown in Figure 7 to be terminated after any num- 
ber of desired bits has been converted, permitting 
somewhat 
shorter conversion times in applications not requiring full 16-bit 
resolution. When 10-bit resolution is desired, Pin 32 is con- 
nected to Bit 11 output Pin 11. The conversion cycle then ter- 
minates and the STATUS flag resets after the Bit 10 decision 
• 


(timing diagram of Figure 7). Short cycle connections and asso- 
ciated 8-, 10-, 12-, 13-, 14-, and IS-bit conversion times are 
summarized in Table I, for a 1.6 MHz clock (AD 1377) or 
933 kHz clock (AD1376). 


INPUT 
SCALING 
The ADC inputs should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum 
signal resolution of the ND 
converter. Connect the input signal 
as shown in Table II. See Figure 10 for circuit details . 


. 
Maximum 
Maximum 
Conversion 
Conversion 
Connect 
Short 
Resolution 
Time- •.••s 
Time- •.••s 
Status Flag 
Cycle Pin 32 to 
Bits 
(% FSR) 
(ADI377) 
(ADI376) 
Reset 
Pin: 


16 
0.0015 
10 
17.1 
t,• 
N/C (Open) 


IS 
0.003 
9.4 
16.1 
t15 
16 
14 
0.006 
8.7 
15.0 
t,. 
IS 
13 
0.012 
8.1 
13.9 
tl3 
14 
12 
0.024 
7.5 
12.9 
t'2 
13 
10 
0.100 
6.3 
10.7 
tlO 
11 
8 
0.390 
5.0 
8.6 
ts 
9 


Input 
Connect 
Connect 
Connect 
Signal 
Output 
Pin 26 
Pin 24 
Input 
Line 
Code 
to Pin 
to 
Signal to 


±1O V 
COB 
27 
Input 
24 
Signal 


±S V 
COB 
27 
Open 
25 


±2.S V 
COB 
27 
Pin 27 
25 
o V to +5 V 
CSB 
22 
Pin 27 
25 
o V to +10 V 
CSB 
22 
Open 
25 
o V to +20 V 
CSB 
22 
Input 
24 
Signal 


Code Under Test 
Low Side Transition 
Values 
MSB 
LSB 
Range 
±10 V 
±5V 
±2.5 V 
OVto+lOV 
o V to +5 V 


000 
· . 000· 
+ Full Scale 
+10 V 
+5 V 
+2.5 V 
+10 V 
+5 V 
-3/2 
LSB 
-3/2 
LSB 
-3/2 LSB 
-3/2 
LSB 
-312 LSB 


011 
· . 111 
Mid Scale 
0-1/2 LSB 
0-1/2 LSB 
0-1/2 LSB 
+5 V-1/2 LSB 
+2.5 V-112 LSB 
III 
· . 110 
- Full Scale 
-10 V 
-5 V 
-2.5 
V 
OV 
OV 
+112 LSB 
+1/2 LSB 
+1/2 LSB 
+ 112LSB 
+1/2 LSB 


Analog Input 
Voltage Range 
±1O V 
±5 V 
±2.5 V 
o V to +10 V 
o V to +5 V 


Code 
COB· 
COB· 
COB· 
Designation 
or CTC·· 
or CTC·· 
or CTC·· 
CSB··· 
CSB··· 


One Least 
FSR 
20 V 
10V 
5V 
10 V 
5V 
Significant 
-- 
-- 
-- 
- 
-- 
- 
2" 
2" 
2" 
2" 
2" 
2" 
Bit (LSB) 


n = 8 
78.13 mV 
39.06 mV 
19.53 mV 
39.06 mV 
19.53 mV 
n = 10 
19.53 mV 
9.77 mV 
4.88 mV 
9.77 mV 
4.88 mV 
n = 12 
4.88 mV 
2.44 mV 
1.22 mV 
2.44mV 
1.22 mV 
n = 13 
2.44mV 
1.22 mV 
0.61 mV 
1.22 mV 
0.61 mV 
n = 14 
1.22 mV 
0.61 mV 
0.31 mV 
0.61 mV 
0.31 mV 
n = 15 
0.61 mV 
0.31 mV 
0.15 mV 
0.31 mV 
0.15 mV 


NOTES 
*COB = Complementary 
Offset 
Binary. 
**CTC = Complementary 
Twos Complement 
- 
achieved by using an inverter to complement 
the most significant 
bit to 
product 
(MSB). 
***CSB 
= Complementary 
Straight 
Binary. 


Zero is now calibrated. 
Set analog input to + FSR - 2 LSB = 
+ 9.99878 V. Adjust Gain for 00000000000001 digital output 
code; full scale (Gain) is now calibrated. Half scale calibration 
check: set analog input to +5.00000 V; digital output code 
should be 01111111111111. 


r- 
25 lOVSP:~ 


I 
3.75.11 
L 
24 


BIPOLAR 
~~~~ 
COMPARATOR 


OFFSET 
~ 
•• 
---- 
VREF 


ANALOG f22\-- 
COMMON~ 


CALmRATION 
(14-Bit Resolution 
Examples) 
External ZERO AD] and GAIN AD] potentiometers, 
connected 
as shown in Figures 11 and 12, are used for device calibration. 
To prevent interaction of these two adjustments, 
Zero is always 
adjusted first and then Gain. Zero is adjusted with the analog 
input near the most negative end of the analog range (0 for uni- 
polar and - FS for bipolar input ranges). Gain is adjusted with 
the analog input near the most positive end of the analog range. 
o V to + 10 V Range: 
Set analog input to + 1 LSBl4 = 
0.00061 V. Adjust Zero for digital output 
= 11111111111110. 


Figure 
11. Analog 
and Power Connections 
for Unipolar 
o V to + 10 V Input Range 


-10 V to +10 V Range: 
Set analog input to -9.99878 
V; ad- 
just zero for 1111111111110 digital output (complementary 
off- 


set binary) code. Set analog input to 9.99756 V; adjust Gain for 
0סס ooo00ooo001 digital output (complementary 
offset binary) 


code. Half scale calibration check: set analog input to 0.00000 V; 
digital output (complementary 
offset binary) code should be 
Olllllllllllli. 


Figure 
12. Analog 
and Power 
Connections 
for Bipolar 


+ 10 V to + 10 V Input 
Range 


Other Ranges: Representative 
digital coding for 0 V to + 10 V 
and -10 V to + 10 V ranges is given above. Coding relation- 
ships and calibration points for 0 V to +5 V, -2.5 
V to +2.5 V 


and - 5 V to + 5 V ranges can be found by halving proportion- 
ally the corresponding 
code equivalents listed for the 0 V to 


+ 10 V and -10 V to + 10 V ranges, respectively, as indicated in 
Table III. 


Zero and full-scale calibration can be accomplished to a preci- 
sion of approximately:!: 
1/2 LSB using the static adjustment pro- 
cedure described above. By summing a small sine or triangular 
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes of 
interest to more accurately determine the center (or end points) 
of each discrete quantization 
level. A detailed description of this 


dynamic calibration technique is presented in Analog-Digital 
Conversion Handbook, 
edited by D. H. Sheingold, Prentice- 
Hall, Inc., 1986. 


GROUNDING, 
DECOUPLING 
AND LAYOUT 
CONSIDERATIONS 
Many data-acquisition 
components have two or more ground 
pins which are not connected together within the device. These 
"grounds" 
are usually referred to as the Logic Power Return, 


Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (Pins 19 and 22) must be tied together 
at one point for the ADC as close as possible to the converter. 
Ideally, a single solid analog ground plane under the converter 
would be desirable. Current flows through the wires and etch 
stripes of the circuit cards, and since these paths have resistance 
and inductance, 
hundreds of millivolts can be generated berween 
the system analog ground point and the ground pins of the 
ADC. Separate wide conductor stripe ground returns should be 
provided for high resolution converters to minimize noise and 
IR losses from the current flow in the path from the converter 


to the system ground point. In this way ADC supply currents 
and other digital logic-gate return currents are not summed into 
the same return path as analog signals where they would cause 
measurement 
errors. 


Each of the ADC supply terminals should be capacitively decou- 
pled as close to the ADC as possible. A large value capacitor 
such as 1 fLF in parallel with a 0.1 fLF capacitor is usually suffi- 
cient. Analog supplies are to be bypassed to the Analog Power 
Return pin and the logic supply is bypassed to the Logic Power 
• 
Return pin. 


The metal cover is internally grounded with respect to the 
power supplies, grounds and electrical signals. Do not externally 
ground the cover. 


CLOCK 
RATE CONTROL 
The AD1376 and ADI377 may be operated at faster conversion 
times by connecting the Clock Rate Control (Pin 23) to an exter- 
nal multi turn trim potentiometer 
(TCR <100 ppmrC) 
as shown 
in Figure 13. 


Figure 
13. Clock Rate Control 
Circuit. 
AD1376 
Clock 
Fre- 
quencies 
are 1.4 MHz (+5 V) and 
1040 kHz (DGND). 


HIGH RESOLUTION 
DATA ACQUISITION 
SYSTEM 
The essential details of a high resolution data acquisition system 
using the AD386 and AD1376 or AD1377 are shown in Figure 
14. Conversion is initiated by the falling edge of the CONVERT 
START pulse. This edge drives the AD 1376's or AD1377's 
STATUS line high. The inverter then drives the AD386 into 
hold mode. STATUS remains high throughout 
the conversion 


and returns low once the conversion is completed. This allows 
the AD386 to reenter track mode. 


This circuit can exhibit nonlinearities arising from transients 
produced at the AID's input by the falling edge of CONVERT- 
START. This edge resets the AID's internal DAC; the resulting 
transient depends on the SHA's present output voltage and the 
AID's prior conversion result. In the circuit of Figure 14 the 
falling edge of CONVERT-START 
also places the SHA into 


hold mode (via the AID's STATUS output), 
causing the reset 


transient to occur at the same moment as the SHA's track-and- 
hold transition. 
Timing skews and capacitive coupling can cause 
some of the transient signal to add to the signal being acquired 
by the SHA, introducing 
nonlinearity. 


A much safer approach is to add a flip flop as shown in Figure 
15. The rising edge of CONVERT 
START places the TIH into 


hold mode before the AID reset transients begin. The falling 
edge of STATUS places the AD386 back into track mode. Sys- 
tem throughput 
will be reduced if a long CONVERT 
START 
pulse is used. Throughput 
can be calculated from 


Throughput = T 
T 
T 
ACQ + 
CONI' + 
cs 


where T ACQ is the TIH acquisition time, T CONV 
is the time re- 


quired for the AID conversion, and Tcs is the duration of CON- 
VERT START. The combination of the AD1376 and AD386 


ANALOG 
INPUT 
-10VTO 
+10V 


will provide greater than 50 kHz throughput. 
No significant 
TIH droop error will be introduced 
provided the width of CON- 
VERT START is small compared with the AID's conversion 
time. 


Using the AD1376 or AD1377 at Slower Conversion 
Times 
The user may wish to run the ADC at slower conversion times 
in order to synchronize the AID with an external clock. This is 
accomplished by running a slower clock than the internal clock 
into the START CONVERT 
input. This clock must consist of 
narrow negative-going clock pulses, as seen in Figure 16. The 
pulse must be a minimum of 100 ns wide but not greater than 
700 ns. Having a rising edge immediately after a falling edge 
inhibits the internal clock pulse. This enables the ADC to func- 
tion normally and complete a conversion after 17 clock pulses. 
The STATUS command will function normally and switch high 
after the first clock pulse and will fall low after the 17th clock 
pulse. In this wayan 
external clock can be used to control the 
ADC at slower conversion times. 
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I 
FEATURES 
Complete 16-Bit Converter with Reference 
and Clock 
±0.003% Maximum Nonlinearity Over Temperature 
Available with MIL-STD-883 Screening 
Fast Conversion - 17 fLsMaximum (16 Bit) 
Short Cycle Capability 
Parallel and Serial Outputs 
Low Power: 800 mW Maximum 
Industry Standard Pin Out 
Specified Over Military Temperature Range 


PRODUCT DESCRIPTION 
The AD 1378 is a high resolution 16-bit hybrid IC analog-to- 
digital converter including reference, clock and laser-trimmed 
thin-film components. 
It is packaged in a compact 32-pin, ce- 
ramic DIP. The thin-film scaling resistors allow analog input 
ranges of :!:2.5 V, :!:5 V, :!:10 V, 0 to +5 V, 0 to +10 V, and 
o to +20 V. 


Important performance characteristics of the devices are maxi- 
mum linearity error of :!:0.003% of FSR, and maximum 14-bit 
conversion time of 15 fLS. This performance is due to innovative 
design and the use of proprietary monolithic Df A converter 
chips. Laser-trimmed 
thin-film resistors provide the linearity 
and wide temperature 
range for no missing codes. 


The ADI378 provides data in parallel and serial form with cor- 
responding clock and status outputs. All digital inputs and out- 
puts are TTL compatible. 


APPLICATIONS 
The AD1378 is excellent for use in applications requiring 
14-bit 
accuracy over extended temperature 
ranges. Typical applications 
include multichannel data acquisition systems, servo control sys- 
tems and anywhere that excellent stability and wide dynamic 
range in the smallest space is required. The device may be short 
cycled to achieve 14-bit conversions in 15 fLS. 


Complete, Wide Temperature 
16-Bit AID Converter 


AD1378 
I• 


PRODUCT HIGHLIGHTS 
I. The AD1378 provides 16-bit resolution with maximum lin- 
earity error less than :!:0.003% (:!:0.006% for S grade) at 
+25°C. 


2. Conversion time is 14 fLS typical to 14 bits with short cycle 
capability, and 16 fLS to 16 bits. 


3. Two binary codes are available on the ADI378 output. They 
are complementary 
straight binary (CSB) for unipolar input 
voltage ranges and complementary 
offset binary (COB) for 
bipolar input ranges. Complementary 
twos complement 


(CTC) coding may be obtained by inverting Pin I (MSB). 


4. The proprietary ICs used in this hybrid design provide excel- 
lent stability over temperature 
and lower chip count for im- 
proved reliability. 


5. The AD 1378 includes an internal reference and clock, with 
external clock adjust pin, and a serial output. 


AD1378 - 
SPECIFICATIONS 
(typical at T, = +25°C, Vs = ±15, +5 V unless otherwise noted) 


Model 
AD1378SD 
AD1378TD 
Units 


RESOLUTION 
16 (max) 
* 
Bits 


ANALOG INPUTS 
Voltage Ranges 
Bipolar 
±2.S, ±5, ±10 
* 
Volts 


Unipolar 
o to +5,0 
to +10, 0 to +20 
* 
Volts 
Impedance (Direct Input) 


o to +5 V, ±2.5 V 
1.88 
* 
kfi 
Oto +IOV, 
±5.0V 
3.75 
* 
ill 
Oto +20V, 
±IOV 
7.50 
* 
kfi 


DIGITAL INPUTS' 
Conven Conunand 
Positive Pulse SOos Wtde (min) Trailing Edge Initiates Conversion 
Logic Loading 
I 
* 
LS TTL Load 


TRANSFER CHARACTERISTICS' 


ACCURACY 
Gain Error 
±0.05' (±O.I max) 
* 
% 


Offset Error 
Unipolar 
±0.05' (±O.I max) 
* 
% of FSR' 
Bipolar 
±0.05' (±0.2 max) 
* 
% ofFSR 
Linearity Error (max) 
±0.006 
±0.003 
% ofFSR 
Inherent Quantization Error 
±l/2 
* 
LSB 
Differential Linearity Error 
±0.003 
* 
% ofFSR 


POWER SUPPLY SENSITIVITY 
±15 V de (±0.75 V) 
0.001 (0.003 max) 
* 
% of FSR/% AVs 


+5 V de (±0.25 V) 
0.001 (0.005 max) 
* 
% of FSR/% AVs 


CONVERSION TIME' 


14 Bits 
14 (IS max) 
* 
ILs 
16 Bits 
16 (17 max) 
* 
fLS 


WARM-UP TIME 
I 
* 
Minutes 


DRIFT 
Gain 
±15 (max) 
±5 (±15 max) 
ppm?C 
Offset 
Unipolar 
±2 (±4 max) 
±2 (±4 max) 
ppm ofFSRrC 
Bipolar 
±1O (max) 
±3 (±1O max) 
ppm ofFSRrC 
Linearity 
±2 (3 max) 
±0.3 (2 max) 
ppmofFSRrC 
Guaranteed No Missing Code 
Temperature Range 
-55 to + 125 (13 Bits) 
-55 to + 125 (14 Bits) 
'C 


DIGITAL OUTPUT I 


(All Codes Complementary) 


ParaUel & Serial 
Output Codes6 
Unipolar 
CSB 
* 
Bipolar 
COB,CTC' 
* 
Output 
Drive 
5 
* 
LSTTL Loads 
Status 
Logic "I" During Conversion 
* 
Status Output 
Drive 
5 (max) 
* 
LSTTL Loads 


Internal Clock' 


Clock Output Drive 
5 (max) 
* 
LSTTL Loads 
Frequency 
1040 
* 
kHz 


POWER SUPPLY REQUIREMENTS 
Power Consumption 
645 (800 max) 
* 
mW 
Rated Voltage, Analog 
± 15 ±0.75 (max) 
* 
V de 


Rated Voltage, Digital 
+5 ±0.25 (max) 
* 
V de 
Supply Drain + 15 V de 
+25 (max) 
* 
mA 
Supply Drain -15 V de 
-40 (max) 
* 
mA 
Supply Drain + 5 V de 
+25 (max) 
* 
mA 


TEMPERATURE 
RANGE 
Specification 
-55 to + 125 
* 
'C 
Slorage 
-65 to + 150 
* 
'C 


NOTES 
'Logic "0" = 0.8 V, max. Logic "I" = 2.0 V, min for inputs. 
For digital Outputs 
Logic "0" = +0.4 V max. Logic "I" = 2.7 V min. 


2Testcd 
on 
:!: 10 V and 0 to + 10 V ranges. 


3Adjustable 
to zero. 


4FulJ-Scale 
Range. 
5Conversion 
time may be shortened 
with "Short 
Cycle" 
set for lower resolution. 
6<:SB - Complementary 
Straight 
Binary. 
COB - Complementary 
Offset 
Binary. 
CTC - Complementary 
Twos Complement. 
'CTe coding 
obtain~ 
by inv~rtin8 
MSB (Pin 
J). 


'With 
Pin 23, clock rate controls 
tied to digital 
ground. 


*Spccifications 
same as AD1378SD. 
Spccification.~ 
subject 
to change 
without 
notice. 


ABSOLUTE 
MAXIMUM 
RATINGS* 
Supply Voltage 
±18V 


Logic Supply Voltage 
+7 V 


Analog Inputs (Pins 24 & 25) 
±25 V 


Digital Inputs 
+5.5 V 
Junction Temperature 
+ l75·C 
Storage Temperature 
-65·C to + 150°C 
Lead Temperature 
(Soldering, 10 see) 
+ 300·C 


·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi· 
cated in the operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions 
for extended periods may affect 
device reliability. 


Max 
Linearity 
Temperature 
Model 
Error 
Range 
Package Option* 


AD1378SD 
0.006% FSR 
-55·C to +125·C 
Ceramic DH-32E 
ADI378TD 
0.003% FSR 
-55·C to +125·C 
Ceramic DH-32E• 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


THEORY 
OF OPERATION 
A l6-bit conversion AiD converter partitions the range of analog 
inputs into 216 discrete ranges or quanta. All analog values 
within a given quantum are represented by the same digital 
code, usually assigned to the nominal midrange value. There is 
an inherent quantization uncertainty of ± 1/2 LSB, associated 
with the resolution, in addition to the actual conversion errors. 
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The actual conversion errors that are associated with AiD 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the converter have been 
minimized by the use of monolithic DACs that include the scal- 
ing network. The initial gain and offset errors are specified at 
±0.2% FSR for gain and ±O.l% FSR for offset. These errors 
may be trimmed to zero by the use of external trim circuits as 
shown in Figures 3 and 4. Linearity error is defmed for unipolar 
ranges as the deviation from a true straight line transfer charac- 
teristic from a zero voltage analog input, which calls for a zero 
digital output, 
to a point which is defmed as a full scale. The 


linearity error is based on the DAC resistor ratios. It is unad- 
justable and is the most meaningful indication of AiD converter 
accuracy. Differential nonlinearity is a measure of the deviation 
in the staircase step width between codes from the ideal least 
significant bit step size (Figure 2). 


Monotonic behavior requires that the differential linearity error 
be less than I LSB, however a monotonic converter can have 
missing codes; the AD1378 is specified as having no missing 
codes over temperature 
ranges as specified on the data page. 


There are three types of drift error over temperature: 
offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right on the diagram over the operating 
temperature 
range. Gain drift causes a rotation of the transfer 
characteristic about the zero for unipolar ranges or minus full 
scale point for bipolar ranges. The worst case accuracy drift is 
the summation of all three drift errors over temperature. 
Statis- 
tically, however, the drift error behaves as the root-sum-squared 
(RSS) and can be shown as: 


RSS=yeG2 
+ e02+eL2 


eG = Gain Drift Error (ppmrC) 
eo = Offset Drift Error (ppm of FSRrC) 
eL = Linearity Error (ppm of FSRrC) 


000 
iu 
a>0u 
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011 .. 
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binary number. This conversion is accomplished as follows: the 
16-bit successive-approximation 
register (SAR) has its 16-bit 
outputs connected both to the device bit output pins and to the 
corresponding bit inputs of the feedback DAC. The analog in- 
put is successively compared to the feedback DAC output, one 
bit at a time (MSB first, LSB last). The decision to keep or re- 
ject each bit is then made at the completion of each bit compari- 
son period, depending on the state of the comparator at that 
time. 


GAIN ADJUSTMENT 
The gain adjust circuit consists of a 100-ppml"C potentiometer 
connected across ±Vs with its slider connected through a 
300-kD. resistor to the gain adjust Pin 29 as shown in Figure 3. 


If no external trim adjustment is desired, Pin 27 (offset adj) and 
Pin 29 (gain adj) may be left open. 


+15V 


l00kfi 
100 ppm/-c 
TO 
l00kfi 


OFFSET 
ADJUSTMENT 
The zero adjust circuit consists of a 100-ppml"C potentiometer 
connected across ± Vs with its slider connected through a 
1.8-MD. resistor to Comparator Input Pin 27 for all ranges. As 
shown in Figure 4, the tolerance of this fixed resistor is not 
critical, and a carbon composition type is generally adequate. 
Using a carbon composition resistor having a -12oo-ppml"C 
tempco contributes a worst-case offset tempco of 32 LSB'4 x 
61 ppm/LSBI4 
x 1200 ppml"C = 2.3 ppml"C of FSR, if the 
OFFSET 
AD] potentiometer 
is set at either end of its adjust- 


ment range. Since the maximum offset adjustment required is 
typically no more than ± 16 LSBl4> use of a carbon composition 
offset summing resistor typically contributes no more than 
I ppml"C of FSR offset tempco. 


+15V 


10kfi~'8Mfi 
TO 
27 
l00kfi 
------- 
-15V 


Figure 4. Offset Adjustment 
Circuit 
(±0.3% 
FSR) 


An alternate offset adjust circuit, which contributes negligible 
offset tempco if metal ftlm resistors (tempco <100 ppml"C) are 
used, is shown in Figure S. 


+15V 


OFFSET 
l~~fi 
ADJ l00kfi 


TIMING 
The timing diagram is shown in Figure 6. Receipt of a 
CONVERT 
START signal sets the STATUS flag, indicating 
conversion in progress. This, in turn, removes the inhibit ap- 
plied to the gated clock, permitting it to run through 17 cycles. 
All the SAR parallel bits, STATUS flip-flops, and the gated 
clock inhibit signal are initialized on the trailing edge of the 
CONVERT 
START signal. At time to, B, is reset and B2 - B1• 


are set unconditionally. 
At t, the Bit I decision is made (keep) 


and Bit 2 is reset unconditionally. 
This sequence continues until 
the Bit 16 (LSB) decision (keep) is made at t, •. The STATUS 
flag is reset, indicating that the conversion is complete and that 
the parallel output data is valid. Resetting the STATUS flag 
restores the gated clock inhibit signal, forcing the clock output 
to the low Logic "0" state. Note that the clock remains low un- 
til the next conversion. 


Corresponding parallel data bits become valid on the same 
positive-going clock edge. 


NOTES 
1. Tl4E CONVt:RT 
STA.RT PUlSf 
WtDnt 
IS 50 n. MIN 
AND 
MUST 
REMAIN 
lOW 
DURING 
A CONVERSION. 
THE 
CONVERSK>N 
IS IHmATED 
BY THE 
"TAAIUNG 
EDGE" 
OF 
THE 
CONVERT 
COMMAND. 


2. 15~. FOR 
'4 
BITS 
AND 
14 fl' FOR 
13 8fTS 
lMAXI. 


3. 
MSB 
DEaSlON. 


.•• Cloac 
REMAINS 
LOW 
AFT(R 
LAST 
81T DECISION. 


Figure 6. Timing 
Diagram 
(Binary 
Code 
0110011101111010) 


DIGITAL OUTPUT 
DATA 
Both parallel and serial data from TTL storage registers is in 
negative true form (Logic "I" = 0 V and Logic "0" = 2.4 V). 
Parallel data output coding is complementary 
binary for unipolar 
ranges and complementary offset binary for bipolar ranges. Par- 
allel data becomes valid at least 20 ns before the STATUS flag 
returns to Logic "0", permitting parallel data transfer to be 
clocked on the "I" 
to "0" transition of the STATUS flag (see 
Figure 7). 


BIT 16 
, 
VALID 
r= 
I 
IIL 
20ns 
MIN 
TO 90ns ...j 
~ 


Serial data coding is complementary 
binary for unipolar input 
ranges and complementary 
offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) 
format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran- 
teed valid 120 ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 8. There are 17 
negative-going clock edges in the complete 16-bit conversion 
cycle. The first negative edge shifts an invalid bit into the regis- 
ter, which is shifted out on the last negative-going clock edge. 
All serial data bits will have been correctly transferred and be in 
the receiving shift register locations shown at the completion of 
the conversion period. 


CLOCK~ 


SERIAL 
I 
_I 
_ 


OUT~ 
x== 


...j f.- 30ns 
TO 120ns 
MAX 


Short Cycle Input: A Short Cycle Input, Pin 32, permits the 
timing cycle shown in Figure II to be terminated after any 
number of desired bits has been converted, permitting some- 
what shorter conversion times in applications not requiring full 
16-bit resolution. When IO-bit resolution is desired, Pin 32 is 
connected to Bit II output Pin 11. The conversion cycle then 
terminates and the STATUS flag resets after the Bit 10 decision 
(timing diagram of Figure 5). Short cycle connections and asso- 
ciated 8-, 10-, 12-, 13-, 14- and IS-bit conversion times are sum- 
marized in Table I, for a 933 kHz clock. 


Maximum 
Connect 
Short 
Resolution 
Conversion 
Status Flag 
Cycle Pin 32 to 
Bit 
(%FSR) 
Time (l1s) 
Reset 
Pin: 


16 
0.0015 
17.1 
tl6 
N/C (Open) 


IS 
0.003 
16.1 
tIS 
16 
14 
0.006 
15.0 
t,. 
15 
13 
0.012 
13.9 
tl3 
14 
12 
0.024 
12.9 
t" 
13 
10 
0.100 
10.7 
tJO 
II 
8 
0.390 
8.6 
t. 
9 • 


INPUT 
SCALING 
The AD 1378 inputs should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum 
signal resolution of the ND converter. Connect the input signal 
as shown in Table II. See Figure 9 for circuit details. 


'OV 
SPAN 
r 
25 
R2 
I 
3.7S kG 
L 
24 


k 
COMPARATOR 


BIPOLAR 
I.:::\ 
!:~:~ 
OFFSET 
~ 
.•.y...---- VREF 


ANALOG t22'---- 
COMMON~ 


Input 
Connect 
Connect 
Connect 
Signal 
Output 
Pin 26 
Pin 24 
Input 
Line 
Code 
to Pin 
to 
Signal to 


:t1O V 
COB 
27 
Input 
24 
Signal 


:t5 V 
COB 
27 
Open 
25 


:t2.5 V 
COB 
27 
Pin 27 
25 
o V to +5 V 
CSB 
22 
Pin 27 
25 
OVto+IOV 
CSB 
22 
Open 
25 
o V to +20 V 
CSB 
22 
Input 
24 
Signal 


Code Under Test 
Low Side Transition Values 


MSB 
LSB 
Range 
±IO V 
±5 V 
±2.5 V 
Oto+IOV 
o to +5 V 


000 ... 
000* 
+Full Scale 
+10 V 
+5V 
+2.5 V 
+10 V 
+5 V 


-3/2 
LSB 
-3/2 
LSB 
-3/2 
LSB 
- 
3/2 LSB 
-3/2 
LSB 


Oil ... 
III 
Midscale 
0-112 LSB 
0-112 LSB 
0-112 LSB 
+5 V-1I2 LSB 
+2.5 V-1I2 LSB 


III 
... 
110 
-Full 
Scale 
-10 V 
-5 V 
-2.5 
V 
OV 
OV 
+ 112LSB 
+1/2 LSB 
+ 112LSB 
+ 1/2 LSB 
+ 112LSB 


Analog Input 
Voltage Range 
±IO V 
±5 V 
±2.5 V 
OVto+IOV 
o V to +5 V 


Code 
COB* 
COB" 
COB* 
Designation 
or CTC** 
or CTC** 
or CTC** 
CSB*** 
CSB*** 


One Least FSR 
FSR 
20V 
10V 
5V 
IOV 
5V 
Significant 
-- 
-- 
- 
- 
- 
- 


(Bit LSB) 
2" 
20. 
2" 
2" 
2" 
2" 


n = 8 
78.13 mV 
39.06 mV 
19.53 mV 
39.06 mV 
19.53 mV 
n= 
10 
19.53 mV 
9.77 mV 
4.88 mV 
9.77 mV 
4.88 mV 
n= 
12 
4.88 mV 
2.44 mV 
1.22 mV 
2.44 mV 
1.22 mV 
n= 
13 
2.44 mV 
1.22 mV 
0.61 mV 
1.22 mV 
0.61 mV 
n= 
14 
1.22 mV 
0.61 mV 
0.31 mV 
0.61 mV 
0.31 mV 
n= 
15 
0.61 mV 
0.31 mV 
0.15 mV 
0.31 mV 
0.15 mV 


NOTES 
·COB 
= Complementary 
Offset 
Binary. 


**CTC 
= Complementary 
Twos 
Complement 
- achieved 
by using 
an inverter 
to complement 
the most significant bit to produce (MSB). 
***CSB 
= Complementary 
Straight 
Binary. 


CALIBRATION 
(14·Bit Resolution 
Examples) 
External ZERO ADJ and GAIN ADJ potentiometers, 
connected 


as shown in Figures 3 and 4, are used for device calibration. To 
prevent interaction of these two adjustments, 
Zero is always ad- 
justed first and then Gain. Zero is adjusted with the analog in- 
put near the most negative end of the analog range (0 for 
unipolar and - FS for bipolar input ranges). Gain is adjusted 
with the analog input near the most positive end of the analog 
range. 


o to + 10 V Range: Set analog input to + I LSBl4 = 0.00061 V. 
Adjust Zero for digital output = 11111111111110. Zero is now 
calibrated. Set analog input to +FSR 
- 2 LSB = + 9.99878 V. 


Adjust Gain for 00000000000001 digital output code; full-scale 
(Gain) is now calibrated. 
Half-scale calibration check: set analog 
input to +5.00000 V; digital output code should be 
01111111111111. 


NOTE: 
ANALOG 
(~I 
AND 
DIGITAL 
1*' 
GNOS 


ARE 
NOT 
TIED 
INTERNAllY 
ANO 
MUST 
BE 


CONNECTED 
EXTERNALLY, 


Figure 
10. Analog 
and Power 
Connections 
for Unipolar 
0 
to + 10 V Input 
Range 


-10 V to + 10 V Range: Set analog input to -9.99878 
V; ad- 
just zero for 1111111111110 digital output (complementary 
off- 


set binary) code. Set analog input to 9.99756 V; adjust Gain for 
0סס oo000000001 digital output (complementary 
offset binary) 


code. Half-scale calibration check: set analog input to 
0.00000 V; digital output (complementary 
offset binary) code 
should be 01111111111111. 


NOTIE: ANALOG 1"'1 
AND DIGITAL I. 
J GNDS 
-11V 


AAE 
NOT 
TIED 
INTERNALLY 
AND 
MUST 
BE 


CONNECTED 
EXTERNALLY. 


Figure 
11. Analog 
and Power 
Connections 
for Bipolar 
-10 
V to + 10 V Input 
Range 


Other Ranges: Representative 
digital coding for 0 to + 10-V and 


-IO-V to + IO-V ranges is given above. Coding relationships 
and calibration points for 0 to +5-V, -2.5-V 
to +2.5-V and 


- 5-V to + 5-V ranges can be found by halving proportionally 
the corresponding 
code equivalents listed for the 0 to + 10-V 
and -IO-V to + IO-V ranges, respectively, as indicated in 
Table III. 


Zero and full-scale calibration can be accomplished to a preci- 
sion of approximately 
± 1/2 LSB using the static adjustment pro- 


cedure described above. By summing a small sine or triangular 
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes of 
interest to more accurately determine the center (or end points) 
of each discrete quantization 
level. A detailed description of this 
dynamic calibration technique is presented in Analog-Digital 
Conversion Handbook, 
edited by D. H. Sheingold, Prentice-Hall, 


Inc., 1986. 


GROUNDING, 
DECOUPLING 
AND LAYOUT 
CONSIDERATIONS 
Many data-acquisition 
components have two or more ground 
pins which are not connected together within the device. These 
"grounds" 
are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (Pins 19 and 22) must be tied together 
at one point for the AD 1378 as close as possible to the con- 
verter. Ideally, a single solid analog ground plane under the con- 
verter would be desirable. Current flows through the wires and 
etch stripes of the circuit cards, and since these paths have resis- 
tance and inductance, 
hundreds of millivolts can be generated 
between the system analog ground point and the ground pins of 
the AD1378. Separate wide conductor stripe ground returns 
should be provided for high resolution converters to minimize 
noise and IR losses from the current flow in the path from the 
converter to the system ground point. In this way AD1378 sup- 


ply currents and other digital logic-gate return currents are not 
summed into the same return path as analog signals where they 
would cause measurement 
errors. 


Each of the AD 1378 supply terminals should be capacitively 
decoupled as close to the AD 1378 as possible. A large value ca- 
pacitor such as I flF in parallel with a 0.1 flF capacitor is usu- 
ally sufficient. Analog supplies are to be bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Logic 
Power Return pin. 


The metal cover is internally grounded with respect to the 
• 
power supplies, grounds and electrical signals. Do not externally 
ground the cover. 


CLOCK RATE CONTROL 
The AD1378 may be operated at faster conversion times by con- 
necting the Clock Rate Control (Pin 23) to an external multiturn 
trim potentiometer 
(TCR <100 ppmJ"C) as shown in Figures 12 


and 13. The integral linearity and differential linearity errors 
will vary with speed as shown in Figure I. 
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HIGH RESOLUTION 
DATA ACQUISITION 
SYSTEM 
The essential details of a high resolution data acquisition system 
using the AD386 and AD1378 are shown in Figure 14. Conver- 
sion is initiated by the falling edge of the CONVERT 
START 
pulse. This edge drives the AD 1378's STATUS line high. The 
inverter then drives the AD386 into hold mode. STATUS re- 
mains high throughout 
the conversion and returns low once the 


conversion is completed. This allows the AD386 to reenter track 
mode. 


This circuit can exhibit nonlinearities arising from transients 
produced at the AID's input by the falling edge of CONVERT- 
START. This edge resets the AID's internal DAC; the resulting 
transient depends on the SHA's present output voltage and the 
AID's prior conversion result. In the circuit of Figure 14 the 
falling edge of CONVERT-START 
also places the SHA into 


hold mode (via the AID's STATUS output), causing the reset 
transient to occur at the same moment as the SHA's track-and- 


hold transition. Timing skews and capacitive coupling can cause 
some of the transient signal to add to the signal being acquired 
by the SHA, introducing nonlinearity. 


ANALOG 
INPUT 
-10VTO 
+10V 


A much safer approach is to add a flip flop as shown in Figure 
IS. The rising edge of CONVERT 
START places the T/H into 


hold mode before the AID reset transients begin. The falling 
edge of STATUS places the AD386 back into track mode. Sys- 
tem throughput 
will be reduced if a long CONVERT 
START 
pulse is used. Throughput 
can be calculated from 


Throughput 
= 
TAcQ 
+ 
TCONV + Tcs 


where T ACQ is the T/H acquisition time, T CONY 
is the time re- 
quired for the AID conversion, and Tcs is the duration of CON- 
VERT START. The combination of the ADI378 and AD386 
will provide greater than 50 kHz throughput 
over the full mili- 
tary temperature 
range. No significant TIH droop error will be 


introduced provided the width of CONVERT 
START is small 
compared with the AID's conversion time. 


Using the AD1378 at Slower Conversion 
Times 
The user may wish to run the AD1378 at slower conversion 
times in order to synchronize the AID with an external clock. 
This is accomplished by running a slower clock than the internal 
clock into the START CONVERT 
input. This clock must con- 
sist of narrow negative-going clock pulses, as seen in Figure 16. 
The pulse must be a minimum of 100 ns wide but not greater 
than 700 ns. Having a rising edge immediately after a falling 
edge inhibits the internal clock pulse. This enables the AD1378 
to function normally and complete a conversion after 17 clock 
pulses. The STATUS command will function normally and 
switch high after the first clock pulse and will fall low after the 
17th clock pulse. In this wayan external clock can be used to 
control the ADI378 at slower conversion times. 
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I 
FEATURES 
Complete Sampling 16-Bit ADC With Reference 
and Clock 
50kHz Throughput 
±1I2LSB Nonlinearity 
Low Noise SHA: 300".v pop 
32-Pin Hermetic DIP 
Parallel and Serial Outputs 
Low Power: 900mW 


APPLICATIONS 
Medical and Analytical Instrumentation 
Signal Processing 
Data Acquisition 
Systems 
Professional Audio 
Automatic Test Equipment (ATE) 
Telecommunications 


PRODUCT 
DESCRIPTION 
The ADI380 is a complete, low cost 16-bit analog-to-digital con- 
verter, including internal reference, clock and samplelhold 
amplifier. Internal thin-film-on-silicon 
scaling resistors allow 


analog input ranges of ±2.SV, 
±SV, ±IOV, 0 to +SV and 0 to 


+IOV. 


Important 
performance characteristics of the AD 1380 include 
maximum linearity error of ±0.003% of FSR (ADI380KD) 
and 
maximum 16-bit conversion time of 141J.s.Transfer characteris- 
tics of the ADI380 (gain, offset and linearity) are specified for 
the combined ADC/SHA, so total performance is guaranteed as 
a system. The AD 1380 provides data in parallel and serial form 
with corresponding 
clock and status outputs. All digital inputs 
and outputs are TTL or SV CMOS compatible. 


Low Cost 
16-Bit Sampling ADC 


AD1380 
I 


SfH 
10V 
20V 
SUMMING 
GAIN 
OUT 
SPAN 
SPAN 
BIPOLAR 
JUNCTION 
AOJ 


6 
3 • 


Max Linearity 
Temperature 
Package 
Model 
Error 
Range 
Option· 


ADI380JD 
0.006% FSR 
o to +70°C 
Ceramic (DH-32E) 


ADI380KD 
0.003% FSR 
o to +70°C 
Ceramic (DH-32E) 


ABSOLUTE 
MAXIMUM 
RATINGS 
Supply Voltage 
..................••....... 
± 18V 
Logic Supply Voltage 
+7V 
Analog Ground to Digital Ground 
±O.3V 
Analog Inputs (Pins 6, 7, 31) 
±Vs 
Digital Input 
-0.3V 
to Voo +0.3V 
Output Short Circuit Duration to Ground 
Sample/Hold 
Indefinite 
Data 
I see for Any One Output 
Junction Temperature 
+ 175°C 
Storage Temperature 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 
10 see) 
+ 300°C 


AD1380 -SPECIFICATIONS 
(typical @ TA = +25°C: Vs = +15V, +5V combined sample and hold AID 
converter unless otherwise noted) 


Model 
AD1380JD 
AD1380KD 
Units 


RESOLUTION 
16 
• 
Bits 


ANALOG INPUTS 
Bipolar 
±2.5, ±5, ± 10 
• 
Volts 


Unipolar 
Oto+5,Oto+10 
• 
Volts 


DIGITAL 
INPUTS' 
Convert Command 
TTL Compatible 
• 
Trailing Edge of Positive 
SOns(min) Pulse 
Logic Loading 
I 
• 
LSTTL 
Load 


TRANSFER 
CHARACTERISTICS2 


(COMBINED 
ADClSHA) 


Gain Error 
±O.I max, ±0.05 typ3 
• 
% FSR' 


Unipolar Offset Error 
±0.05 max, ±0.02 typ3 
• 
% FSR 
Bipolar Zero Error 
±0.05 max, ±0.02 typ3 
• 
% FSR 
Linearity Error 
±0.006 
±0.003 
% FSR 
Differential Linearity Error 
±0.003 
• 
%FSR 
Noise (IOV Unipolar) 
85 
• 
jl.V rrns 
(20V Bipolar) 
115 
• 
jl.V rrns 


THROUGHPUT 
Conversion Time 
14 max 
• 
jl.s 


Acquisition Time (20V Step) 
6max 
• 
jl.s 


SAMPLE & HOLD 
Input Resistance 
4 
• 
kD. 
Small Signal Bandwidth 
900 
• 
kHz 


Aperture Time 
50 
• 
ns 


Aperture Jitter 
100 
• 
ps rms 


Droop Rate 
50 
• 
jl.V/ms 
Tmin to Tmax 
I 
• 
mV/ms 


Feedthrough 
-80 
• 
dB 


DRIFT 
(ADC & SHA)' 


Gain 
±20 max 
• 
ppml"C 


Unipolar Offset 
±5 max (±2 typ) 
• 
ppml"C 


Bipolar Zero 
±5 max (±2 typ) 
• 
ppml"C 


No Missing Codes (Guaranteed) 
o to + 70 (13 Bits) 
o to + 70 (14 Bits) 
°c 


DIGITAL 
OUTPUTS 
TTL Compatible 
• 
All Codes Complementary 
5 
• 
LSTTL 
Loads 


Clock Frequency 
I.l 
• 
MHz 


POWER SUPPLY REQUIREMENTS 
Analog Supplies 
±15 ±0.5 
• 
Volts 


Digital Supply 
+5 ±0.25 
• 
Volts 
+ 15V Supply Current 
25 
• 
mA 
-15V 
Supply Current 
30 
• 
mA 
+5V Supply Current 
15 
• 
mA 
Power Dissipation 
900 
• 
mW 


TEMPERATURE 
RANGE 
Specified 
o to +70 
• 
°c 


Operating 
-25 to +85 
• 
°c 


NOTE 
lLogic "O"=O.8V, max. Logic "1"=2.0V, 
min for inputs. For digital 
outputs Logic uO"=O.4V 
max. Logic "1" = 2.4V min. 
lTested on :t lOV and 0 to + lOV ranges. 


3Adjustable to zero. 
4Full scale range. 
5Guaranteed but not 100% production tested. 
·Spccifications same as AD1380]D. 


Specificatioo, 
lSubjcct 
(0 change: without 
notice. 


THEORY OF OPERATION 
A 16-bit AID converter partitions the range of analog inputs into 
2'6 discrete ranges or quanta. All analog values within a given 
quantum are represented 
by the same digital code, usually 
assigned to the nominal midrange value. There is an inherent 
quantization 
uncertainty 
of ± 1/2LSB, associated with the resolu- 
tion, in addition to the actual conversion errors. 


The actual conversion errors that are associated with AID con- 
verters are combinations of analog errors due to the linear cir- 
cuitry, matching and tracking properties of the ladder and scal- 
ing networks, reference error and power supply rejection. The 
matching and tracking errors in the converter have been mini- 
mized by the use of monolithic DACs that include the scaling 
network. The initial gain and offset errors are specified at 
±O.I % FSR for gain and ±0.05% FSR for offset. These errors 
may be trimmed to zero by the use of external trim circuits as 
shown in Figures 2 and 3. Linearity error is defined for unipolar 
ranges as the deviation from a true straight line transfer charac- 
teristic from a zero voltage analog input, which calls for a zero 
digital output, to a point which is defined as a full scale. The 
linearity error is based on the DAC resistor ratios. It is unad- 
justable and is the most meaningful indication of AID converter 
accuracy. Differential nonlinearity is a measure of the deviation 
in the staircase step width between codes from the ideal least 
significant bit step size (Figure I). 


Monotonic behavior requires that the differential linearity error 
be less than ILSB, however a monotonic converter can have 
missing codes; the AD 1380 is specified as having no missing 
codes over temperature 
ranges as specified on the data page. 


There are three types of drift error over temperature: 
offset, 


gain and linearity. Offset drift causes a shift of the transfer char- 
acteristic left or right on the diagram over the operating temper- 
ature range. Gain drift causes a rotation of the transfer charac- 
teristic about the zero for unipolar ranges or minus full scale 
point for bipolar ranges. The worst case accuracy drift is the 
summation of all three drift errors over temperature. 
Statisti- 
cally, however, the drift error behaves as the root-sum-squared 
(RSS) and can be shown as: 


RSS = 
VEG2 
+ 
E02 + 
EL3 


EG = Gain Drift Error (ppml"C) 


EO = Offset Drift Error (ppm of FSRrC) 


EL 
= Linearity Error (ppm of FSRrC) 
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DESCRIPTION 
OF OPERATION 
On receipt of a CONVERT 
START command, 
the AD1380 
converts the voltage at its analog input into an equivalent 
16-bit 
binary number. This conversion is accomplished as follows: the 
16-bit successive approximation 
register (SAR) has its 16-bit 
outputs connected both to the device bit output pins and to the 
corresponding 
bit inputs of the feedback DAC. The analog 
input is successively compared to the feedback DAC output, 
one 
bit at a time (MSB first, LSB last). The decision to keep or 
reject each bit is then made at the completion of each bit com- 
parison period, depending on the state of the comparator at that 
time. 
• 
GAIN ADJUSTMENT 
The gain adjust circuit consists of a 100ppml"C potentiometer 
connected across ± Vs with its slider connected through a 300kl1 
resistor to the gain adjust Pin 3 as shown in Figure 2. 


If no external trim adjustment is desired, Pin 5 (OFFSET 
AD]) 


and Pin 3 (GAIN AD]) may be left open. 


10kn 


100ppmfOC 
TO 
l00kn 


OFFSET ADJUSTMENT 
The zero adjust circuit consists of a lOOppml"C potentiometer 
connected across ± Vs with its slider connected through a 
1.8Ml1 resistor to Comparator Input Pin 5 for all ranges. As 
shown in Figure 3, the tolerance of this fixed resistor is not crit- 
ical, and a carbon composition type is generally adequate. Using 
a carbon composition resistor having a - 1200ppml"C tempco 
contributes a worst-case offset tempco of 32LSB'4X 
6lppmlLSB'4x 
1200ppml"C = 2.3ppml"C of FSR, if the OFF- 
SET AD J potentiometer 
is set at either end of its adjustment 


range. Since the maximum offset adjustment 
required is typi- 
cally no more than ± 16LSB'4' use of a carbon composition off- 
set summing resistor typically contributes 
no more than 
Ippml"C of FSR offset tempco. 


+1SV 


10kn~'8Mn 
TO 
5 
l00kn 
------- 
-15V 


An alternate offset adjust circuit, which contributes 
negligible 


offset tempco if metal film resistors (tempco < lOOppml"C) are 
used, is shown in Figure 4. 


In either adjust circuit, the fixed resistor connected to Pin 5 
should be located close to this pin to keep the pin connection 
runs short. Comparator Input Pin 5 is quite sensitive to external 
noise pickup and should be guarded by analog common. 


OFFSET 
l~~n 


AOJ 100kn 


Figure 4. Low 
Tempco 
Zero Adjustment 
Circuit 


TIMING 
The timing diagram is shown in Figure 5. Receipt of a CON- 
VERT START signal sets the STATUS flag, indicating conver- 
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock permitting 
it to run through 17 cycles. All the 


SAR parallel bits, STATUS flip-flops and the gated clock 
inhibit signal are initialized on the trailing edge of the CON- 
VERT START signal. At time to, B1 is reset and B2 - BI6 are 
set unconditionally. 
Attl 
the Bit 1 decision is made (keep) and 


Bit 2 is reset unconditionally. 
This sequence continues until the 


Bit 16 (LSB) decision (keep) is made att16. 
The STATUS flag 


is reset, indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag restores 
the gated clock inhibit signal, forcing the clock output to the 
low Logic "0" state. Note that the clock remains low until the 
next conversion. 


Corresponding 
parallel data bits become valid on the same 
positive-going clock edge. 


I 
I 
I 


STATUS 
to It, It2 It] 
,'" 
,Itn 
131' 
• 


MSB-·~ 
I 
I 
I 


BIT2~~~r==LJ"1"i 
I 
I 
I 
I 
Iii 
I 
I 


BIT 3 
r-L....J"1" 
I I 
I I 
I 
I I 
I 
I 
r- 
::~:~~~J 
i"O"LJ 
I 
I 
QTTJ=:r- 


BIT6 
------~"l" 
I 
I 
I 
I 
I 
I 
I 


BIT]::] 
~'T'I 
I 
I III 
lie ~I 
::~:~~~J---~==;'TI"o,,1 
I 
,,~ 


BIT 1o __ -1 
0"1" 
i 
I 
I 
I 
I 


BIT 11:::J 
LJ'T'j 
I 
I 
I 
I 
I 


BIT 12:::J 
LJ"1" I 
I I 
I 
I 


BIT 13;;.;1 
U"l"~1 I 
I 


BIT14:::,~ 
I 
~ 
BIT 15 
. 
..,.. 
I 
LSB:::--M-S-B------------------ 
"0" 
lSB 


SERIAL ---JV77 
1 
2 
14 
15 
16 
TilJ7li7J. 


DATA OUT --- 
- I:" ''1'' 
"0" "'" ":'1- - - - 


NOTES 
1. THE 
CONVERT 
START 
PULSE 
WIDTH 
IS 50ns 
MIN 
AND 
MUST 
REMAIN 
lOW 
DURING 
A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EOGE" OF THE 
CONVERT COMMAND. 


2. tCONV = 14,...5 
{MAXI, 
tACO = 6J.ls 
(MAX). 


3. MSB DECISION. 
4. CLOCK REMAINS LOW AFTER LAST BIT DECISION. 


Figure 5, 
Timing 
Diagram 
(Binary 
Code 0110011101111010) 
DIGITAL 
OUTPUT 
DATA 
Both parallel and serial data from TTL storage registers is in 
negative true form (Logic" 
1" = OV and Logic "0" = 2.4V), 


Parallel data output coding is complementary 
binary for unipolar 


ranges and complementary 
offset binary for bipolar ranges. 
Parallel data becomes valid at least 20ns before the STATUS 
flag returns to Logic "0", permitting parallel data transfer to be 
clocked on the" 1" to "0" transition of the STATUS flag (see 
Figure 6), 


Serial data coding is complementary 
binary for unipolar input 


ranges and complementary 
offset binary for bipolar input 
ranges, Serial output is by bit (MSB first, LSB last) in NRZ 


BIT 
16 
, 
VALID 
,--- 
II 
I 
IIL 


20"s MIN TO 90"5 ~ 
~ 


CLOCK~ 


SERIAL 
I _I 
_ 


OUT~ 
x:== 


--i ~ 
30"5 TO 120"5 MAX 


(non-return-to-zero) 
format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran- 
teed valid 120ns after the rising clock edges, permitting 
serial 


data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 7. There are 17 
negative-going clock edges in the complete 16-bit conversion 
cycle. The first negative edge shifts an invalid bit into the regis- 
ler, which is shifted out on the last negative-gomg clock edge. 
All serial data bits will have been correctly transferred and be in 
the receiving shift register locations shown at the completion of 
the conversion period, 


INPUT 
SCALING 
The AD 1380 inputs should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum 
signal resolution of the AID converter. Connect the input signal 
as shown in Table I. See Figure 8 for circuit details. 


10V SPAN 


R2 
3.75kll 


Input 
Connect 
Connect 
Connect 
Connect 
Signal 
Output 
Pin 4 
Pin 7 
Input 
Pin 32 
Line 
Code 
to Pin 
to 
Signal to 
to 


±lOV 
COB 
5 
32 
31 
7 


±5V 
COB 
5 
Open 
31 
6 


±2.5V 
COB 
5 
Pin 5 
31 
6 
OVto +5V 
CSB 
NC 
Pin 5 
31 
6 
OVto +IOV 
CSB 
NC 
Open 
31 
6 • 


7.5kll 
COMPARATOR 


BIPOLAR ~:;:;;-=---- 


OFFSET 
~yy~ 
VRE' 


ANALOG f8\..-- 
COMMON~ 


Code Under Test 
Low Side Transition 
Value 
MSB 
LSB 
Range 
±lOV 
±5V 
± 2.5V 
o to + IOV 
o to +5V 
000 
000* 
+ Full Scale 
+IOV 
+5V 
+2.5V 
+IOV 
+5V 
-3/2LSB 
-3/2LSB 
-3/2LSB 
-3/2LSB 
-3/2LSB 


011 
III 
Mid Scale 
Q-1I2LSB 
Q-1I2LSB 
Q-1I2LSB 
+5V-1I2LSB 
+2.5V-I/2LSB 
III 
110 
- Full Scale 
-IOV 
-5V 
-2.5V 
OV 
OV 


+ 112LSB 
+ 112LSB 
+1I2LSB 
+ 112LSB 
+1I2LSB 


NOTE 
For LSB value for range and resolution used, see Table III. 
·Voltages given are the nominal value for transition 
10 the code specified. 


Analog Input 
Voltage Range 
±IOV 
±5V 
±2.5V 
OV to +IOV 
OV to +5V 


Code 
COB* 
COB* 
COB* 
Designation 
or CTC** 
or CTC** 
or CTC" 
CSB*** 
CSB*** 
One Least FSR 
FSR 
20V 
IOV 
5V 
IOV 
5V 
Significant 
-- 
-- 
-- 
- 
-- 
- 


(Bit LSB) 
2" 
2" 
2" 
2" 
2" 
2" 


n=8 
78.13mV 
39.06mV 
19.53mV 
39.06mV 
19.53mV 
n=IO 
19.53mV 
9.77mV 
4.88mV 
9.77mV 
4.88mV 
n= 12 
4.88mV 
2.44mV 
1.22mV 
2.44mV 
1.22mV 
n= 13 
2.44mV 
1.22mV 
0.61mV 
1.22mV 
0.61mV 
n=14 
1.22mV 
0.61mV 
0.31mV 
0.61mV 
0.31mV 
n= 15 
0.61mV 
0.31mV 
0.15mV 
0.31mV 
0.15mV 


NOTES 


·CoB 
= Complementary 
Offset 
Binary. 


**CTC 
= Complementary 
Twos 
Complement 
- achieved 
by using 
an inverter 
to complement 
the most 
significant 
bit 
lO produce 
(MSB). 


·"eS8 = Complementary 
Straight 
Binary. 


CALIBRATION 
(J4-Bit Resolution 
Examples) 
External ZERO AD] and GAIN AD] potentiometers, 
connected 
as shown in Figures 2 and 3, are used for device calibration. To 
prevent interaction of these two adjustments, 
Zero is always 
adjusted first and then Gain. Zero is adjusted with the analog 
input near the most negative end of the analog range (0 for 
unipolar and - FS for bipolar input ranges). Gain is adjusted 
with the analog input near the most positive end of the analog 
range. 


o to + JOV Range: 
Set analog input to + ILSB14 
= 
0.0006IV. Adjust Zero for digital output 
= 11111111111110. 
Zero is now calibrated. 
Set analog input to + FSR - 2LSB 


= + 9.99878V. Adjust Gain for 00000000000001 digital output 
code; full scale (Gain) is now calibrated. Half-scale calibration 
check: set analog input to +S.OOOOOV;digital output code 
should be 01111111111111. 


-JOV to + JOV Range: 
Set analog input to -9.99878V; 
adjust 
zero for 1111111111110 digital output (complementary 
offset 
binary) code. Set analog input to 9.997S6V; adjust Gain for 
00000000000001 digital output (complementary 
offset binary) 


code. Half-scale calibration check: set analog input to O.OOOOOV; 
digital output (complementary 
offset binary) code should be 
01111111111111. 


ANALOG 
l~l 
AND 
DIGITAL 
("!=") GNDS 


ARE 
NOT 
TIED 
INTERNALLY 
ANO 
MUST 
BE 


CONNECTED 
EXTERNALL 
Y 


Figure 9. Analog 
and Power 
Connections 
for Unipolar 
0 to 


+ lOV Input 
Range 


ANALOG 
(~l 
AND 
DIGITAL 
t '*) GNDS 


ARE 
NOT TIED 
INTERNALl 
Y AND 
MUST 
BE 


CONNECTED 
EXTERNAllY. 


Figure 
10. Analog 
and Power 
Connections 
for Bipolar 
-lOV 
to + 10V Input 
Range 


Other Ranges: 
Representative 
digital coding for 0 to + 10V 
and -IOV to + 10V ranges is given above. Coding relationships 
and calibration points for 0 to +SV, -2.SV 
to +2.SV and -SV 
to + SV ranges can be found by halving proportionally 
the corre- 
sponding code equivalents listed for the 0 to + 10V and -IOV 
to 
+ IOV ranges, respectively, as indicated in Table II. 


Zero and full-scale calibration can be accomplished to a preci- 
sion of approximately 
± 1I2LSB using the static adjustment 
pro- 
cedure described above. By summing a small sine or triangular 
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes of 
interest to more accurately determine the center (or end points) 
of each discrete quantization 
level. A detailed description of this 
dynamic calibration technique is presented in Analog-Digital 
Conversion Handbook, 
edited by D. H. Sheingold, Prentice-Hall, 


Inc., 1986. 


GROUNDING, 
DECOUPLING 
AND LAYOUT 
CONSIDERATIONS 
Many data acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" 
are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (Pins 8 and 30) must be tied together at 
one point for the AD 1380 as close as possible to the converter. 
Ideally, a single, solid analog ground plane under the converter 
would be desirable. Current flows through the wires and etch 
stripes on the circuit cards, and since these paths have resistance 
and inductance, 
hundreds of millivolts can be generated between 
the system analog ground point and the ground pins of the 
AD1380. Separate wide conductor stripe ground returns should 
be provided for high resolution converters to minimize noise and 
IR losses from the current flow in the path from the converter 
to the system ground point. In this way AD1380 supply cur- 
rents and other digital logic-gate return currents are not 
summed into the same return path as analog signals where they 
would cause measurement 
errors. 


Each of the AD 1380 supply terminals should be capacitively 
decoupled as close to the AD1380 as possible. A large value 
capacitor such as IfLF in parallel with a O.lfLF capacitor is usu- 
ally sufficient. Analog supplies are to be bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Logic 
Power Return pin. 


The metal cover is internally grounded with respect to the 
power supplies, grounds and electrical signals. Do not externally 
ground the cover. 


APPLICATION 
AD1380 Dynamic Performance 
High performance sampling analog-to-digital converters like the 
AD 1380 require dynamic characterization 
to assure they meet or 


exceed their desired performance parameters for signal process- 
ing applications. 
Key dynamic parameters include signal-to-noise 
ratio (SNR) and total harmonic distortion (THD), 
which are 
characterized using Fast Fourier Transform 
(FFT) analysis 
techniques. 


The results of that characterization 
are shown in Figure II. In 


the test a 13.2kHz sine wave is applied as the analog input (fo) 
at a level of IOdB below full scale; the AD 1380 is operated at a 
word rate of 50kHz (its maximum sampling frequency). 


The results of a 1024-point FFT demonstrate 
the exceptional 


performance of the converter, particularly in terms of low noise 
and harmonic distortion. 


In Figure II, the vertical scale is based on a full scale input ref- 
erenced as OdB. In this way, all (frequency) energy cells can be 
calculated with respect to full scale rms inputs. 


The resulting signal-to-noise ratio is 83.2dB, which corresponds 
to a noise floor of -93.2dB. 


Total harmonic distortion is calculated by adding the RMS 
energy of the first four harmonics and equals - 97. 5dB. Increas- 
ing the input signal amplitude to -O.4dB of full scale, causes 
THD to increase to -80.6dB 
as shown in Figure 12. • 
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Figure 
11. 
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At lower input frequencies, however, THD performance is 
improved. Figure 13 shows a full scale (-O.3dB) 
input signal at 
1.41kHz. THD is now -96.0dB. 


The ultimate noise floor can be seen with low level input signals 
of any frequency. In Figure 14 the noise floor is at -94dB, 
as 


demonstrated 
with an input signal of 24kHz at -39.8dB. 
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PRODUCT FEATURES 
Single Package 
16-Bit Resolution 
500 kHz Sampling Rate 
SNR 90 dB @ 100 kHz (minI 
THO -88 dB @ 100 kHz (minI 
0.0015% FSR INL (typl 
±5. ±10 V Bipolar Input 
Zero Offset Autocalibration 


APPLICATIONS 
Medical Imaging 
CAT 
Magnetic Resonance 
Vibration Analysis 
Parametric Measurement Unit (ATE) 
Waveform/Transient 
Recorders 
Analytical Instruments 
Sonar 
Radar 


PRODUCT 
DESCRIPTION 
The AD1382 is a complete 500 kHz, l6-bit, sampling analog- 
to-digital converter contained in a single package. This high res- 
olution, high speed converter offers outstanding 
noise and dis- 
tortion performance along with excellent INL and DNL 
performance, 
all in a single dual-in-line package. 


The AD 1382 guarantees outstanding noise and distortion perfor- 
mance for both ±5 V and ±10 V input ranges. The AD1382 
architecture 
includes a low noise and low distortion tracklhold 
with a three-pass digitally corrected subranging ADC. Precision 
thin fl1m resistors and a new proprietary 
DAC provide for out- 
standing dynamic and static performance. 
Output data is multi- 
plexed over an eight-bit CMOSITTL 
compatible data bus. 


16-Bit 500 kHz 
Sampling ADC 


AD1382 
I 


FUNCTIONAL 
BLOCK DIAGRAM 


CLOCK & CONTROL 
SIGNALS 
~ • 


The AD1382 uses four power supplies, ±5 V and ±15 V, and 
an external 10 MHz clock. Power dissipation is nominally 
2.8 W. Two user selectable bipolar input ranges, ±5 V and 
± 10 V are provided. Careful attention to grounding and a single 
package make it easy to design PCBs to achieve specified 
performance. 


AD1382 
SPECIFICATIONS 


(TA ~ 
+25°C, Vs = ±15 v, VDD ~ 
+5 V, Vss = -5 
V, 10 MHz External Clock, 
- 
5 Mmute Warm-up, unless otherwise noted) 


AD1382KD 
Parameter 
Min 
Typ 
Max 
Units 


RESOLUTION 
16 
Bits 


ANALOG INPUT 
Input Ranges 
±5, ±10 
V 


Input Impedance 
2.45 
2.5 
2.55 
kt1 


TRANSFER 
CHARACTERISTICS 


(Combined ADCfTrackIHold) 
Integral Nonlinearity' 
±0.0015 
% FSR2 


Differential Nonlinearity' 
±0.OOO6 
±0.0015 
%FSR 
Missing Codes 
None 
Gain Error 
±0.07 
±0.15 
%FSR 
Bipolar Zero' 
±0.03 
±0.10 
%FSR 
PSRR 
±0.006 
±0.10 
% FSRIV 


Noise' 
55 
jJ.VRMS 


DYNAMIC CHARACTERISTICS 
±5 V FSR, VIN = -0.4 
dB 
Sample Rate 
500 
kHz 


Signal-to-Noise Ratio' 


f = 5 kHz 
90 
93 
dB 
f = 100 kHz 
90 
92 
dB 
f = 200 kHz 
88 
91 
dB 
Peak Distortion 
f= 
5 kHz 
-90 
-98 
dB 
f = 100 kHz 
-88 
-93 
dB 
f = 200 kHz 
-82 
-85 
dB 
Total Harmonic Distortion" 


f = 5 kHz 
-90 
-% 
dB 
f = 100 kHz 
-88 
-92 
dB 
f = 200 kHz 
-82 
-85 
dB 


DYNAMIC CHARACTERISTICS 
± 10 V FSR, VIN = -0.4 
dB 
Sample Rate 
500 
kHz 


Signal-to-Noise Ratio' 


f = 5 kHz 
90 
95 
dB 
f = 100 kHz 
90 
94 
dB 
f = 200 kHz 
88 
93 
dB 
Peak Distortion 


f = 5 kHz 
-90 
-98 
dB 
f = 100 kHz 
-80 
-87 
dB 
f = 200 kHz 
-74 
-81 
dB 
Total Harmonic Distortion" 
f = 5 kHz 
-90 
-% 
dB 
f = 100 kHz 
-80 
-87 
dB 
f = 200 kHz 
-74 
-81 
dB 


DIGITAL 
INPUTS' 
Input Voltage 
V1L 
0.8 
V 
VIH 
2.0 
V 
Input Current 
±2oo 
j.i.A 


Input Capacitance 
2 
pF 
Start Command 
Setup Time, tscs 
10 
3 
ns 


Hold Time, tSCH 
10 
0 
ns 


Autozero 
Setup Time, tAZS 
10 
0 
ns 


Hold Time, tAZH 
20 
6 
ns 


Clock 
Frequency 
2.5 
10 
MHz 
Duty Cycle 
40 
60 
% 


AD1382KD 
Parameter 
Min 
Typ 
Max 
Units 


DIGITAL 
INPUTS 
(Continued) 


Aperture Delay7 
7 
ns 


DIGITAL 
OUTPUTS"' 
9 
Output Voltage 
VOL @ IOL = 3.2 mA 
0.2 
0.4 
V 
VOH @ IOH = -3.2 
mA 
2.4 
4.5 
V 
Output Capacitance 
10 
pF 
Leakage, Outputs Disabled 
±2oo 
..,..A 


Data Valid 
Setup Time, tOYS 
75 
150 
ns 
Hold Time, tOVH 
25 
50 
ns 
Hold Command Time, tH 
1300 
ns 
Hold Command Delay, tHO 
6 
ns 
Data Strobe Pulse Width, tos 
200 
ns 
Data Strobe Delay, toso 
1650 
ns 


OUTPUT 
CODING 
Complementary 
Offset Binary or 
Complementary 
Twos Complement 


PERFORMANCE 
OVER TEMPERATURE"' 
to 
Operating Temperature 
Range 
0 
70 
·C 
Specified Temperature 
Range 
10 
40 
·C 
Missing Codes 
None 
Gain Drift 
8 
15 
ppmf'C 
Offset Drift 
5 
15 
ppmf'C 
Differential Linearity 
0.3 
ppmf'C 


INTERNAL 
REFERENCE 
Voltage 
9.990 
10.010 
V 


Current 
2 
10 
mA 


POWER REQUIREMENTS 
Operating Range 
±Vs 
14.25 
15.75 
V 


+Voo 
4.75 
5.25 
V 


-Vss 
-5.25 
-4.75 
V 


Current Drains 
+Vs 
50 
73 
mA 
-Vs 
45 
65 
mA 
+Voo 
115 
160 
mA 
-Vss 
160 
200 
mA 
Power Dissipation 
2.8 
3.9 
Watts 


NOTES 
'Integrallinearity 
is inferred from FFT. Differential linearity is derived from histogram. 


'FSR, full-scale range. 
'Adjustable to zero. 
"Noise based on small signal FFr excluding quantization noise. 
5SNR fundamental to noise minus hannonics 2-9. 
"THD includes harmonics 2-9 of the fundamental. 
'Aperture delay is the time from the rising edge on the Hold Command Input to the opening of the switch in the TrackIHold. 
'Guaranteed 
but not 100% production tested. 


l>J"imingbased on 10 MHz clock. Refer to Figures 13 and 14. 
lOUse (0 ambient temperature is assumed to be 30°C. The AD1382 case temperature will stabilize about 30°C above ambient while operating in free air without 
a heat sink. Factory calibration is done in this condition. See the application section for Cumer information. 


Specifications subject to change without notice. 


• 


ABSOLUTE 
MAXIMUM 
RATINGS 


+Vs to AGND 
18 V 
-Vs 
to AGND 
-18 V 
VDD to PGND 
7 V 


Vss to PGND 
-7 V 


AGND to PGND 
:to.3 V 


Analog Inputs 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . :t Vs 


Digital Inputs 
-0.3 
V to VDD + 0.3 V 


Output Short Circuit Duration 
Reference Output 
Indefinite 


TrackIHold 
Output 
I sec 


Digital Outputs 
I sec for Any One Output 


Ambient Temperature 
(Operating) 
O°Cto +70°C 
Storage Temperature 
-65°C to + 150°C 


*Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may 


affect device reliability. 


AD1382 PIN CONNECTIONS 
The AD1382 is housed in a 48-pin bottom-brazed 
ceramic bath- 
tub package. The pinout is as follows: 


PIN 
FUNCTION 
PIN 
FUNCTION 


1 
CLOCK IN 
48 
V002 (+5 V POWER) 


2 
POWER GROUND 
47 
POWER GROUND 


3 
B1/B9 MSB 
46 
VSS>(-5 V POWER) 


4 
B2/B10 
45 
AUTOZERO 


5 
83/B11 
44 
B1 SELECT 


6 
84/B12 
43 
POWER GROUND 


7 
B5/B13 
42 
POWER GROUND 


8 
B6/B14 
41 
DNC 


9 
B7/B15 
40 
GAIN ADJUST 


10 
B8/B16 LSB 
39 
+10 V REFERENCEOUT 


11 
Voo, (+5 V SIGNAL) 
38 
-Vs, 
(-15V) 


12 
POWER GROUND 
37 
SIGNAL GROUND 


13 
Vss, (-5 V SIGNAL) 
36 
+VS, (+15 V) 


14 
SIGNAL GROUND 
35 
SIGNAL GROUND 


15 
DATA STROBE 
34 
DNC 


16 
HI/LO BYTE SELECT 
33 
DNC 


17 
OE DATA ENABLE 
32 
+10 V REFERENCEIN 


18 
START CONVERT 
31 
VIN B 


19 
HOLD COMMAND OUT 
30 
V1NA 


20 
SIGNAL GROUND 
29 
OFFSETADJUST 


21 
+VS2 (+15 V) 
28 
DNC 


22 
HOLD COMMAND IN 
27 
TRACK/HOLD OUTPUT 


23 
-VS2 (-15 V) 
26 
SIGNAL GROUND 


24 
POWER GROUND 
25 
TRACK/HOLD INPUT 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 


however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


Model 


AD1382KD 


Temperature 
Range 


lOoCto 40°C Ambient 
(40°C to 70°C Case) 


Package 
Option* 


DH-48A 


SAMPLE 
RATE 
INPUT FREQUENCY 
INPUT AMPLITUDE 
2nd HARMONIC 
3rd HARMONIC 
4th HARMONIC 
SNR 
THO 


500.000kHz 
5.279410kHz 
-O.3dB 
-99.8dB 
-116.9dB 
-117.1dB 
93.1dB 
-99.2dB 


Figure 1. Full-Scale Sine Wave Power Spectral Density, 
±5 V Scale, 16384-Point FFT 


SAMPLE 
RATE 
INPUT FREQUENCY 
INPUT AMPLITUDE 


2nd HARMONIC 
3rd HARMONIC 
4th HARMONIC 
SNR 
THO 


500.000kHz 
202.54516kHz 
-O.4dB 
-88.2dB 


-104.7dB 
-112.4dB 
91.5dB 
-88.0dB 


Figure 3. Full-Scale Sine Wave Power Spectral Density, 
±5 V Scale, 16384-Point FFT 


• 


SAMPLE 
RATE 
INPUT FREQUENCY 
INPUT AMPLITUDE 


2nd HARMONIC 
3rd HARMONIC 
4th HARMONIC 
SNR 
THO 


500.000kHz 
102.50855kHz 
-O.4dB 
-93.0dB 
-107.4dB 
-115.6dB 
92.5dB 
-92.7dB 


Figure 2. Full-Scale Sine Wave Power Spectral Density, 
±5 V Scale, 16384-Point FFT 


I, 
FREQUENCY 
192.77954kHz 
I, AMPLITUDE 
-6.1dB 
12 FREQUENCY 
197.54028kHz 
12 AMPLITUDE 
- 6.0dB 


12-1, 
-110.2dB 
12+21, 


12+1, 
-94.9dB 
21, 
212-1, 
-106.0dB 
212 
21,-12 
-128.0dB 
31, 
I, + 212 -116.8dB 
312 


-116.0dB 
-100.8dB 
-101.2dB 
-117.2dB 
-109.6dB 


Figure 4. Intermodulation 
Performance, 
±5 V Scale, 


16384-Point FFT, 500 kHz Sample Rate 


-13 


-25 


-38 


-SO 


-63 


-75 


-sa 
2f 
-100 


-113 


-125 


-138 


SAMPLE 
RATE 
INPUT FREQUENCY 
INPUT AMPLITUDE 
2nd HARMONIC 
3rd HARMONIC 
4th HARMONIC 
SNR 
THO 


500.000kHz 
5.279541 kHz 
-O.3dB 
-98.3dB 
-112.9dB 
-116.9dB 
94.8dB 
-97.9dB 


Figure 5. Full-Scale Sine Wave Power Spectral Density, 
± 10 V Scale, 16384-Point FFT 


SAMPLE 
RATE 
INPUT FREQUENCY 
INPUT AMPLITUDE 
2nd HARMONIC 
3rd HARMONIC 
4th HARMONIC 
SNR 
THO 


500.000kHz 
202.54516kHz 
-O.4dB 
-81.6dB 
-98.2dB 
-112.4dB 
93.0dB 
-81.5dB 


Figure 7. Full-Scale Sine Wave Power Spectral Density, 
±10 V Scale, 16384-Point FFT 


-13 


-25 


-38 


-SO 


-63 


-75 


-sa 
2f 


-100 


-113 


-'25 


-'38 


SAMPLE 
RATE 


INPUT FREQUENCY 
INPUT AMPLITUDE 
2nd HARMONIC 
3rd HARMONIC 
4th HARMONIC 
SNR 
THO 


500.000kHz 
102.50855kHz 
-O.4dB 
-86.9dB 


-103.4dB 
-118.1dB 
94.1dB 
-86.8dB 


Figure 6. Full-Scale Sine Wave Power Spectral Density, 
±10 V Scale, 16384-Point FFT 


f, 
FREQUENCY 
192.n954kHz 
f, AMPLITUDE 
-6.1dB 
f2 FREQUENCY 
197.54028kHz 


f2 AMPLITUDE 
- 6.0dB 
f2-f, 
-105.1dB 
f2+ 21, 
f2 + f, 
-87.3dB 
21, 
2f2- f, 
-96.9dB 
2f2 
2f,-f2 
-127.0dB 
3f, 
f, + 2f2 
-106.3dB 
3f2 


-106.2dB 
-93.5dB 
-93.7dB 
-110.5dB 
-102.2dB 


Figure 8. Intermodulation 
Performance, 
±10 V Scale, 
16384-Point FFT, 500 kHz Sample Rate 


~~01 REFERENCE I 


HOLD 
COMMAND 
IN 
C> 
••.• 
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THEORY 
OF OPERATION 
The AD 1382 performs conversions using a three-pass subrang- 
ing technique. This proven circuit concept, implemented with 
state of the art components, 
allows the ADC, track-hold, and a 
low noise reference to fit into a single hermetic package, simpli- 
fying the task of board design. The TIH and ADC portions of 
the AD1382 are distinct circuits with inputs and outputs avail- 
able on separate pins. This functional division allows greatest 
application flexibility. The AD 1382's major functional blocks 
are shown in Figure 9. 


The TIH uses a low noise high performance hybrid amplifier 
and high speed analog switches to achieve precision perfor- 
ma.nce. It operates as an inverting amplifier during Track mode. 
Summing junction switch SI disconnects the analog input to 
place the circuit into Hold mode; the amplifier's output stays 
constant because the dc path to its inverting input is broken. SI 
also grounds the junction of RI and R2 to minimize signal feed- 
through. 
Pedestal is independent 
of the analog input level be- 
cause all switching is done near ground. This ensures vety low 
nonlinearity and distortion. 


A precision reference DAC and an 8-bit flash ADC form the 
heart of the AD 1382's subranging design. High speed amplifiers 
combine the analog input and DAC output to produce the volt- 
ages encoded by the flash ADC during each pass. A logic array 
provides all necessary timing, control, and computation. 


The first rising clock edge after Start Convert goes high begins 
the conversion (provided the previous conversion is complete). 
The Hold Command goes high and switches the TIH into hold. 
The held signal from the TIH goes through S2, S3, and Error 
Amp 2 to the flash ADC. During this pass Error Amp 2 actually 
attenuates the ADC input to keep the voltage within the flash 
ADC's input range. The flash ADC is strobed after a 100 ns 
settling period. The 8-bit result is saved in the logic array and is 
route<! to the MSBs of the reference DAC. 


Error Amp I amplifies the difference between the reference 
DAC output and the held input signal during the second pass. 
S4 routes this error signal to the flash ADC, which is strobed a 
second time after Error Amp I has settled. The new 8·bit result 
is used to correct the previous result, increasing the accuracy of 
this intermediate 
answer to 13-bit precision. Following this the 
reference DAC is updated. 


Both error amplifiers are active during the third pass. S2 is 
switched, allowing Error Amp 2 to amplify Error Amp I's out- 
put. S3 now brings Error Amp 2's output to the flash ADC. 
The flash ADC is strobed a fmal time after the DAC and both 
error amplifiers have settled. The logic array combines the data 
from the third flash conversion with the earlier 13-bit word to 
produce the fmal 16-bit result. The TIH is returned to track 
mode, and Error Amp 2 is reconnected as an attenuator 
50 ns 
after the completion of the third flash conversion to prepare for 
the next conversion. 


The output data are placed on the data bus in two 8-bit bytes to 
be read by the host system. The Data Strobe output synchro- 
nizes the data transfer by providing a rising edge for the first 
byte and a falling edge for the second byte. The HiILo Byte Se- 
lect input allows the user to choose which data byte is presented 
first. BI Select sets the polarity of the MSB to provide either 
twos complement or offset binary data. 


CONNECTION 
AND OPERATION 
OF THE AD1382 
Analog Input 
The analog input should be connected to the TrackIHold 
Input 


(Pin 25). Two pin programmable operating ranges are available: 
±5 V and ± 10 V. Connect the TrackIHold 
Output to V1N A 
and/or VIN B as follows: 


Desired 
Scale 


±5 V 
±10 V 


Connect 
VIN A to 


TrackIHold 
Output 
TrackIHold 
Output 


Connect 
VIN B to 


TrackIHold 
Output 
Analog Signal GND 


Harmonic distortion is lower when using the ±5 V range, while 
noise is lower when using the ± 10 V range. 


The AD 1382's noise and distortion performance exceed the ca- 
pability of most signal sources. Maintaining this performance at 
the system level requires attention to every detail of.gt"Qunding, 
bypassing, and signal sources. A low impedance high bandwidth 
signal source is essential to achieve low dislortion. 
Few mono- 
lithic amplifiers exist which can maintain signal fidelity at levels 
comparable with the AD1382'. 
performance, 
even at low fre- 
quencies. High bandwidth means increased noise and decreased 
SNR. See Testing tireAD1382 for techniques of achieving the 
lowest possible noise and distortion. 


Grounding 
Proper treatment of the AD 1382's power and ground connec- 
tions is vital to achieve the best possible system performance. 
The ideal grounding arrangement is to have a single, solid, low 
impedance ground plane beneath the device to which all ground 
and supply bypassing connections are made. This results in the 
lowest possible ground noise and minimizes undesired interac- 
tions between the sensitive circuits inside the AD1382. Aperture 
uncertainty, 
for example, can be degraded by noise in Power 
Ground because the Hold Command signals are referenced to 
this ground. The digital interface between the AD1382 and the 
rest of the user's system is also critical. The following discussion 
will help in obtaining optimal performance. These guidelines are 
general and apply equally well to other high performance analog 
and digital circuits. 


The AD1382 must connect to three other parts of the system: 
the input signal(s), the power supplies, and the digital interface. 
The system designer must determine the magnitude and type of 
ground currents and whether they are constant or dynamic. A 
system block diagram is a valuable aid to understanding 
how 
grounds should be connected for good performance. 
Figure 10 
shows recommended 
ground connections for the AD1382 in a 
typical system. 


The AD1382 has a net ground current of about 40 mA. Most of 
this flows in the power grounds. There are also substantial dy- 
namic currents in the power grounds. The signal grounds have 
primarily low level static (dc) currents. 
Signal and power 
grounds are separated inside the hybrid because the resistance 
and inductance inherent in thick-film construction would cause 
interactions between ground currents, 
leading to poor perfor- 
mance. (Remember that an LSB can be as small as 156 ILV.) 


Care must be taken to prevent the AD 1382's ground currents 
from flowing in the signal ground between the signal source and 
the AD1382 if this ground has significant resistance. This is not 
usually a problem if the signal source is located on the same 
board as the AD 1382 because the resistance can be made very 
low through the use of a ground plane. 


The signal source's ground and supply currents must be consid- 
ered when the source and ADC share common power supplies. 
A ground loop formed by the AD1382, the signal source, and 
the power supplies can cause significant errors. 


The connection between the AD 1382's ground plane and the 
system's digital ground is best made away from the AD1382. 
This will prevent noisy system ground currents from passing 
through critical pans of the ADC. In a very noisy environment 
it may be wise to isolate the entire analog circuit. Figure 10 


shows the required isolation provided by a digital buffer. The 
buffer can then drive resistive and/or capacitive loads without 
compromising ground at the ADC. Using separate isolated sup- 
plies for the ADC and signal source will result in a single-point 
connection between system digital ground and the ADC's 
ground plane at the digital buffer. 


Power Supplies and Bypassing 
The AD 1382 has four sets of power supply pins. These are: 


±5 V Analog 
(VoDlNss,) 


±15 V 
(+Vs/-Vs,) 


±15 V 
(+VS,!-VS2) 


±5 V Power 
(V0D2NSS2) 


A single source may be used to supply like voltages (e.g., VODl' 
VOD2 from the same +5 V supply). Each of the four ±5 V sup- 
ply pins should have a distinct low impedance connection to a 
well-bypassed central source node. This is required because each 
pin draws large transient currents. These dynamic currents, 
if 
passed through a common supply path, would introduce cross- 
talk and increase the AD 1382's apparent noise. The two sets of 
± IS V supplies need not be split in this fashion. 


Every AD1382 supply pin should be bypassed to the ground 
plane with a high quality ceramic capacitor of 0.01 ILF to 
0.1 ILF. This capacitor should be located as close as possible to 
the AD1382 to minimize lead lengths. Each Voo and Vss pin 
must also be bypassed to the ground plane with a 10 ILFsolid 
tantalum bypass capacitor located close to the AD1382. Ten mi- 
crofarad bypass capacitors for ± VS2 (Pins 21 and 23) are also 
necessary. These power distribution 
concepts are shown in 
Figure II. 


Figure 
11. Recommended 
AD 1382 Supply Distribution. 
AI/ 10 JJ.Fand 0.01 JJ.FCapacitors Must Be Located 
Close to the AD1382. Make AI/ Ground Connections 
to 
Groundplane 


All power supplies should be of the linear type. Switching 
power supplies are not recommended 
as they can introduce con- 
siderable high frequency noise into sensitive lUIalogsignal paths, 
degrading the AD 1382's apparent pj:rformance. 


Supply pins of equivalent voltage should not be allowed to differ 
by more than 0.3 V. 


If separate ground planes are used for Signal and Power 
Ground, the supplies should be bypassed as follows: 


Supply 
Bypass to 


± 5 V Analog 
Signal Ground 
±15 V (+VS/-VS1) 
Signal Ground 
±15 V (+VS2!-VS2) 
Power Ground 
± 5 V Power 
Power Ground 


Care is also required when using a + 5 V powered crystal oscilla- 
tor to provide the AD 1382's clock signal. These devices produce 
considerable supply noise and proper bypassing is essential. The 
oscillator should be bypassed with both ceramic and solid tanta- 
lum capacitors using minimum lead lengths. A 10n resistor in 
series with the + 5 V supply provides additional isolation and 
low pass filtering of transients produced by the oscillator. 


Reference 
The AD 1382 has an excellent internal reference with a typical 
temperarure coefficient of 5 ppmJOC.The Reference Out (Pin 
39) is normally connected to Reference In (Pin 32). An external 
reference may be connected to the reference input if desired. 
The reference input pin requires negligible current. The refer- 
ence input voltage should not exceed + II V and must remain 
more positive than -0.3 
V. The reference output requires no 
bypassing and should not be capacitively loaded. If an external 
reference is used, it must have low noise to avoid degrading the 
signal to noise ratio of the AD1382. 


The reference output can source up to 2 mA of static (dc) cur- 
rent without affecting the performance of the AD1382. 


DIGITAL 
INTERFACES 
10 MHz Clock 
The AD1382 requires a stable external clock. A 10 MHz clock 
provides a sample rate of 500 kilosamples per second. Since 
the ADC operates synchronously with this clock, clock phase 
noise will appear as jitter in the aperture time. Lower clock fre- 
quencies may be used, and the sample rate will be reduced 
proportionately. 


Standard TTL and CMOS crystal oscillator modules may be 
used successfully to generate the required 10 MHz clock signal. 
These oscillators often create considerable power supply tran- 
sient noise. The oscillator should be bypassed with both ceramic 
and solid tantalum capacitors using minimum lead lengths. A 
10 n resistor in series with the +5 V supply provides additional 
isolation and low-pass filtering of transients produced by the 
oscillator. See Figure 12. 
• 


Figure 12. Isolating Clock Noise. Bypass Capacitors 
Should Be Located Close to the Oscillator 


START 
CONVERT 
(Pin 18) 
Synchronous 
Operation 
The Start Convert signal acts like the data input of a flip-flop. A 
conversion begins on the first rising clock edge after Start Con- 
vert goes high (provided setup time requirements 
are met). This 
edge drives Hold Command Out high, switching the TIH into 
Hold mode. Hold Command Out (Pin 19) should be connected 
to Hold Command In (Pin 22) for synchronous operation. Con- 
tinuous conversions at a 500 kHz rate may be obtained by hold- 
ing Start Convert high. The 10 MHz clock may be divided 
down and used to drive the Start Convert input when a lower 
conversion rate is desired. This will provide clock-synchronized 
conversions at the lower rate. Synchronous conversion timing is 
shown in Figures 13 and 14. 


(P1H16~~~ 
lOWBYTEDATAN-l 
~LOWBYTEDATAN 
---------~._r. 
! 


BYTE0 
BYTE 1 
NOTES 


A. DO NOT ALLOW TAANSrTeoNS 
TO STAAT CONVERT 
TO OCCUR 
DURING THIS T1ME. 


8. TIMES SHOWN ARE BAseD 
ON A lOMHz. CLOCK AND ARE 
PROPORTtONAL 
TO THE CLOCK PERIOD. 


c. HOLD COMMAND 
IN CONNECTED 
TO HOLD COMMAND 
OUT. 


Start Convert may also be used as a gate to capture data only in 
a time window. The rising and falling edges of Start Convert 
defme the beginning and end of the window during which con- 
versions are desired. 


Some restrictions apply to the timing of Start Convert. Transi- 
tions on the Start Convert pin should be limited to the 700 ns 
interval before the rising edge of Hold Command Out and to the 
100 ns period after this edge. This minimizes coupling between 
Start Convert and sensitive internal circuit nodes. 


Asynchronous 
Operation 
In synchronous operation the TIH is placed into Hold mode by 
the first rising clock edge after Start Convert goes high. This 
mode of operation provides maximum rejection of system clock 
noise. Some applications may require the AD 1382 to operate 
asynchronously, 
that is, with the Start Convert input directly 
controlling the track-to-hold 
transition. This may be achieved 
using a 2-input OR gate connected as shown in Figure 15. The 
rising edge of Start Convert places the TIH into Hold mode; the 
ND conversion cycle begins with the first rising clock edge after 
the Start Convert transition, 
and Start Convert must remain 
high during at least one rising clock edge in order to begin the 
conversion. The width of Start Convert should be either less 
than 150 ns or greater than 1400 ns to minimize coupling be- 
tween the falling edge of Start Convert and sensitive internal 


nodes. In asynchronous operation the TIH will remain in Hold 
mode as long either Hold Command Out or Start Convert is 
high. System timing requires careful scrutiny to ensure that the 
TIH has a minimum of 700 ns for signal acquisition before an- 
other conversion begins. The minimum width of Start Convert 
is 20 ns, the sum of tscs and tSCH' 
the minimum setup and hold 
times. 


Figure 15. Connecting the AD 1382 to Sample the Input 
Signal Asynchronously from the Clock 
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uutPUt uata 
The output data are multiplexed in two bytes onto an 8-bit data 
bus. Data are guaranteed to be stable at the time of the edges of 
Data Strobe (Pin 15). Hi/Lo Byte Select (Pin 16) controls which 
byte is presented first. If Hi/Lo Byte Select is high, then 
BYTEO is B9-BI6 and BYTEI is BI-B8. 
The order of the data 
bytes is interchanged 
when HilLo Byte Select is low. BYTE 0 
and BYTE 1 are defined in the timing diagram Figure 13. B1 is 
the most significant bit of the reconstructed 
16-bit data. 


Bl SELECT (Pin 44) determines whether data is presented in 
complementary 
twos complement or complementary 
offset bi- 
nary form. Complementary 
twos complement data is provided 
when Bl Select is LOW. OE may be used to place the data bus 
into a high impedance state. 


The arithmetic unit in the AD 1382 saturates at aliOs or all Is if 
the input range is exceeded. 


AUTOZERO 
(Pin 45) 
The Autozero function may be used to digitally correct internal 
offsets in the TrackIHold and ADC as well as external offsets. 
To use Autozero the TrackIHold input must be connected to a 
zero reference prior to the zeroing conversion. This connection 
is external to the AD 1382 and must be provided by the user; 
the resistance of this connection is not critical but should be less 
than 1000 O. An Autozero cycle forces the AD 1382's digital 
output to indicate exactly zero when its input is at the zero 
point, nominally 0 V. (This assumes that the twos complement 
data format is used. Autozero forces the digital output to mid- 
scale when the selected data format is offset binary.) Autozero 


operates by storing the digital result of a zeroing conversion and 
subtracting it from all subsequent conversion results. This re- 
duces the maximum nonsaturating 
input of the AD1382 a small 
amount at one end of its range depending on the magnitude and 
polarity of the offset. 


The Autozero feature is enabled by driving the Autozero Input 
(Pin 45) low at the time of a falling edge at the Data Strobe out- 
put. Offset data will be stored on the first falling edge of Data 
Strobe after Autozero is brought high; the offset data are also 
available on the AD 1382's data bus during this Data Strobe 
pulse. Autozero operation is illustrated in Figure 16. All subse- 
quent AID conversions will be digitally corrected by the offset 
term as long as Autozero remains high. The offset register is 
cleared when Autozero goes low and the contents of the data 
output registers will revert to their uncorrected 
value. Figure 17 
shows Autozero timing requirements. 
Autozero cannot be 
activated until the first conversion after powerup has been 
completed. 


The Autozero feature may be disabled by keeping Autozero low. 


GAIN ADJUST 
(pin 40) 
The internal reference of the AD 1382 may be adjusted by vary- 
ing the voltage applied to the Gain Adjust pin. The input im- 
pedance of this pin is nominally 20 kO, with a tolerance of 
±20%. A change of 1 V on Pin 40 will change the reference 
voltage by about 10 mV. The reference may be adjusted by 
±150 mV without degrading the AD 1382's performance. 
The 
simplest method of implementing 
the gain adjust is to connect a 
potentiometer 
between the ± 15 V supplies, with the wiper con- 
nected to the Gain Adjust pin. Care should be taken to ensure 
that noise does not enter the ADC through the Gain Adjust pin.• 


OFFSET 
ADJUST 
(Pin 29) 
The ADC's offset voltage may be adjusted by means of a voltage 
applied to the Offset Adjust pin. The nominal adjustment 
sensi- 
tivity is 0.005% FSRN. 
The input impedance is 20 kO with a 
±20% tolerance. The simplest way to implement the offset ad- 
just is to connect a potentiometer 
between the ± 15 V supplies, 


with the wiper connected to the Offset Adjust pin. Care should 
be taken to ensure that noise does not enter the ADC through 
the Offset Adjust pin. 


APPLICATIONS 
Mounting 
and Thermal 
Considerations 
Although the AD 1382 will operate over a wide temperature 
range, best performance is obtained by maintaining the case 
temperature 
between 40°C and 70°C. This can usually be 
achieved without a heat sink provided there is a moderate 
amount of air flow. Under these conditions the case temperature 
will rise about 20°C. Performance will degrade gradually outside 
the specified temperature 
range due to linearity drift in the ref- 
erence DAC. 


System thermal analysis or experimental evidence may show that 
a heat sink is necessary. A thin heat transfer plate can be 
mounted under the package to conduct heat into the ground 
plane. This plate may be made of metal or from an elastomeric 
heat conducting material. Elastomeric materials will conform to 
the board and to the AD 1382 package to improve heat transfer 
while reducing mechanical stress. They also have the advantage 
of not requiring 
thermally 
conductive 
grease. 


Testing the AD1382 
It is difficult to test the AD 1382 with ordinary test methods be- 
cause of the part's very low distortion and noise. The number of 
output codes and the nature of the analog to digital conversion 
make static tests of performance especially cumbersome. 
Sub- 


ranging converters with error correction circuitry can have flaws 
at any place in their transfer function and all codes must be ex- 
ercised for a complete test. 


Histograms provide a convenient way to measure all codes in a 
modest amount of time. Even histograms can be slow, though, 
when 20 million conversions (40 seconds) may be required to 
achieve statistically valid results. 


Distortion and dynamic range tests based on FFfs 
are the most 
powerful tests. They quantify noise and nonlinearity as a func- 
tion of input frequency. From them one can infer qualitative 
integral and differential nonlinearity performance while deter- 
mining the ADC's specific dynamic performance. 
FFfs 
are es- 
pecially useful for systems which require excellent dynamic 
response, such as magnetic resonance imaging. They also un- 
cover performance problems that don't show up in static tests of 
linearity. 
The difficulty in doing FFf 
tests stems from the requirement 
for ultra pure sine wave inputs at various frequencies over the 
operating bandwidth of the ADC. Even the best available gener- 
ators are not capable of supplying signals with sufficiently low 
noise and low distortion for testing the AD1382. Few generators 
permit phase-locking to the ADC clock. Phase-locking makes it 
possible to obtain an integral number of cycles of the input sine 
wave within the FFf 
data window, which in turn eliminates the 
need for windowing functions and the spectral spreading they 
cause. 


The best generator currently available for this purpose is the 
Bruel and Kjrer Model 1051 (or 1049). This generator provides a 
programmable 
output frequency up to 250 kHz with better than 
0.001 Hz resolution. The generator's distortion performance at 
frequencies below 20 kHz is better than the AD 1382 but de- 
grades at 100 kHz and higher. Noise is a problem at all frequen- 
cies, being about -85 dB over the AD 1382's bandwidth. 
Both 
noise and distortion can be reduced to acceptable levels with 
fl1ters. Passive fl1ters with narrow bandwidth will reduce har- 
monic distortion to less than -100 
dB. Inductors wound on 
large pot cores with air gaps can be made quite linear, and with 
careful winding will provide low loss and low capacitance. Such 
filters will reduce noise to negligible levels outside their pass 
band to provide a much better view of actual ADC performance. 
The effect of aperture jitter, for example, cannot be observed 
without a fl1ter. 


The FFfs 
shown in Figures 1-8 were produced using these 
methods. These tests are done as a normal part of production 
testing to guarantee the dynamic performance of the AD1382. 


High Impedance 
Inputs 
Using the AD1382 in multiplexed applications requires buffer- 
ing the part's 2.5 kO input impedance to eliminate the distort- 
ing effects of nonlinear multiplexer on-resistance. The choice of 
buffer amplifier depends on the nature of the input signals. 


"StatU" 
Applications 
Amplifier noise, CMRR linearity, and settling time are of pri- 
mary importance when the inputs are low frequency or DC. 
This is the case in a CAT scan imager, for example, when sig- 
nals are produced by integrating photocurrents. 
Noise limits 
ultimate system resolution. The AD1382 has a typical input- 
referred noise of 55 II-V rms. Buffer noise must be added to this 


in a root-sum-squares 
fashion to determine total system noise. A 
buffer amplifier which adds noise of 18 II-V rms, for example, 
will result in a system noise level of (182+552)1/2 
= 58 II-V rms, 
a negligible increase. Detailed system noise calculations require 
knowledge of the buffer's noise spectral density and equivalent 
noise bandwidth. 
The AD 1382's equivalent noise bandwidth is 
2.2 MHz. Low Noise Electronic Design (C.D. Motchenbacher 
and F.C. Fitchen, John Wiley and Sons, New York, 1973) pro- 
vides excellent discussions of noise analysis and calculations. 
Buffer amplifier CMRR produces an apparent gain error as long 
as the value of CMRR is independent 
of signal level. The size 
of this "gain error" is directly related to the actual value of 
CMRR; an amplifier with 60 dB CMRR will create an apparent 
gain error of 0.1 %. The precise value of CMRR is not critical as 
long as it remains constant with signal level. Any variation in 
CMRR with input level will introduce nonlinearity. 
The smaller 
the value of CMRR (in dB), the more critical variations in this 
value become. An amplifier with CMRR ranging from 100 dB to 
110 dB over the range of -10 V to + 10 V will produce negligi- 
ble nonlinearity, 
while an amplifier whose CMRR varies from 
60 dB to 70 dB over the same range would be completely 
unacceptable. 


Buffer settling time will affect the system's throughput. 
The 
system sample rate can be maintained at 500 kHz provided the 
buffer's settling time is less than about 1.7 microseconds. The 
input channel should be switched just after the AD 1382's SHA 
enters Hold mode as indicated by a rising edge at Hold Com- 
mand In (Pin 22). 
"Dynamic" 
Applications 
Dynamic applications complicate the choice of buffer amplifier. 
The amplifier's harmonic distortion performance now becomes 
as important as its noise, CMRR linearity, and settling behavior. 
Few manufacturers 
specify amplifier THD in the noninverting 
configuration. 
These specifications, when available, seldom ad- 
dress signals greater than 10 V p-p or at frequencies above 
1 kHz. It may be necessary to characterize candidate amplifiers 
from several vendors to find the best fit to the particular ampli- 
tude and frequency requirements 
of a particular application. 


Such evaluations are easily performed using a spectrum ana- 
lyzer. A notch fl1ter tuned to the f~damental 
frequency greatly 
improves measurement 
resolution. It is also possible to use the 
AD1382 as the measuring device by performing FFfs 
on the 
output data. Refer to the discussion of signal sources in Testing 
the AD1382. 


Unipolar 
Operation 
The AD 1382 does not provide a direct unipolar input capability. 
Unipolar inputs can be achieved using the circuits of Figures 19 
and 20. The circuit in Figure 19 is suitable when a low input 
impedance is acceptable. Multiplexed applications should use 
the circuit of Figure 20. The discussions under High Impedance 
Inputs also apply to amplifier selection for unipolar operation. 


Data Bus Interface 
The AD 1382's data outputs are CMOS 4 mA drivers and are 
not intended to be connected directly to a system data bus. 
Charging and discharging a capacitive data bus creates large sup- 
ply transients and ground spikes which can interfere with the 
AD 1382's operation and result in erroneous data. Registers 
and/or buffers should be used to isolate the AD 1382 from the 
bus. Buffering devices should be localed close lO me AD1382 to 
minimize the capacitive load presented to the converter's data 
outputs. Control will be simplified by permanently grounding 
the AD 1382's OE input when using buffers. A schematic of a 
typical 16-bit bus interface is shown in Figure 21. 


-10c<.VOUT,,-+10 


3.3k 
• 
Figure 19. Unipolar-to-Bipolar Conversion (Low Input 
Impedance) 
Figure 20. High Input Impedance Unipolar-to-Bipolar Con- 
version Circuit 


Sample Board Layout 
Figures 22-27 show the layout of an evaluation board for the 
AD1382. This layout incorporates the grounding, 
power distri- 


bution, and interface concepts described in previous sections. 
This 4-layer layout makes extensive use of ground and power 
planes and provides optimal AD1382 performance. 
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Figure 21. Basic AD 1382 Digital Interface (16-Bit 2s Complement 
Data, Autozero Not Used) 
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Figure 23. AD1382 Evaluation Board Layout, Layer 1 
(Component Side) 
• 


Figure 26. AD1382 Evaluation Board Layout, Layer 4 
(Solder Side) 


Qty. 
Ref. Des. 


1 
C1 


13 
C2, C3, C6, C7, Cll 
C12, C21, C22, C26, 
C27, C29-C31 


16 
C4, C5, C8-e1O, 
C13-e20, 
C23-e25 


2 
C28, C32 


4 
CR1-eR4 


3 
]7, J13, J14 


8 
JMP2-JMP6, 
JMP8, 


JMP9, JMP13 


3 
R1, R5, R6 


2 
RZ,R3 


2 
R4, R9 


1 
R7 


RlO 


V7 


V9 


VlO, Vll 


V12 


VB 


V14 
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Description 
(ManufacturerIPN) 


Ceramic Capacitor, 10 pF, SOV 
(Mallory CEC100J) 


Tantalum Capacitor, 10 fLF, 35 V 
(Mallory TDLl06K035SlD) 


Ceramic Cap, 0.1 fLF, 100 V (Murata 
Erie RPE122Z5Ul04M1OOV) 


Tantalum Capacitor, 39 fLF, 10 V 
(Kemet T1lOB396KOlOAS) 


1N4001 Diode 


BNC Female, PC Mount 
(Pomona 4578) 


Jumper, 2 Position (3M 929950-00) 


RN55C Resistor, 2.ook 


50k 20-Turn Trimpot* 
(Bourns 3299W-1-503) 


RN55C Resistor, 10.0k 


Carbon Composition Resistor, 
100 n, 1/2 W 


RN55C Resistor, 10 n 


74ALS74 


AD1382KD 
(Analog Devices) 


74ALS574 


AD842KN (Analog Devices) 


10 MHz DIP Crystal Oscillator 


74ALS04 


74ALS32 


Socket Strip (SPC MPS1P-32-GG) 


Pin Strip (3M 929647-01-36) 


Socket, 14-Pin Oscillator 
(Augat 504-AGlOD) 


4 
Socket, 14-Pin (Augat 514-AGllD) 


2 
Socket, 20-Pin (Augat 520-AG1lD) 


2 
Ejector Latch (3M 3505-3) 


1 
SO-Pin Connector (3M 3433-5002) 


2 
Screw, 2-56 x 1/2 


2 
Hex Nut, 2-56 
*Trimpot is a trademark of Bourns. 
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PRODUCT FEATURES 
16·Bit Resolution 
500 kHz Sampling Rate 
Differential Linearity Autocalibration 
Specified over -55°C to +125°C Range 
SNR 90 dB @ 100 kHz (minI 
THO -88 dB @ 100 kHz (minI 
0.0006% FSR DNL (typl 
0.0015% FSR INL (typl 
:5. 
:10 V Bipolar Input Ranges 
Zero Offset Autocalibration 


PRODUCT 
DESCRIPTION 
The AD1385 is a complete 500 kHz, 16-bit, 
digital converter contained in a single package. 
t differential 
linearity autocalibration 
fearure allows this high resolution, hi 


speed converter to offer outstanding noise and distortion perfor- 
mance, as well as excellent INL and DNL specifications, over 
the full military temperature 
range. Autocalibration 
effectively 


eliminates DNL drift over temperature. 


The AD1385 architecture 
includes a low noise, low distortion 
lrack/hold, 
a three pass digitally corrected sub ranging ADC, and 
linearity calibration circuitry. A complete linearity calibration 
requires only 15 ms. Precision thin-ftlm resistors and a propri- 
etary DAC contribute to the part's outstanding dynamic and 
static performance. 


• 


if 
D1385 uses four power supplies, ±5 V and ±15 V, and 
an external 10 MHz clock. Power dissipation is nominally 
2.76 W. Two user selectable bipolar input ranges, ±5 V and 
± 10 V, are provided. Careful attention to grounding and a sin- 
gle package make it easy to design PCBs to achieve specified 
performance. 


The AD 1385's pinout is nearly identical to that of the AD1382. 
Just two additional connections, 
to enable and monitor autocali- 


bration, are required. This commonality provides an easy up- 
grade path to extend system performance and operating 
temperarure range. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


AD1385 _ SPECIFICATIONS 
~T:le7s;t~:;;iS~$ n:te~)15 v, VDD = +5 V,Vss= -5 V, 10 MHz External Clock, 


AD1385KD 
AD1385TD 
Parameter 
Min 
Typ 
Mu 
Min 
Typ 
Mu 
Units 


RESOLUTION 
16 
16 
Bits 
ANALOG INPUT 
Input Ranges 
±5, ±10 
±5, ±10 
V 


Input Impedance 
2.45 
2.5 
2.55 
2.45 
2.5 
2.55 
kG 


TRANSFER CHARACTERISTICS 


(Combined ADcrrrackIHold) 
Integral Nonlinearity!' 
2, T MIN to T MAX 
±0.0015 
±0.0015 
% FSR3 


Differential Nonlinearity! 
±0.0006 
±0.0015 
±0.0006 
±0.0015 
%FSR 
Drift, T MIN to TMAX 
0.3 
0.3 
ppmf'C 
Missing Codes, T MIN to T MAX 
None 
None 
Gain Error' 
±0.05 
±0.15 
±0.05 
±0.15 
% FSR 
Drift, T MIN to T MAX 
8 
15 
8 
15 
ppmf'C 
Bipolar Zero' 
±0.05 
±O)O 
±0.05 
±0.10 
% FSR 
Drift, T MIN to T MAX 
5 
15 
5 
15 
ppmf'C 
PSRR 
±0.006 
±0.10 
±0.006 
±0.10 
% FSRN 


Noise 
70 
70 
ILVRMS 


DYNAMIC CHARACTERISTICS2 


±5 V FSR, VIN = -0.4 dB, TMIN 
to TMAX 
Sample Rate 
500 
500 
kHz 
Signal-to-Noise Ratio' 


f=5kHz 
90 
dB 
f = 100 kHz 
90 
dB 
f = 200 kHz 
88 
dB 
Peak Distortion 
f=5kHz 
-107 
dB 
f = 100 kHz 
-95 
dB 
f = 200 kHz 
-88 
dB 
Total Harmonic Distortion" 
f=5kHz 
-105 
dB 
f = 100 kHz 
-95 
dB 
f = 200 kHz 
-88 
dB 
DYNAMIC CHARACTERISTICS2 


±IO V FSR, VIN = -0.4 dB, TMIN 
to TMAX 
Sample Rate 
500 
kHz 
Signal-to-Noise Ratio' 
f=5kHz 
90 
95 
90 
95 
dB 
f = 100 kHz 
90 
94 
90 
94 
dB 
f = 200 kHz 
88 
93 
88 
93 
dB 
Peak Distortion 
f=5kHz 
-90 
-108 
-90 
-108 
dB 
f = 100 kHz 
-80 
-87 
-80 
-87 
dB 


f = 200 kHz 
-74 
-82 
-74 
-82 
dB 
Total Harmonic Distortion" 


f=5kHz 
-90 
-105 
-90 
-105 
dB 
f = 100 kHz 
-80 
-87 
-80 
-87 
dB 
f = 200 kHz 
-74 
-82 
-74 
-82 
dB 
DIGITAL INPUTS7 


Input Voltage 
VIL 
0.8 
0.8 
V 
VIH 
2.25 
2.25 
V 
Input Current 
±200 
±200 
ILA 
Input Capacitance 
2 
2 
pF 
Start Command 
Setup Time, tscs 
10 
10 
ns 


Hold Time, tSCH 
10 
10 
ns 


Autozero 
Setup Time, tAZS 
10 
10 
ns 


Hold Time, tAZH 
20 
20 
ns 


Calibrate Pulsewidth 
20 
20 
ns 


Clock 
Frequency 
2.5 
10 
2.5 
10 
MHz 


Duty Cycle 
40 
60 
40 
60 
% 


Aperture Delay' 
7 
7 
ns 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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DIGITAL 
OUTPUTS7 


Output 
Voltage 


VOL @ IOL = 3.2 mA 
VOH @ IOH = -3.2 
mA 
Output 
Capacitance 
Leakage, 
Outputs 
Disabled 
Data Valid 
Setup 
Time, 
tDvS 


Hold 
Time, 
tDvH 
Hold Command 
Time, 
tH 
Hold Command 
Delay, 
tHD 
Data 
Strobe 
Pulse Width, 
tDS 


Data 
Strobe 
Delay, 
tDSD 
Calibration 
Status 
Duration 


OUTPUT 
CODING 


INTERNAL 
REFERENCE 
Voltage 
Current 
Drift 


TEMPERATURE 
RANGE, 
CASE 
Specified 
Storage 


POWER 
REQUIREMENTS 
Specified 
Operating 
Range 
±VS 
+VDD 
-Vss 
Current 
Drains 
+VS 
-Vs 
+VDD 
-Vss 


Power 
Dissipation 


AD1385 


AD1385KD 
AD1385TD 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


0.2 
0.4 
0.2 
0.4 
V 
2.4 
3.5 
2.4 
3.5 
V 
10 
10 
pF 
±200 
±200 
fl.A 


75 
125 
75 
125 
ns • 


25 
50 
25 
50 
ns 
1300 
1300 
ns 
6 
6 
ns 
200 
200 
ns 
1650 
1650 
ns 
15 
15 
ms 


Complementary 
Offset 
Binary 
or Complementary 
Twos Complement 


9.990 
10.010 
V 
2 
mA 
15 
ppmJOC 


+125 
°C 
+150 
°C 


15.75 
V 
5.25 
V 
-4.75 
V 


52 
80 
mA 
48 
75 
mA 
104 
160 
mA 
148 
200 
mA 
2.76 
4.125 
Watts 


NOTES 
IIntegrallinearity 
is inferred from FFfs. Differential linearity is derived from histograms. 
2Performance over temperature is specified within ± 15°C of the temperature at which the last calibration was performed. 
'FSR = Full-Scale Range. 
·Adjustable to zero. 
'SNR excludes harmonics 2-9 of the fundamental. 
6THD includes harmonics 2-9 of the fundamental. 
7Refer to Figures 
17, 18 and 24. Guaranteed 
over operating 
temperature 
range, 
not 
100% production 
tested. 


IApenure 
delay is the time from the rising edge on the Hold Command Input to the opening of the switch 
in the TrackIHold. 
Specifications 
subject 
(0 change without notice. 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless 
otherwise 
agreed 
to in writing. 
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-Vs 
to AGND 
-18 V 
Voo to PGND 
7 V 
Vss to PGND 
-7 V 
AGND to PGND 
±0.3 V 
Analog Inputs 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ± Vs 


Reference Input 
0 V to + 11 V 
Digital Inputs 
-0.3 
V to Voo 
+ 0.3 V 
Output Short Circuit Duration 
Reference Output 
Indefinite 
Track/Hold 
Output 
I sec 
Digital Outputs 
I sec for Any One Output 
Case Temperature 
(Operating) 
-55·C 
to + 125·C 
Storage Temperature 
-65·C to + 150·C 


·Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


Model 


AD1385KD 
Ad1385TD 
AD1385TD/883B 


Temperature 
Range 
(Case) 


O·C to +70·C 
-55·C 
to + 125·C 
-55·C 
to + 125 


48 
VOD2 (+5 V POWER) 


47 
POWER GROUND 
46 
VSSl (-5 V POWER) 


45 
AUTOZERO 
44 
BI SELECT 
43 
POWER GROUND 
42 
POWER GROUND 
41 
CAL 
40 
GAIN ADJUST 
39 
+ 10 V REFERENCE OUT 


'38 
-VS1 (-IS V) 


37 
SIGNAL GROUND 
36 
+Vs1(+15V) 


35 
SIGNAL GROUND 
34 
DNC 
33 
DNC 
32 
+ 10 V REFERENCE IN 


31 
V1N B 


30 
V1N A 
29 
OFFSET ADJUST 
28 
CAL STATUS 
27 
TRACKlHOLD OUTPUT 
26 
SIGNAL GROUND 
25 
TRACKlHOLD INPUT 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


1IIIIIIII ANALOG 
WDEVICES 


I 


FEATURES 
Conversion Time: 800 ns 
1.25 MHz Throughput Rate 
Complete: On-Chip Sample-and-Hold Amplifier and 
Voltage Reference 
Low Power Dissipation: 570 mW 
No Missing Codes Guaranteed 
Signal-to-Noise Plus Distortion Ratio 
f'N = 100 kHz: 69 dB Minimum 
Pin Configurable Input Voltage Ranges 
Twos Complement or Offset Binary Output Data 
28-Pin DIP or 28-Pin Surface Mount Package 
Out of Range Indicator 


PRODUCT 
DESCRIPTION 
The ADI671 is a monolithic 12-bit, 1.25 MSPS analog-to-digital 
\. ~ 


converter with an on-board, high performance sample-an 
-hold 
~, 


amplifier (SHA) and voltage reference. The ADI671 gu 
no missing codes over the full operating temper 
ran 
_ 
e 
combination of a merged high speed bipolar 
r~s 
and 
a novel architecture 
results in a combin 
on 
and 
er 


consumption far superior to previO\lSy a 
all e 
ybrid 
pIe, 


mentations. 
Additionally, the greater reliability of monolithic 
construction offers improved system re1iab" 
and ower costs 
than hybrid designs. 


The fast settling input SHA is equally suited for both multi- 
plexed systems that switch negative to positive full-scale voltage 
levels in successive channels and sampling inputs at frequencies 
up to and beyond the Nyquist rate. The ADI671 provides both 
reference output and reference input pins, allowing the on-board 
reference to serve as a system reference. An external reference 
can also be chosen to suit the dc accuracy and temperature 
drift 


requirements 
of the application. 


The ADl671 uses a subranging flash conversion technique, with 
digital error correction for possible errors introduced in the first 
part of the conversion cycle. An on-chip timing generator pro- 
vides strobe pulses for each of the four internal flash cycles. A 
single ENCODE 
pulse is used to control the converter. The dig- 


ital output data is presented in twos complement or offset binary 
output format. An out-of-range signal indicates an overflow con- 
dition. It can be used with the most significant bit to determine 
low or high overflow. 


The performance of the ADI671 is made possible by using high 
speed, low noise bipolar circuitry in the linear sections and low 
power CMOS for the logic sections. Analog Devices' ABCMOS-I 
process provides both high speed bipolar and 2-micron CMOS 
devices on a single chip. Laser trimmed thin-fIlm resistors are 
used to provide accuracy and temperature 
stability. 


Complete 12-Bit 1.25 MSPS 
Monolithic AID Converter 


AD1671 
I 
• 


:01671 is available in two performance grades and three 
temperature-ranges. 
The ADI671J and K grades are available 
over thf-O"C 
+70"C temperature 
range. The ADI671A grade 
. available over the -40°C to +85°C temperature 
range. The 
AD167lS grade is available over the -55°C to + 125°C tempera- 


e range. 


PRODUCT HIGHLIGHTS 
The ADI671 offers a complete single chip sampling 12-bit, 
1.25 MSPS analog-to-digital conversion function in a 28-pin 
package. 


The ADI671 at 570 mW consumes a fraction of the power of 
currently available hybrids. 


An OUT OF RANGE output bit indicates when the input sig- 
nal is beyond the ADI671's 
input range. 


Input signal ranges are 0 V to + 5 V uuipolar or ± 5 V bipolar, 
selected by pin strapping, with an input resistance of 10 kO. 
The input signal range can also be pin strapped for 0 V to 
+ 2.5 V uuipolar or ±2.5 V bipolar with an input resistance of 
10 MO. 


Output data is available in uuipolar, bipolar offset or bipolar 
twos complement binary format. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


AD1671-SPECIFICATIONS 


DC SPECIFICATIONS 


(TMIN to TMAXwith Vec = +5 
V ± 5%, VlOGIC = +5 
V ± 10%, VEE = -5 
V ± 5%, unless otherwise 
indicated) 


AD1671JIAIS 
AD1671K 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
12 
12 
Bits 


CONVERSION 
TIME 
800 
800 
ns 


ACCURACY 


Integral Nonlinearity 
(INL) 
±1.5 
±2 
±0.7 
±1.5 
LSB 
Differential 
Nonlinearity 
(DNL) 
11 
12 
Bits 


No Missing Codes 
11 Bits Guaranteed 
12 Bits Guaranteed 
Unipolar Offset' 
(+ 25OC) 
±8 
±8 
LSB 
Bipolar Zero' (+ 25'C) 
±IO 
±IO 
LSB 
Gain Error" 
2 (+ 25OC) 
0.1 
0.25 
0.1 
0.25 
% FSR 


TEMPERATURE 
COEFFICIENTS' 
Unipolar Offset 
±IO 
±IO 
ppmf'C 
Bipolar Zero 
±15 
±15 
ppmf'C 
Gain Error' 
±30 
±30 
ppmf'C 


Gain Error' 
±20 
±20 
ppmf'C 


POWER 
SUPPLY 
REJECTION' 
Vcc; (+5 V ± 0.25 V) 
±2 
LSB 
VLOGle (+5 V ± 0.25 V) 
±2 
LSB 


VEE (-5 
V ± 0.25 V) 
±2 
LSB 


ANALOG 
INPUT 


Input Ranges 
Bipolar 
+2.5 
Volts 


+5.0 
Volts 


Unipolar 
+2.5 
Volts 


+5.0 
Volts 
Input Resistance 


(0 V to +2.5 V or ±2.5 V Range) 
10 
Mil 


(0 V to +5.0 V or ±5 V Range) 
10 
12 
kil 
Input Capacitance 
10 
pF 
Apenure 
Delay 
15 
ns 


Apenure 
jitter 
20 
ps 


INTERNAL 
VOLTAGE 
REFERENCE 
Output 
Voltage 
2.5 
Volts 


Output 
Current 
Unipolar Mode 
+2.5 
+2.5 
mA 
Bipolar Mode 
+1.0 
+1.0 
mA 


LOGIC INPUTS 
High Level Input Voltage, VlH 
2.0 
2.0 
Volts 
Low Level Input Voltage, V1L 
0.8 
0.8 
Volts 


High Level Input Current, 
IlH (VIN = VU)G1c) 
-10 
+10 
-10 
+10 
!LA 
Low Level Input Current, 
IlL (VIN = 0 V) 
-10 
+10 
-10 
+10 
!LA 
Input Capacitance, 
CIN 
pF 
LOGIC OUTPUTS 
High Level Output 
Voltage, VOH (loH = 0.5 mAl 
2.4 
2.4 
Volts 


Low Level Output 
Voltage, VOL (loL = 1.6 mAl 
0.4 
0.4 
Volts 


POWER 
SUPPLIES 
Operating 
Voltages 


Vcc; 
+4.75 
+5.25 
+4.75 
+5.25 
Volts 


VL<x;IC 
+4.5 
+5.5 
+4.5 
+5.5 
Volts 


VEE 
-4.75 
-5.25 
-4.75 
-5.25 
Volts 
Operating 
Current 
lee 
55 
68 
55 
68 
mA 


IU>GIC 
6 
3 
5 
3 
5 
mA 
lEE 
-55 
-68 
-55 
-68 
mA 


POWER 
CONSUMPTION 
570 
750 
570 
750 
mW 
TEMPERATURE 
RANGE (SPECIFIED) 


jlK 
0 
+70 
0 
+70 
OC 
A 
-40 
+85 
-40 
+85 
'C 


S 
-55 
+125 
-55 
+125 
OC 


NOTES 
'Change 
in gain error as a function 
of the de supply 
voltage. 


IAdjustable 
to zero with external 
potentiometers. 
'Tested 
under 
static conditions. 
See Figure 
10 for typical 
curve 


2Inc1udes internal 
voltage reference 
error. 
of ILOGlc vs. load capacitance 
at maximum 
fe. 
3+25°C 
to TM1N and +25OC to TMAX• 
Specifications 
subiect 
to change 
without 
notice. 
"Excludes 
internal 
reference 
drift. 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless 
otherwise 
agreed 
to in writing. 


AC SPECIFICATIONS 


ITMIN to TMAX with Vcc = +5 V :t: 5%, VlDG1C = +5 V ± 10%, VEE= -5 
V ± 5%, 'SAMPU 
= 1 MSPS, 


'INPUT = 1DOkHz, unless otherwise noted)1 


AD1671JIAlS 
AD1671K 
Parameter 
MiD 
Typ 
Max 
MiD 
Typ 
Max 
Units 


SlGNAL-TO-NOISE 
PLUS DISTORTION 
RATIO 


(SIN + D) 
-0.5 
dB Input 
69 
70 
70 
71 
-20 dB Input 
50 
51 


EFFECfIVE 
NUMBER OF BITS (ENOB) 
11.2 
11.3 


TOTAL 
HARMONIC 
DISTORTION 
(THD) 
-80 
-75 
-83 


SPURIOUS FREE DYNAMIC RANGE 
-80 
-77 
-81 


SMALL SIGNAL BANDWIDTH 
12 
12 


FULL POWER BANDWIDTH 
2 
2 


INTERMODULATION 
DISTORTION 
(IMDi 


2nd Order Products 
-80 
3rd Order Products 
-85 


NOTES 
'fIN amplitude = -0.5 
dB (9.44 V p-p) bipolar mode full scale unless otherwise' 
. 
otherwise indicated. 
N 


'fA = 99 kHz, fa = 100 kHz with fSAMPLE= 1 MSPS. 
Specifications subject to change without notice. 


SWITCHING SPECIFIC 


Parameters 
Typ 
Max 
Units 


Conversion Time 
800 
ns 
ENCODE Pulse Width Hi 
(Figure la) 
20 
50 
ns 
ENCODE Pulse Width Low (Figure Ib) 
20 
ns 
DAV Pulse Width 
150 
300 
ns 
ENCODE Falling Edge Delay 
0 
ns 
Start New Conversion Delay 
20 
ns 
Data and OTR Delay from DAV Falling Edge 
20 
75 
ns 
Data and OTR Valid before DAV Rising Edge 
20 
75 
ns 


dB 
dB 


dB • 
dB 


MHz 


MHz 


dB 
dB 
TBD 
TBD 


NOTES 
'too is measuted from when the falling edge of DAV crosses 0.8 V to when the output crosses 0.4 V or 2.4 V with a 25 pF load capacitor on each output pin. 
'tss is measuted from when the outputs cross 0.4 V or 2.4 V to when the rising edge of DAV crosses 2.4 V with a 25 pF load capacitor on each output pin. 


Specifications 
subject 
to change 
without 
notice. 


-J~i+ 


ENCODE J 
'- 
.,,1" 


,- 
tC~I_ 
_________ 
t 


DAV 
tR r- 


DAV 


too 
tss 


B1T1-12 -----------v:-::=-:- 
MSB,OTR 
DATA0 (PREVIOUS) 
~ 
~ 
B1T1-12 -----------V 
~,OTR 
DATA0 (PREVIOUS) 
1t 
DATA1 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


Symbol 


ACOM 


AIN 


BIT I (MSB) 
BIT 2-BIT 
11 


BIT 12 (LSB) 


BPOIUPO 
DAV 


DCOM 
ENCODE 
MSB 
OTR 


REF IN 
REF OUT 
SHAOUT 
Vcc 
VEE 
VLOGIC 


Pin No. 


27 
22,23 


13 
12-3 


2 


26 


16 


Type 


P 
AI 


Name and Function 


Analog Ground. 
Analog Inputs, AINI and AIN2. The AD1671 can be pin strapped for four input ranges: 
Range 
Pin Strap 
Signal Input 
o to +2.5 V, :t2.5 V 
Connect AINI to AIN2 
AINI or AIN2 
o to +5 V, :t5 V 
Connect AINI or AIN2 to ACOM 
AINI or AIN2 
Most Significant Bit. 
Data Bits 2 through 
11. 


Least Significant Bit. 
Bipolar or Unipolar Configuration 
Pin. See section on Input Range Connections for details. 


Data Available Output. 
The rising edge of DAV indicates an end of conversion and can be used 
to latch current data into an external register. The falling edge of DAV can be used to latch 
previous data into an external register. 
Digital Ground. 


The analog input is sampled on the rising edge of ENCODE. 
Inverted Most Significant Bit. Provides twos compleme 
otput 
data format. 
Out of Range is Active HIGH when the analog in 
t~·· out of range. See Output Data Format, 


Table III. 
REF COM is the internal referen 
the Grounding and Decoupling 
REF IN is the external ~.5 
REF OUT is the'~t 
mal 2 
re ere 


No Co 
0 biPo~ii1put 
r~ 
+S~\T:AiIalog 
er. 


- 5iM Amilog Po e, 
+ 5 
igi~:row~( 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


-0.5 
-6.5 
-6.5 
-1.0 
-6.5 
-0.5 


Volts 
Volts 
Volts 
Volts 
Volts 
Volts 


Vcc 
ACOM 
VEE 
ACOM 
VLOGIC 
DCOM 
ACOM 
DCOM 
Vcc 
VLOG1C 
ENCODE 
DCOM 
REF IN 
ACOM 
AIN 
ACOM 
BPOIUPO 
ACOM 
Junction Temperature 
+ 150 
°C 
Storage Temperature 
-65 
+ 150 
°C 
Lead Temperature 
(10 sec) 
+300 
°C 
·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanenl damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is Dot implied. Exposure to 
absolute maximum ratings for extended periods may effect device reliability. 


+6.5 
+0.5 
+0.5 
+1.0 
+6.5 
VLOGIc+0.5 


Linearity 


±2 LSB 
±I LSB 
±2 LSB 
±2 LSB 


Temperature 
Range 


O°Cto +70°C 
O°Cto +70° 
-40°C 
-,5 


ADl671JN 
ADI671KN 
ADl671AQ 
ADi 671SQ 


NOTES 
'For details on grade and package offerings 
MIL-STD-883, 
refer to Analog Devices' 


rent AD1671/883 data sbeet. 
'N = Plastic DIP; Q = Cerdip. For outline information s 
mation section. 


DEFINITIONS 
OF SPECIFICATIONS 
INTEGRAL 
NONLINEARITY 
(INL) 
Integral nonlinearity refers to the deviation of each individual 
code from a line drawn from "zero" through "full scale." The 
point used as "zero" occurs 1/2 LSB (1.22 mV for a 10 V span) 
before the fIrst code transition (all zeros to only the LSB on). 
"Full-scale" is defmed as a level I 1/2 LSB beyond the last code 
transition (to all ones). The deviation is measured from the low 
side transition of each particular code to the true straight line. 


DIFFERENTIAL 
LINEARITY 
ERROR (NO MISSING 
CODES) 
An ideal ADC exhibits code transitions that are exactly I LSB 
apart. DNL is the deviation from the ideal value. Thus every 
code has a fInite width. Guaranteed no missing codes to II or 
12-bit resolution indicates that all 2048 and 4096 codes, respec- 
tively, must be present over all operating ranges. No missing 
codes to II bits (in the case of a 12-bit resolution ADC) also 
means that no two consecutive codes are missing. 


UNIPOLAR 
OFFSET 
The fIrst transition should occur at a level 1/2 LSB above analog 
common. Unipolar offset is defmed as the deviation of the actual 
from that point. This offset can be adjusted as discussed later. 
The unipolar offset temperature 
coeffIcient specifIes the maxi- 
mum change of the transition point over temperature, 
with or 
without external adjustments. 


BIPOLAR ZERO 
In the bipolar mode the major carry transition (0111 1111 1111 
to 1000ססoo 0000) should occur for an analog value 1/2 LSB 
below analog common. The bipolar offset error and temperature 
coeffIcient specify the initial deviation and maximum change in 
the error over temperature. 


GAIN ERROR 
The last transition (from 1111 1111 1110 to 1111 1111 1111) 
should occur for an analog value I 1/2 LSB below the nominal 
• 
full scale (4.9963 volts for 5.000 volts full scale). The gain error 
is the deviation of the actual level at the last transition from the 
ideal level. The gain error can be adjusted to zero as shown in 
Figures 4 through 7. 


TEMPERATURE 
COEFFICIENTS 
The temperature 
coe lcients for unipolar offset, bipolar zero 
and gain error s 
i 
the maximum change from the initial 
(+25°C) v 
th 
alue at TM'N or TMAx' 


REJECTION 
f power supply error on the performance of 
change in gain. The specifIcations 
-scale change from the initial value with 
e various limits. 


IC SPECIFICATIONS 
NAL-!- 
OISE PLUS DISTORTION 
(SIN +D) RATIO 
e 
'0 of the rms value of the measured input sig- 
t 
s sum of all other spectral components, 
including 
nI· 
but excluding de. The value for SIN + D is expressed 
decibels. 


TOTAL 
HARMONIC 
DISTORTION 
(THD) 
THD is the ratio of the rms sum of the fIrst six harmonic com- 
ponents to the rms value of the measured input signal and is 
expressed as a percentage or in decibels. 


INTERMODULATION 
DISTORTION 
(IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products 
of order (m+n), 
at sum and difference frequencies of mfa ± 
nfb, where m, n = 0, I, 2, 3 .... 
Intermodulation 
terms are 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa - fb), and the third 
order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and (2fb - 
fa). The IMD products are expressed as the decibel ratio of the 
rms sum of the measured input signals to the rms sum of the 
distortion terms. The two signals are of equal amplitude and the 
peak value of their sum is -0.5 
dB from full scale. The IMD 
products are normalized to a 0 dB input signal. 


PEAK SPURIOUS 
OR PEAK HARMONIC 
COMPONENT 
The peak spurious or peak harmonic component is the largest 
spectral component, 
excluding the input signal and de. This 
value is expressed in decibels relative to the rms value of a full- 
scale input signal. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


APERTURE 
DELAY 
Aperture delay is the difference between the switch delay and 
the analog delay of the SHA. This delay represents the point in 
time, relative to the rising edge of ENCODE 
input, that the 
analog input is sampled. 


APERTURE 
JIITER 
Aperture jiner is the variation in aperture delay for successive 
samples. 


THEORY 
OF OPERATION 
The ADI671 uses a successive subranging architecture. 
The 
analog-tn-digital conversion takes place in four independent 
steps or flashes. The sampled analog input signal is subranged 
to an intermediate 
residue voltage for the fmal 12-bit result by 
utilizing multiple flashes with subtraction 
DACs (see the 
ADI671 functional block diagram). 


The ADI671 can be configured to operate with unipolar (0 V to 
+5 V, 0 V to +2.5 V) or bipolar (±S V, ±2.S V) inputs by 
connecting AIN (Pins 22, 23), SHA OUT (pin 25) and 
BPOIUPO (Pin 26) as shown in Figure 2. 


The ADI671 conversion cycle begins by simply providing an 
active HIGH level on the ENCODE 
pin (pin 17). The rising 
edge of the ENCODE 
pulse starts the conversion. The falling 


edge of the ENCODE 
pulse is specified to operate within a win- 
dow of time, less than SOns after the rising edge of ENCODE 
or after the falling edge of DAV. The time window prevents 
digitally coupled noise from being introduced during the fmal 
stages of conversion. An internal timing generator circuit accu- 
rately controls SHA, flash and DAC timing. 


Upon receipt of an ENCODE 
command the input voltage is 


held by the front-end SHA and the ftrst 3-bit flash convens the 
analog input voltage. The 3-bit result is passed to a correction 
logic register and a segmented cunent 
output DAC. The DAC 
output is connected through a resistor (within the Range/Span 
Select Block) to SHA OUT. A residue voltage is created by sub- 
tracting the DAC output from SHA OUT, which is less than 
one eighth of the full-scale analog input. The second flash has 
an input range that is configured with one bit of overlap with 
the previous DAC. The overlap allows for errors during the 
flash conversion. The ftrst residue voltage is connected to the 
second 3-bit flash and to the noninvening 
input of a high speed, 


differential, gain of eight amplifier. The second flash result is 
passed to the correcti~l2lic 
register and to the second seg- 
mented current 
Wut D 
C. The output of the second DAC is 


connected to 
ve . g mput of the differential amplifier. 
The diffl 
n' 
plifier output is connected to a two-step, 
bllck a, 
-HI flash. 
~s 8-bit flash consists of coarse and flOe 
sh COnveners. 
e 
t oj the coarse 4-bit flash convener, 
also conft 
d"to 
~one 
bit of DAC 2, is connected to the 
corJ;!=c 
I' 
c ti!gister and selects one of 16 resistors from 
whic 
tti 
e +bit 
flash will establish its span voltage. The flOe 
bl 
sli is connected directly to the output latches. 


The internar" 
enerator automatically places the SHA into 
the 
uire 
ode when DAV goes LOW. Upon completion of 
con 
n when DAV is set HIGH), 
the SHA has acquired the 
analog input to the specified level of accuracy and will remain in 
the sample mode until the next ENCODE 
command. 


The ADI671 will flag an out-of-range condition when the input 
voltage exceeds the analog input range. OTR (Pin IS) is active 
HIGH when an out-of-range high or low condition exists. Bits 
1-12 are HIGH when the analog input voltage is greater than 
the selected input range and LOW when the analog input is less 
than the selected input range. 


APPLYING 
THE AD1671 
GROUNDING 
AND DECOUPLING 
RULES 
Proper grounding and decoupling should be a primary design 
objective in any high speed, high resolution system. The 
ADI671 separates analog and digital grounds to optimize the 
management of analog and digital ground currents in a system. 
The ADI671 is designed to minimize the current flowing from 
REF COM (Pin 20) by directing the majority of the current 
from Vcc (+5 V-Pin 28) to VEE (-5 
V-Pin I). Minimizing ana- 
log ground cunents 
hence reduces the potential for large ground 
voltage drops. This can be especially true in systems that do not 
utilize ground planes or wide ground runs. REF COM is also 
configured to be code independent, 
therefore reducing input 
dependent analog ground voltage drops and errors. Code depen- 
dent ground cunent 
is divened to ACOM (pin 27). Also critical 
in any high speed digital design is the use of proper digital 
grounding techniques to avoid potential CMOS "ground 
bounce." 
Figure 3,is provided to assist in the proper layout, 
grounding and decoupling techniques. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


Table I is a list of grounding and decoupling rules that should 
be reviewed before laying out a printed circuit board. 


Power Supply 
Decoupling 


Capacitor Values 


Refereoce 
(REF OUT) 


Capacitor Value 


Grouodio 


Commeot 


0.1 fLF(Ceramic) and I fLF 
(Tantalum) 
Surface Mount Chip 
Capacitors Recommended 
to 
Reduce Lead Inductance 


Directly at Positive and Negative 
Supply Pins to Common Ground 
Plane 
• 


Ground Plane or Wide Ground 
Return Connected to the Analog 
Power Supply 


Critical Common Connections 
Should be Star Connected to REF 
COM (as Shown in Figure 3) 


Ground Plane or Wide Ground 
Return Connected to the Digital 
Power Supply 


Connected Together Once at the 
ADl671 


UNIPOLAR 
(0 V TO +5 V) CALmRATION 
The ADI671 is factory trimmed to minimize offset, gain and 
linearity errors. In some applications the offset and gain errors 
of the ADI671 need to be externally adjusted to zero. This is 
accomplished by trimming the voltage at AIN2 (pin 22). The 
circuit in Figure 4 is recommended 
for calibrating offset and 
gain errors of the ADI671 when configured in the 0 V to +5 V 
input range. If the offset trim resistor RI is used, it should be 
trimmed as follows, although a different offset can be set for a 
particular system requirement. 
This circuit will give approxi- 
mately :!:5 mV of offset trim range. Nominally the ADI671 is 
intended to have a 1/2 LSB offset so tltat the exact analog input 
for a given code will be in the middle of tltat code (halfway 
between the transitions to the codes above it and below it). 
Thus, the first transition (fromססooססooססoo toססooססoo 
0001) will occur for an input level of + 1/2 LSB (0.61 mV for 
5 V range). 


The gain trim is done by applying a signal I 1/2 LSBs below the 
nominal full scale (4.998 for a 5 V range). Trim R2 to give the 
last transition (1111 1111 1110 to 1111 1111 1111). This circuit 
will give approximately 
:!:0.5% FS of adjustment range. 


.5V 
OFFSET 
Rl 
AOJ 10k 


-6V 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


BIPOLAR (±5 V) CALmRATION 
The connections for the bipolar ±5 V input range is shown in 
Figure 5. 


Bipolar calibration is similar to unipolar calibration. First, a sig- 
nal 1/2 LSB above negative full scale (-4.9988 
V) is applied and 
RI is trimmed to give the fIrst transition (סס OOסס ooסס oo to 
סס ooסס oo 0001). Then a signal I 1/2 LSB below positive full 
scale (+4.9963 V) is applied and R2 is trimmed to give the last 
transition (1111 1111 1110 to 1111 1111 1111). 


+5V 


OFFSET 
Rl 
ADJ 10k 


-6V 


UNIPOLAR 
(0 V TO +2.5 V) CALm 
no 
The connections for the 0 V to +2.5 V input range cali 
n is 
shown in Figure 6. Figure 6 shows an example of hOlli'the offset 
error can be trimmed in front of the ADI671. The procedure 
for trimming the offset and gain errors is the same as for the 
unipolar 5 V range. 


BIPOLAR (±2.5 V) CALmRATION 
The connections for the bipolar ±2.5 V input range is shown in 
Figure 7. 


BIN 
Bmo 
BITll 
Bm2 


74HC574 
10 
10 
20 
20 
30 
30 
40 
40 
50 
50 
80 
sa 
7D 
70 
80 
sa 
CLOCK 
OC 


74HC574 
10 
10 
20 
2Q 
30 
30 
4D 
4Q 
50 
50 
80 
sa 
7D 
70 
80 
sa 
CLOCK oc 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


VU ~ VI' KJlNu~ 
An out-of-range condition exists when the analog input volt- 
age is beyond the input range (0 V to +2.5 V, 0 V to +5 V, 
±2.5 V, ±5 V) of the converter. OTR (pin IS) is set low when 
the analog input voltage is within the analog input range. OTR 
is set HIGH and will remain HIGH when the analog input volt- 
age exceeds the input range by typically 1/2 LSB (OTR transi- 
tion is tested to ±6 LSBs of accuracy) from the center of the 
±full-scale output codes. OTR will remain HIGH until the ana- 
log input is within the input range and another conversion is 
completed. By logical ANDing OTR with the MSB and its com- 
plement, overrange high or underrange low conditions can be 
detected. Table II is a truth table for the over/under range 
circuit in Figure 9. Systems requiring programmable 
gain condi- 
tioning prior to the ADI671 can immediately detect an out-of- 
range condition, 
thus eliminating gain selection iterations. 


OTR 
MSB 
Analog Input Is 


0 
0 
In Range 
0 
I 
In Range 
I 
0 
Underrange 
I 
I 
Overrange 
• 


Digital 
Output 
OTR' 


0000 0000 0000 
I 
0000 0000 0000 
0 
1!11 1111 1111 
0 
1111 1111 llli 
I 


ססooססooססoo 
I 
ססooססooססoo 
0 
1111 1111 1111 
0 
111111111111 
I 


-2.5 
V to +2.5 V 
Offset Binaryססooססooססoo 
I 
ססooססooססoo 
0 
1111 1111 1111 
0 
111111111111 
I 


-5 V to +5 V 
Offset Binary 
:5 -5.0012 
V 
0000 0000 0000 
I 
-5 V 
0000 0000 0000 
0 
+5 V 
llli 
1111 1111 
0 


2: +4.9988 V 
1111 1111 1111 
I 


-2.5 
V to +2.5 V 
2s Complement 
:5 -2.5006 
V 
1000 0000 0000 
I 


(Using MSB) 
-2.5 
V 
1000 0000ססoo 
0 
+2.5 V 
0111 1111 1111 
0 


2: +2.4994 V 
0111 1111 1111 
I 


-5 V to +5 V 
2s Complement 
:5 -5.0012 
V 
1000ססooססoo 
I 
-5 V 
1000ססooססoo 
0 
+5 V 
0111 1111 1111 
0 


2: +4.9988 V 
0111 1111 1111 
I 


NOTES 
IVoltages listed are with offset and gain errors adjusted to zero. 
2Typical performance. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


OPTIONAL EXTERNAL 
REFERENCE 
The AD1671 includes an on-board +2.5 V reference. The refer- 
ence input pin (REF IN) can be connected to reference output 
pin (REF OUT) or a standard external +2.5 V reference can be 
selected to meet specific system requirements. 
Fast switching 
input dependent currents are modulated at the reference input. 
The reference input voltage can be held with the use of a capaci- 
tor. To prevent the AD1671's on-board reference from oscillat- 
ing when not connected to REF IN, REF OUT must be 
connected to analog ground. Connecting REF OUT to analog- 
(j 


ground, due to its output circuit implementation 
shuts dOwn ~ 
••• 
\ '\. • 


""',,~ ",p,u 
~ 
\ ~ , 
~~CQ~~~ 


The AD167l provides both MSB and MSB outputs, 
delivering 
data in positive true straight binary for unipolar input ranges 
and positive true offset binary or twos complement for bipolar 
input ranges. Straight binary coding is used for systems that 
accept positive-only signals. If straight binary coding is used 
with bipolar input signals, a 0 V input would result in a binary 
output of 2048. The application software would have to subtract 
2048 to determine the true input voltage. Host registers typically 
perform math on signed integers and assume data is in that 
format. Twos complement format minimizes software overhead 
which is especially important 
in high speed data transfers, such 
as a DMA operation. The CPU is not bogged down performing 
data conversion steps, hence the total system throughput 
is 
increased. 


Figure 10 is the typical logic supply current vs. conversion rate 
for various capacitor loads. 
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This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 
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I 
FEATURES 
Complete Monolithic 12-Bit 10 ,..s Sampling ADC 
On-Board Sample-and-Hold Amplifier 
Industry Standard Pinout 
8- and 16-Bit Microprocessor Interface 
AC and DC Specified and Tested 
Unipolar and Bipolar Inputs 
±5 V, ±10 V, 0-10 V, 0-20 V Input Ranges 
Commercial, Industrial and Military Temperature 
Range Grades 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 
The ADl674 is a complete, multipurpose, 
12-bit analog-to- 
digital converter, consisting of a user-transparent 
on-board 


sample-and-hold 
amplifier (SHA), 10 volt reference, clock and 
three-state output buffers for microprocessor interface. 


The ADl674 is pin compatible with the industry standard 
AD574A and AD674A, but includes a sampling function while 
delivering a faster conversion rate. The on-chip SHA has a wide 
input bandwidth supporting 
12-bit accuracy over the full 
Nyquist bandwidth of the converter. 


The ADl674 is fully specified for ac parameters (such as 
S/(N + D) ratio, THD, 
and IMD) and dc parameters (offset, 
full-scale error, etc.). With both ac .and dc specifications, the 
ADl674 is ideal for use in signal processing and traditional dc 
measurement 
applications. 


The ADl674 design is implemented using Analog Devices' 
BiMOS II process allowing high performance bipolar analog 
circuitry to be combined on the same die with digital CMOS 
logic. 


Five different grades are available. The ADl674J 
and K grades 
are specified for operation over the O°Cto + 70°C temperature 
range. The A and B grades are specified from -40°C to + 85°C; 
the ADl674T 
grade is specified from -55°C to + 125°e. The J 
and K grades are available in a 28-pin plastic DIP or 28-lead 
SOle. 
All other grades are available in a 28-pin hermetically 


sealed ceramic DIP. 


12-Bit 100 kSPS 
AID Converter 


AD1674* 
I 
• 
~ 
:>.. 


~ 
o 
0811 
(MSB) 
w 
12 
DBO(lSB) 
~ 
REF IN 


BIPOFF 
2OV~ 


PRODUCT 
HIGHLIGHTS 
1. Industry Standard Pinout: The ADl674 utilizes the pinout 
established by the industry standard AD574A and AD674A. 
In stand-alone mode, the ADl674 has identical interface re- 
quirements as the AD574A and AD674A. In full control 
mode, the ADl674 requires slight control timing modification. 


2. Integrated 
SHA: The ADl674 has an integrated SHA which 
supports the full Nyquist bandwidth of the converter. The 
SHA function is transparent 
to the user; no wait-states are 
needed for SHA acquisition. 


3. DC and AC Specified: In addition to traditional dc specifica- 
tions, the ADl674 is also fully specified for frequency 
domain ac parameters such as total harmonic distortion, 
signal-to-noise ratio and input bandwidth. 
These parameters 


can be tested and guaranteed as a result of the on-board 
SHA. 


4. Analog Operation: The precision, laser-trimmed 
scaling and 
bipolar offset resistors provide four calibrated ranges: 0 to 
+10 V and 0 to +20 V unipolar, 
-5 V to +5 V and -10 V 
to +10 V bipolar. The ADl674 operates on +5 V and 
± 12 V or ± 15 V power supplies. 


5. Flexible Digital Interface: On-chip multiple-mode 
three-state 
output buffers and interface logic allow direct connection to 
most microprocessors. 


AD1674-SPECIFICATIONS 


DC SPECIFICATIONS 


(Tml. to TOIl.' Vcc = + 15 V '!= 1.0~ or + 12 V ± 5%. VLDG1C= +5 V ± 10%. VEE = -15 
V ± 10% or 
-12 
V ± 5% unless otherwise indIcated) 


AD1674J 
AD1674K 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
12 
12 
Bits 


INTEGRAL 
NONLINEARITY 
(INL) 
±1 
±1/2 
LSB 


DIFFERENTIAL 
NONLINEARITY 
(DNL) 
(No Missing Codes) 
12 
12 
Bits 


UNIPOLAR 
OFFSET' 
(fl 25°C 
±3 
±2 
LSB 


BIPOLAR OFFSET' 
(fl 25°C 
±6 
±4 
LSB 


FULL-SCALE 
ERROR" 
2 (fl 25°C 


(with Fixed 50 0 Resistor from REF OUT to REF IN 
0.1 
0.25 
0.1 
0.25 
% ofFSR 


TEMPERATURE 
RANGE 
0 
+70 
0 
+70 
°C 


TEMPERATURE 
DRIFT' 
Unipolar Offset2 
±2 
±1 
LSB 
Bipolar Offset2 
±2 
±1 
LSB 
Full-Scale Error' 
I 
±6 
±3 
LSB 


POWER SUPPLY REJECTION 
Vcc = 15 V ± 1.5 V or 12 V ± 0.6 V 
±2 
±1 
LSB 
VLOGIC 
= 5 V ± 0.5 V 
±112 
±112 
LSB 
VEE = -15 V ± 1.5 V or -12 V ± 0.6 V 
±2 
±1 
LSB 


ANALOG INPUT 
Input Ranges 
Bipolar 
-5 
+5 
-5 
+5 
Volts 
-10 
+10 
-10 
+10 
Volts 
Unipolar 
0 
+10 
0 
+10 
Volts 
0 
+20 
0 
+20 
Volts 
Input Impedance 
10 Volt Span 
3 
5 
7 
3 
5 
7 
kO 
20 Volt Span 
6 
10 
14 
6 
10 
14 
kO 
POWER SUPPLIES 
Operating Voltages 
VLOG1C 
+4.5 
+5.5 
+4.5 
+5.5 
Volts 


Vcc 
+11.4 
+16.5 
+11.4 
+16.5 
Volts 
VEE 
-16.5 
-11.4 
-16.5 
-11.4 
Volts 
Operating Current 
ILOG1C 
5 
8 
5 
8 
mA 
Icc 
10 
14 
10 
14 
mA 


lEE 
14 
18 
14 
18 
mA 


POWER DISSIPATION 
385 
575 
385 
575 
mW 
INTERNAL 
REFERENCE 
VOLTAGE 
9.9 
10.0 
10.1 
9.9 
10.0 
10.1 
Volts 
Output Current (Available for External Loads) 
2.0 
2.0 
mA 


(External Load Should Not Change During Conversion) 


NOTES 


IAdjustable 
to zero. 
2Inc1udes 
internal 
voltage 
reference 
error. 
3Maximum 
change 
from 
25°C value 
to the value 
at T mm or T mall' 


Specifications 
shown 
in boldface 
are tested 
on all devices 
at final electrical 
test 
with 
worst 
case supply 
voltages 
at T mln' 25"<:, and T m••.• Results 
from 
those 
tcsts 


are used 
to calculate 
outgoing 
qualiry 
levels. 
All min and max specifications 
arc guaranteed, 
although 
only 
those 
shown 
in boldface 
are tested. 


Specifications 
subject 
to change 
without 
notice. 


ADl674A 
ADl674B 
AD1674T 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
12 
12 
12 
BilS 


INTEGRAL 
NONLINEARITY 
(INL) 
(C. 25°C 
:1:1 
:1:1/2 
:1:1/2 
LSB 
Tmin to Tmax 
:1:1 
:1:112 
:1:1 
LSB 


DIFFERENTIAL 
NONLINEARITY 
(DNL) 
(no missing codes) 
12 
12 
12 
Bits 


UNIPOLAR 
OFFSET' 
@ 25°C 
:1:2 
:1:2 
:1:2 
LSB 


BIPOLAR 
OFFSET' 
@ 25°C 
:1:6 
:1:3 
:1:3 
LSB 


FULL· SCALE ERROR I, , @ 25°C 
(with Fixed 50 fl Resislor from REF OUT to REF IN) 
0.1 
0.25 
0.1 
0.125 
0.1 
0.125 
% of FSR 


TEMPERATURE 
RANGE 
-40 
+85 
-40 
+85 
-55 
+125 
°C 


TEMPERATURE 
DRIFT' 
Unipolar Offset' 
:1:2 
:1:1 
:1:1 
LSB 
Bipolar Offsel' 
:1:2 
:1:1 
:1:2 
LSB 
Full-Scale Error' 
:1:8 
:1:5 
:1:7 
LSB 


POWER 
SUPPLY REJECTION 
Vee = 15 V :t 1.5 Vor 
12 V :t 0.6 V 
:1:2 
:1:1 
:1:1 
LSB 
VLOGIe = 5 V :t 0.5 V 
:1:1/2 
:1:1/2 
:1:1/2 
LSB 
VEE = -15 
V :t 1.5 Vor 
-12 
V :t 0.6 V 
:1:2 
:1:1 
:1:1 
LSB 


ANALOG 
INPUT 
Inpul Ranges 
Bipolar 
-5 
+5 
-5 
+5 
-5 
+5 
Volts 
-10 
+10 
-10 
+10 
-10 
+10 
Volts 
Unipolar 
0 
+10 
0 
+10 
0 
+10 
Volts 
0 
+20 
0 
+20 
0 
+20 
Volts 
Input Impedance 
10 Volt Span 
3 
5 
7 
3 
5 
7 
3 
5 
7 
kfl 
20 Volt Span 
6 
10 
14 
6 
10 
14 
6 
10 
14 
kfl 


POWER 
SUPPLIES 
Operaling 
Voltages 
VLOG1C 
+4.5 
+5.5 
+4.5 
+5.5 
+4.5 
+5.5 
Volts 


Vee 
+11.4 
+16.5 
+11.4 
+16.5 
+11.4 
+16.5 
Volts 
VEE 
-16.5 
-11.4 
-16.5 
-11.4 
-16.5 
'-11.4 
Volts 
Operating Current 
ILOG1C 
5 
8 
5 
8 
5 
8 
mA 
Ice 
10 
14 
10 
14 
10 
14 
mA 


lEE 
14 
18 
14 
18 
14 
18 
mA 


POWER 
DISSIPATION 
385 
575 
385 
575 
385 
575 
mW 


INTERNAL 
REFERENCE 
VOLTAGE 
9.9 
10.0 
10.1 
9.9 
10.0 
10.1 
9.9 
10.0 
10.1 
Volts 
Output 
Current 
(Available for External Loads) 
2.0 
2.0 
2.0 
mA 


(External Load Should NOI Change During Conversion) 


• 


(1m;. 
to 1max' 
with 
Vee = + 15 V ± 10% or + 12 V ± 5%, VLOGle = +5 
V ± 10%. VEE = 
-15 
V ± 10% or -12 
V ± 5%, fSAMPLE= 100 kSPS, fiN = 10kHz, 
stand-alone 
mode 


unless 
otherwise 
noted)' 


AD1674J/A 
AD1674K1B1f 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


Signal to Noise and Distortion (SIN + D) Ratioz, 
3 
69 
70 
70 
71 
dB 


Total Harmonic Distortion (THD)4 
-90 
-82 
-90 
-82 
dB 
0.008 
0.008 
% 


Peak Spurious or Peak Harmonic Component 
-92 
-82 
-92 
-82 
dB 


Full Power Bandwidth 
I 
I 
MHz 
Full Linear Bandwidth 
500 
500 
kHz 


Intermodulation 
Distortion (1MD)' 


Second Order Products 
-90 
-SO 
-90 
-SO 
dB 
Third Order Products 
-90 
-SO 
-90 
-SO 
dB 


SHA (specifications are included in overall timing specifications) 


Aperture Delay 
15 
15 
ns 


Aperture Jiner 
150 
150 
ps 


Acquisition Time 
I 
I 
fLS 


(for 
all grades 
1ml• 
to 1m_x• with 
Vee = +15 
V ± 10% or + 12 V ± 5%, VLOGle = +5 
V ± 10%, 


VEE = -15V 
± 10% or -12V 
± 5%) 


Parameter 
Test Conditions 
Min 
Max 
Units 


LOGIC INPUTS 
VIH 
High Level Input Voltage 
+2.0 
VLOGIC+0.5 V 
V 


VIL 
Low Level Input Voltage 
-0.5 
+0.8 
V 


IIH 
High Level Input Current (V1N = 5 V) 
VlN = VLOGIC 
-10 
+10 
fLA 
IlL 
Low Level Input Current (VlN = 0 V) 
V1N = OV 
-10 
+10 
fLA 
C1N 
Input Capacitance 
10 
pF 


LOGIC OUTPUTS 
VOH 
High Level Output Voltage 
IOH = 0.5 mA 
+2.4 
V 
VOL 
Low Level Output Voltage 
IOL = 1.6 mA 
+0.4 
V 


Ioz 
High-Z Leakage Current 
VlN = 0 to VLOG1C 
-10 
+10 
fLA 
Coz 
High-Z Output Capacitance 
10 
pF 


NOTES 
'f'N amplilUde = -0.5 dB (9.44 V p-p) 10 V bipolar mode unless otherwise indicaled. AU measurements referred to -0 dB (9.997 V p-p) inpul signal unless 
otherwise indicated. 
lSpecified at worst case temperatures and supplies after ODe minute wann-up. 
3See Figures 12 and 13 for other input frequencies and amplitudes. 
'See Figure 11. 
'fa = 9.08 kHz. fb = 9.58 kHz with fSAMPLE~ 100 kHz. See Dejinititm 
of Speci[u.tions 
section and Figure 15. 


Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at T minJ 25°C, and T m•• ' Results from those tcsts 
are used to calcutate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 


(for all grades Tmin to Tm•• with Vcc = + 15 V ± 10% or + 12 V ± 5%, VLDGIC = +5 
V ± 
SWITCHING SPECIFICATIONS 
~:~d)VEE 
= -15 
V ± 10% or -12 
V ± 5%; V1L = 0.4 V, V1H = 2.4 V unless otherwise 


Parameter 
Symbol 
Min Typ Max Units 


Conversion Time 
,. 


8-Bit Cycle 
te 
7 
8 
fJ.s 
12-Bit Cycle 
lc 
9 
10 
fJ.s 
STS Delay from CE «i 25°C 
tose 
200 
ns 
Tmin to Tmax 
250 
ns 
CE Pulse Width «i 25°C 
tHEe 
50 
ns 
Tmin to Tmax 
75 
ns 
CS to CE Setup 
tsse 
50 
ns 
CS Low During CE High «i 25°C 
tHSC 
50 
ns 
Tmin to Tmax 
75 
ns 
RlC to CE Setup 
tSRC 
50 
ns 
RlC Low During CE High @ 25°C 
tHRC 
50 
ns 
Tmin to Tmax 
150 
ns 
An to CE Setup 
tSAC 
0 
ns 
Ao Valid During CE High 
tHAC 
50 
ns 


Parameter 
Symbol 
Min Typ Max Units 


Access Time 
CL = 100 pF 
too I 
75 
150 
ns 


Data Valid After CE Low 
tHO 
25 
ns 
Output Float Delay 
tHL 
2 
150 
ns 
CS to CE Setup 
tSSR 
50 
ns 
RlC to CE Setup 
tSRR 
0 
ns 
Ao to CE Setup 
tSAR 
50 
ns 
CS Valid After CE Low 
tHSR 
0 
ns 
RlC High After CE Low 
tHRR 
60 
ns 
Ao Valid After CE Low 
tHAR 
50 
ns 


NOTES 


1(1)1) is measured 
with 
the load circuit 
of Figure 
3 and 
is defined 
as the time 
required 
for an output 
to cross 
0.4 V or 2.4 V. 


ltHL 
is defined 
as the time 
required 
for the data 
Jines to change 
0.5 V when 
loaded 
with 
the circuit 
of Figure 
3. 


Specifications 
shown 
in boldface 
are tested 
on all de\'ices 
at final dectrical 
test with worst case supply voltages at T",,,,, 2S"C. and T",~~.Results from 
those 
tests 
are used 
to calculate 
outgoing 
quality 
le\'e1s. All min and 
max 


specifications 
ar~ guarant~~d. 
although 
only 
[hos~ shown 
in huldfac~ 
ar~ 
t~st~d. 


Specifications 
subi~ct 
to chang~ 
without 
no[i~~, 


Test 


Access Time High Z to Logic Low 
Float Time Logic High to High Z 
Access Time High Z to Logic High 
Float Time Logic Low to High Z 


VCP 
COUT 


5 V 
100 pF 
o V 
10 pF 
o V 
100 pF 
5 V 
10pF 


• 


Parameter 
Symbol 
Min Typ Max Units 


Data Access Time 
tnoR 
150 
ns 
Low RlC Pulse Width 
tHRL 
50 
ns 
STS Delay from RlC «i 25°C 
tos 
200 
ns 
Tmin to Tmax 
250 
ns 
Data Valid After RlC Low 
tHDR 
25 
ns 
STS Delay After Data Valid 
tHS 
0.6 
0.8 
1.2 
flS 
High RlC Pulse Width 
tHRH 
150 
ns 


NOTE 
Specifications shown in boldface are tested on all devices at final electrical 
tcst with worst case supply voltages at T m,n' 25°C, and T m••.• Results from 
those tests are used to calculate outgoing quality levels. All min and max 
specifications are guaranteed, although only those shown in boldface are 
tested. 
Specifications subject to change without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS· 
Vcc to Digital Common. 
. . . . . 
.0 to +16.5 V 
VEE to Digital Common. 
. . . . . . . 
.0 to -16.5 
V 
VLOGIC to Digital Common . . . . . . 
. 
0 to + 7 V 
Analog Common to Digital Common 
± 1 V 
Digital Inputs to Digital Common 
. -0.5 
V to VLOGIC 
+0.5 V 
Analog Inputs to Analog Common 
VEE to Vcc 


20 V1N to Analog Common 
±24 V 
REF OUT 
Indefinite Short to Common 
................. 
Momentary Short to Vcc 


Junction Temperature 
+ 175°C 
Power Dissipation 
825 mW 
Lead Temperature, 
Soldering 
300°C, 10 sec 
Storage Temperature 
-65°C to + 150°C 


*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


CAUTION: 
ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conducti"e foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


I INL 
S/(N+D) 
Package 
Modell 
Temperature 
Range 
I (T m;n to T ma.) 
(T m;n to T m~) 
Option' 


AD1674JN 
O°Cto +70°C 
±I LSB 
69 dB 
N-28A 
AD1674KN 
O°Cto +70°C 
±l/2 
LSB 
70 dB 
N-28A 
AD1674JR 
O°Cto +70°C 
±I LSB 
69 dB 
R-28 
AD1674KR 
O°Cto +70°C 
±l/2 
LSB 
70 dB 
R-28 
AD1674AD 
-40°C to +85°C 
±I LSB 
69 dB 
D-28A 
AD1674BD 
-40°C to +85°C 
±l/2 
LSB 
70 dB 
D-28A 
ADI674TD 
-55°C to + 125°C 
±I LSB 
70 dB 
D-28A 


NOTES 
IFor details on grade and package offerings screened in accordance with MIL-STD-883) refer to 
the Analog Devices Military Products 
Databook 
or current 
AD1674/883B 
data sheet. 
2N = Plastic DIP; D = Hermetic Ceramic DIP; R = plastic SOIC. For outline information see 
Package Information section. 


INTEGRAL 
NONLINEARITY 
(INL) 
The ideal transfer function for an ADC is a straight line drawn 
between "zero" and "full scale." The point used as "zero" 
occurs 1/2 LSB before the first code transition. "Full scale" is 
defined as a level I 1/2 LSB beyond the last code transition. In- 
tegral nonlinearity is the worst-case deviation of a code from the 
straight line. The deviation of each code is measured from the 
middle of that code. 


DIFFERENTIAL 
NONLINEARITY 
(DNL) 
A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing se- 
quence as the analog input level is increased. Thus every code 
must have a finite width. The ADI674 guarantees no missing 
codes to 12-bit resolution; all 4096 codes are present over the 
entire operating range. 


UNIPOLAR 
OFFSET 
The first transition should occur at a level 1/2 LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point at 25°C. This offset can be adjusted as 
shown in Figure 6. 


BIPOLAR OFFSET 
In the bipolar mode the major carry transition (0III 
1111 1111 
to 1000ססoo 0000) should occur for an analog value 1/2 LSB 
below analog common. The bipolar offset error specifies the de- 
viation of the actual transition from that point at 25°C. This off- 
set can be adjusted as shown in Figure 7. 


FULL-SCALE 
ERROR 
The last transition (from 1111 1111 1110 to 1111 1111 1111) 
should occur for an analog value I 112 LSB below the nominal 
full scale (9.9963 volts for 10 volts full scale). The full-scale er- 
ror is the deviation of the actual level of the last transition from 
the ideal level at 25°C. The full-scale error can be adjusted to 
zero as shown in Figures 6 and 7. 


TEMPERATURE 
DRIFT 
The temperature drifts for full-scale error, unipolar offset and 
bipolar offset specify the maximum change from the initial 
(25°C) value to the value at T min or T ma.' 


POWER SUPPLY REJECTION 
The effect of power supply error on the performance of the de- 
vice will be a small change in full scale. The specifications show 
the maximum full-scale change from the initial value with the 
supplies at various limits. 


FREQUENCY·DOMAIN 
TESTING 
The AD 1674 is tested dynamically using a sine wave input and a 
2048 point Fast Fourier Transform (FFT) to analyze the result- 
ing output. Coherent sampling is used, wherein the ADC sam- 
pling frequency and the analog input frequency are related to 
each other by a ratio of integers. This ensures that an integral 
multiple of input cycles is captured, allowing direct FFT pro- 
cessing without windowing or digital filtering which could mask 
some of the dynamic characteristics of the device. In addition, 
the frequencies are chosen to be "relatively prime" (no common 
factors) to maximize the number of different ADC codes that 


are present in a sample sequence. The result, called Prime 
Coherent Sampling, is a highly accurate and repeatable measure 
of the actual frequency-domain 
response of the converter. 


NYQUIST 
FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
Frequency" of a converter is that input frequency which is one- 
half the sampling frequency of the converter. 


SIGNAL·TO·NOISE 
AND DISTORTION 
(SIN+D) 
RATIO 
2 


S/(N +D) is the ratio of the rms value of the measured input 
signal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. The 
value for S/(N +D) is expressed in decibels. 


TOTAL 
HARMONIC 
DISTORTION 
(THD) 
THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of a full-scale input signal and is ex- 
pressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 


INTERMODULATION 
DISTORTION 
(IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m +n), at sum and difference frequencies of mfa ~ nfb, 
where m,n = 0,1,2,3 ... Intermodulation 
terms are those for 
which m or n is not equal to zero. For example, the second or- 
der terms are (fa + fb) and (fa - fb) and the third order terms 
are (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). The IMD 
products are expressed as the decibel ratio of the rms sum of the 
measured input signals to the rms sum of the distortion terms. 
The two signals are of equal amplitude and the peak value of 
their sums is -0.5 
dB from full-scale. The IMD products are 
normalized to a 0 dB input sig!lal. 


FULL·POWER 
BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 


FULL· LINEAR BANDWIDTH 
The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-amplifier 
(SHA) is reached. 


At this point, the amplitude of the reconstructed 
fundamental 
has degraded by less than -0.1 
dB. Beyond this frequency, dis- 
tortion of the sampled input signal increases significantly. 


APERTURE 
DELAY 
Aperture delay is a measure of the SHA's performance and is 
measured from the falling edge of Read/Convert (Rle) to when 
the input signal is held for conversion. 


APERTURE 
JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the AID. 


Symbol 
Pin No. 
Type 
Name and Function 


AGND 
9 
P 
Analog Ground (Common). 


Ao 
4 
DI 
Byte Address/Short Cycle. If a conversion is started with Ao Active LOW, a full 12-bit conversion 
cycle is initiated. If Ao is Active HIGH during a convert start, a shorter 8-bit conversion cycle 
results. During Read (RIC 
; 
I) with 12/8 LOW, Ao ; 
LOW enables the 8 most significant bits 


(DB4-DB11), 
and Ao ; 
HIGH enables DB3-DBO and sets DB7-DB4 
; O. 


BIPOFF 
12 
AI 
Bipolar Offset. Connect through a 50 n resistor to REF OUT for bipolar operation or to Analog 
Common for unipolar operation. 


CE 
6 
DI 
Chip Enable. Chip Enable is Active HIGH and is used to initiate a convert or read operation. 


CS 
3 
DI 
Chip Select. Chip Select is Active LOW. 


DB11-DB8 
27-24 
DO 
Data Bits 11 through 8. In the 12-bit format (see 12/8 and Ao pins), these pins provide the upper 
4 bits of data. In the 8-bit format, they provide the upper 4 bits when Ao is LOW and are 
disabled when Ao is HIGH. 


DB7-DB4 
23-20 
DO 
Data Bits 7 through 4. In the 12-bit format these pins provide the middle 4 bits of data. In the 
8-bit format they provide the middle 4 bits when Ao is LOW and all zeroes when Ao is HIGH. 


DB3-DBO 
19-16 
DO 
Data Bits 3 through O. In both the 12-bit and 8-bit format these pins provide the lower 4 bits of 
data when Ao is HIGH; they are disabled when Ao is LOW. 


DGND 
IS 
P 
Digital Ground (Common). 


REF OUT 
8 
AO 
+ 10 V Reference Output. 


RlC 
5 
DI 
Read/Convert. In the full control mode RlC is Active HIGH for a read operation and Active LOW 
for a convert operation. In the stand-alone mode, the falling edge of RlC initiates a conversion. 


REF IN 
10 
AI 
Reference Input is connected through a 50 n resistor to + 10 V Reference for normal operation. 


STS 
28 
DO 
Status is Active HIGH when a conversion is in progress and goes LOW when the conversion is 
completed. 


Vcc 
7 
P 
+12 V/+15 V Analog Supply. 


VEE 
11 
P 
-12 VI-IS 
V Analog Supply. 


VLOGIC 
I 
P 
+ 5 V Logic Supply. 


IOV1N 
13 
AI 
10 V Span Input, 0 to + 10 V unipolar mode or -5 V to +5 V bipolar mode. When using the 
ADI674 in the 20 V Span 10 V1N should not be connected. 


20 VIN 
14 
AI 
20 V Span Input, 0 to + 20 V unipolar mode or - 10 V to + 10 V bipolar mode. When using the 
ADI674 in the 10 V Span 20 VIN should not be connected. 


12/8 
2 
DI 
The 12/8 pin determines whether the digital output data is to be organized as rwo 8-bit words 
(12/8 LOW) or a single 12-bit word (12/8 HIGH). 


TYPE: 
AI 
AO 
DI 
DO 
P 


Analog Input 
Analog Output 
Digital Input 
Digital Output 
Power 


I 
"I 
~" 
I 


AD1674 
TOP VIEW 
(NoIIO seole) 


10 V•• 


2OV•• 
14 


GENERAL CIRCUIT OPERATION 
The ADI674 is a complete 12-bit, 10 fLS sampling analog-to- 
digital converter. A block diagram of the ADI674 is shown on 
the previous page. 


When the control section is commanded to initiate a conversion 
(as described later), it places the sample-and-hold amplifier 
(SHA) in the hold mode, enables the clock, and resets the suc- 
cessive approximation register (SAR). Once a conversion cycle 
has begun, it cannot be stopped or restarted and data is not 
available from the output buffers. The SAR, timed by the clock, 
will sequence through the conversion cycle and return an end- 
of-convert flag to the control section when the conversion has 
been completed. The control section will then disable the clock, 
switch the SHA to sample mode, and delay the STS LOW go- 
ing edge to allow for acquisition to 12-bit accuracy. The control 
section will allow data read functions by external command any- 
time during the SHA acquisition interval. 


During the conversion cycle, the internal 12-bit, I mA full-scale 
current output DAC is sequenced by the SAR from the most 
significant bit (MSB) to the least significant bit (LSB) to provide 
an output that accurately balances the current through the 5 kO 
resistor from the input signal voltage held by the SHA. The 
SHA's input scaling resistors divide the input voltage by 2 for 
the 10 V input span and by 4 for the 20 V input span, maintain- 
ing a I mA full-scale output current through the 5 kO resistor 
for both ranges. The comparator determines whether the addi- 
tion of each successively weighted bit current causes the DAC 


current sum to be greater than or less than the input current. 
If 
the sum is less, the bit is left on; if more, the bit is turned off. 
After testing all the bits, the SAR contains a 12-bit binary code 
which accurately represents the input signal to within 
:t1/2 LSB. 


CONTROL LOGIC 
The ADl674 may be operated in one of two modes, the full- 
control mode and the stand-alone mode. The full-control mode 
utilizes all the AD 1674 control signals and is useful in systems 
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that address decode multiple devices on a single data bus. The 
stand-alone mode is useful in systems with dedicated input ports 
available and thus not requiring full bus interface capability. 
Table I is a truth table for the AD1674, and Figure 5 illustrates 
the internal logic circuitry. 


CE 
CS 
RlC 
12/8 
Ao 
Operation 


0 
X 
X 
X 
X 
None 
X 
I 
X 
X 
X 
None 


I 
0 
0 
X 
0 
Initiate 12-Bit Conversion 
I 
0 
0 
X 
I 
Initiate 8-Bit Conversion 


I 
0 
I 
I 
X 
Enable l2-Bit Parallel Output 


I 
0 
I 
0 
0 
Enable 8 Most Significant Bits 


I 
0 
I 
0 
I 
Enable 4 LSBs +4 Trailing Zeroes 


STATUS 


"'-'j.lS 
DELAY· ACQUISfTlON 


NVBBLEAl 
ENABLE 
HYBBlEB 
ENiilE 
TO 
OUTPUT 
~ 
BUFFERS 
ENABLE 


NYBBlE 
B '"0 
~ 


FULL·CONTROL 
MODE 
In full-control mode, the AD 1674 departs slightly from the 
AD674A timing requirements. 
These differences are discussed 
in Table II. In full-control mode, ADI674 timing should be re- 
viewed for compliancy with AD674A applications. 


Specification 
AD674A 
ADl674 


tHRC 
50 ns (min) 
50 ns «125°C 
ISOns T min to T max 


tHRR 
o ns (min) 
60 ns 
lose 
200 ns (max) 
200 ns (ii 25°C 
250 ns T min to T mox 
tHS 
600 ns (max) 
I f.LS 


Table II. 


Chip Enable (CE), Chip Select (CS) and Read/Convert (RlC) are 
used to control Convert or Read modes of operation. Either CE 
or CS may be used to initiate a conversion. Note that the short- 
est delay path to the SHA control is from the RlC input (see 
Figure 5). SHA accuracy has been optimized for use in stand- 
alone mode and consequently results in the Table II differences 
for the full-control mode of operation. The state of RlC when 
CE and CS are both asserted determines whether a data Read 
(RIC = I) or a Convert (RIC = 0) is in progress. RlC should be 
LOW before both CE and CS are asserted; if RlC is HIGH, a 
Read operation will momentarily occur, possibly resulting in 
system bus contention. 


STAND-ALONE 
MODE 
The ADI674 can be used in a "stand-alone" mode, which is 
useful in systems with dedicated input ports available and thus 
not requiring full bus interface capability. Stand-alone mode 
applications are generally able to issue conversion start com- 
mands more precisely than full-control mode. This improves ac 
performance by reducing the amount of control-induced aper- 
ture jitter. 


In stand-alone mode, the control interface for the ADI674 and 
AD674A are identical. CE and 12/8 are wired HIGH, CS and Ao 
are wired LOW, and conversion is controlled by RlC. The 
three-state buffers are enabled when RlC is HIGH and a conver- 
sion starts when RlC goes LOW. This gives rise to two possible 
control signals - 
a high pulse or a low pulse. Operation with a 
low pulse is shown in Figure 4a. In this case, the outputs are 
forced into the high-impedance state in response to the falling 
edge of RlC and return to valid logic levels after the conversion 
cycle is completed. The STS line goes HIGH 200 ns after RlC 
goes LOW and returns low I f.LS after data is valid. 


If conversion is initiated by a high pulse as shown in Figure 4b, 
the data lines are enabled during the time when RlC is HIGH. 
The falling edge of RlC starts the next conversion and the data 
lines return to three-state (and remain three-state) until the neXt 
high pulse of RlC. 


CONVERSION 
TIMING 
Once a conversion is started, the STS line goes HIGH. Convert 
start commands will be ignored until the conversion cycle is 
complete. The output data buffers can be enabled up to \.2 
f.LS 
prior to STS going LOW. The STS line will return LOW at the 
end of the conversion cycle. 


The register control inputs, Ao and 12/8, control conversion 


length and data formal. If a conversion is started with Ao LOW, 
a full 12-bit conversion cycle is initiated. If Ao is HIGH during 
a convert start, a shorter 8-bit conversion cycle results. 


During data read operations, Ao determines whether the three- 
state buffers containing the 8 MSBs of the conversion result 
(Ao = 0) or the 4 LSBs (Ao = I) are enabled. The 12/8 pin de- 
termines whether the OUtput data is to be organized as tWO8-bit 
words (12/8 tied LOW) or a single 12-bit word (12/8 tied 
HIGH). In the 8-bit mode, the byte addressed when Ao is high 
contains the 4 LSBs from the conversion followed by four trail- 
ing zeroes. This organization allows the data lines to be over- 
lapped for direct interface to 8-bit buses without the need for 
external three-state buffers. 


INPUT 
CONNECTIONS 
AND CALIBRATION 
The 10 V p-p and 20 V p-p full-scale inpUt ranges of the 
ADI674 accept the majority of signal voltages without the need 
for external voltage divider networks which could deteriorate the 
accuracy of the ADC. 


The ADI674 is factory trimmed to minimize offset, linearity, 
and full-scale errors. In many applications, no calibration trim- 
ming will be required and the ADI674 will exhibit the accuracy 
limits listed in the specification tables. 


In some applications, offset and full-scale errors need to be 
trimmed OUtcompletely. The following sections describe the 
correct procedure for these various situations. 


UNIPOLAR 
RANGE INPUTS 
Figure 6 illustrates the external connections for the ADI674 in 
unipolar-input 
mode. The first output-code transition (from 
0000 0000סס oo to 0000 0000 000I) should nominally occur for 
an input level of + 1/2 LSB (\.22 mV above ground for a 10 V 
range; 2.44 mV for a 20 V range). To trim unipolar offset to 
this nominal value, apply a + 1/2 LSB signal between Pin 13 and 
ground (10 V range) or Pin 14 and ground (20 V range) and ad- 
just RI until the first transition is located. If the offset trim is 
not required, Pin 12 can be connected directly to Pin 9; the tWO 
resistors and trimmer for Pin 12 are then nOt needed. 
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Figure 
6. 
Unipolar 
Input 
Connections 
with 
Gain and Offset 
Trims 


The full-scale trim is done by applying a signal I 1/2 LSB below 
the nominal full scale (9.9963 V for a 10 V range) and adjusting 
R2 until the last transition is located (1111 1111 1110 to 1111 
1111 1111). If full-scale adjustment is not required, R2 should 
be replaced with a fixed SOn ."-I% metal mm resistor. 11REF 
OUT is connected directly to REF IN, the additional full-scale 
error will be approximately 
1%. 


BIPOLAR RANGE INPUTS 
The connections for the bipolar-input mode are shown in Figure 
7. Either or both of the trimming potentiometers can be re- 
placed with 50 !l ± 1% fixed resistors if the specified ADI674 
accuracy limits are sufficient for the application. If the pins are 
shorted together, the additional offset and gain errors will be 
approximately 
1%. 
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Figure 
7. Bipolar 
Input 
Connections 
with 
Gain and Offset 
Trims 


To trim bipolar offset to its nominal value, apply a signal 1/2 
LSB below midrange (-1.22 
mV for a ±5 V range) and adjust 
RI until the major carry transition is located (0111 1111 1111 to 
1000סס ooסס OO).To trim the full-scale error, apply a signal I 
1/2 LSB below full scale (+4.9963 V for a ± 5 V range) and ad- 
just R2 to give the last positive transition (1111 1111 III 0 to 
IIII 
IIII 
1111). These trims are interactive so several iterations 


may be necessary for convergence. 


A single-pass calibration can be done by substituting a negative 
full-scale trim for the bipolar offset trim (error at midscale), us- 
ing the same circuit. First, apply a signal 1/2 LSB above minus 
full scale (-4.9988 
V for a ±5 V range) and adjust RI until the 
minus full-scale transition is located (סס OOסס oo 0001 toסס oo 
סס ooסס oo). Then perform the gain error trim as outlined above. 


REFERENCE 
DECOUPLING 
It is recommended that a 10 f.LFtantalum capacitor be con- 
nected between REF IN (Pin 10) and ground. This has the ef- 
feet of improving the S/(N + D) ratio through filtering possible 
broad-band noise contributions from the voltage reference. 


BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
At the 12-bit level, a 5 mA current through a 0.5 !l trace will 
develop a voltage drop of 2.5 mV, which is I LSB for a 10 V 
full-scale range. In addition to ground drops, inductive and ca- 
pacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig- 
nals. Finally, power supplies should be decoupled in order to 
filter out ac noise. 


The AD1674 has a wide bandwidth sampling front end. This 
means that the AD1674 will usee" high frequency 
noise at the 
input, which nonsampling (or limited-bandwidth 
sampling) 


ADCs would ignore. Therefore, it's important to make an effort 


to eliminate such high frequency noise through decoupling or by 
using an anti-aliasing filter at the analog input of the AD1674. 


Analog and digital signals should not share a common path. 
Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom- 
mended to provide low impedance signal paths. Separate analog 
and digital ground planes are also desirable, with a single inter- 
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connection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them (if necessary) only at right angles. 


The AD1674 incorporates several features to help the user's lay- 
out. Analog pins are adjacent to help isolate analog from digital 
signals. Ground currents have been minimized by careful circuit 
architecture. Current through AGND is 2.2 mA, with little 
code-dependent 
variation. The current through DGND is domi- 
nated by the return current for DBII-DBO. 


SUPPLY DECOUPLING 
The ADI674 power supplies should be well filtered, well regu- 
lated, and free from high frequency noise. Switching power sup- 
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 


Decoupling capacitors should be used in very close layout prox- 
imity between all power supply pins and ground. A 10 f.LFtan- 
talum capacitor in parallel with a 0.1 f.LFdisc ceramic capacitor 
provides adequate decoupling over a wide range of frequencies. 


An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD1674, associated analog input circuitry, and interconnec- 
tions as far as possible from logic circuitry. A solid analog 
ground plane around the ADI674 will isolate large switching 
ground currents. For these reasons, the use of wire-wrap circuit 
construction is not recommended; 
careful printed-circuit 
con- 
struction is preferred. 


GROUNDING 
If a single AD1674 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD1674. If multiple ADI674s are used or the ADI674 shares 
analog supplies with other components, connect the analog and 
digital returns together once at the power supplies rather than at 
each chip. This prevents large ground loops which inductively 
couple noise and allow digital currents to flow through the ana- 
log system. 


GENERAL 
MICROPROCESSOR 
INTERFACE 
CONSIDERATIONS 
A typical AID converter interface routine involves several opera- 
tions. First, a write to the ADC address initiates a conversion. 
The processor must then wait for the conversion cycle to com- 
plete, since most ADCs take longer than one instruction cycle to 
complete a conversion. Valid data can, of course, only be read 
after the conversion is complete. 
The AD1674 provi.des an out- 


put signal (STS) which indicates when a conversion is in progress. 
This signal can be polled by the processor by reading it through 


an external three-state buffer (or other input port). The STS 
signal can also be used to generate an interrupt upon completion 
of a conversion, if the system timing requirements are critical 
(bear in mind that the maximum conversion time of the ADI674 
is only 10 microseconds) and the processor has other tasks to 
perform during the ADC conversion cycle. Another possible 
time-out method is to assume that the ADC will take 10 micro- 
seconds to convert, and insert a sufficient number of "no-op" 
instructions to ensure that I0 microseconds of processor time is 
consumed. 


Once it is established that the conversion is finished, the data 
can be read. In the case of an ADC of 8-bit resolution (or less), 
a single data read operation is sufficient. In the case of convert- 
ers with more data bits than are available on the bus, a choice of 
data formats is required, and multiple read operations are 
needed. The AD 1674 includes internal logic to permit direct 
interface to 8-bit or 16-bit data buses, selected by the 12/8 in- 
put. In 16-bit bus applications (1218 HIGH) the data lines 
(DBII 
through DBO) may be connected to either the 12 most 
significant or 12 least significant bits of the data bus. The re- 
maining four bits should be masked in software. The interface 
to an 8-bit data bus (12/8 LOW) contains the 8 MSBs (DBII 
through DB4). The odd address (Ao HIGH) contains the 
4 LSBs (DB3 through DBO) in the upper half of the byte, 
followed by four trailing zeroes, thus eliminating bit masking 
instructions. 


8085A INTERFACE 
Figure 8 illustrates the use of the ADI674 operating in full- 
control mode from the 8085A. This provides an example of the 
implementation of the timing modifications necessary when us- 
ing the ADI674 in place of an existing AD674A application, 
discussed in Table II and associated text. Figure 9 shows the 
convert start timing diagram; Figure 10 provides information on 
read timing. 


Figure 
B. BOB5A - AD1674 
with 
RiG-Delayed 
Control 
Interface 


WR~ 


CE~ 


CLR~ 
cs~ 


STS 
I 


The convert start cycle starts when the WR signal goes LOW, 
forcing CE to go HIGH. With CLR signal LOW prior to this, 
RlC is set LOW. When CLR goes HIGH, RlC will remain 
LOW until the next rising edge of CLK. 


The High Byte is read first. The Read cycle starts when RD 
goes LOW, causing CE to go HIGH. CS is already LOW, mak- 
ing CLR and PR HIGH on the D-flop. This causes RlC to go 
HIGH on the rising edge of CLK. RlC will not go LOW until 
CS goes HIGH, forcing CLR to go LOW thus putting the D- 
flop in a steady state of Q LOW. The cycle repeats for the Low 
Byte read. 


Typical Dynamic Performance-AD1674 


o 


-to 
-50 
-40 
-30 
-20 
-10 


INPUT AMPLITUDE 
- dB 


•-I. 
- 2. 
~ 
- 30 
, 
- 40 
••• 
- 50 
~ ~~ 
•. 
- eo 
~--1: 


-110 
_120 
- 
130 • 


OdBIHPUT i'-... 


-200 
INPUT_~ 
~ 
\ 


H;o.BINPUT 
• 


- 2. 


~ 


-40 
,..• 
-50 
Q~~ -eo 
"..• 


-100 


-120 


Figure 
14. 
Nonaveraged 
2048 
Point 
FFT at 
100 kSPS, 


f'N 
= 25.049 
kHz 


IlIIIIIIII ANALOG 
WDEVICES 


I 
FEATURES 
Autocalibrating 
0.002% THO 
90 dB SI(N+D) 
1 MHz Full Power Bandwidth 
On-Chip Sample & Hold Function 
2x Oversampling for Audio Applications 
16-Pin DIP Package 
Serial Twos Complement Output Format 
Low Input Capacitance-typ 
50 pF 
AGND Sense for Improved Noise Immunity 


PRODUCTION 
DESCRIPTION 
The ADI876 is a 16-bit serial output sampling AID converter 
which uses a switched capacitorlcharge redistribution 
archi- 
tecture to achieve a 100 kSPS conversion rate (10 JJ.stotal 
conversion time). Overall performance is optimized by 
digitally correcting internal nonlinearities through on-chip 
autocalibration. 


The circuitry of the ADI876 is partitioned onto two monolithic 
chips, a digital control chip fabricated with Analog Devices' 
DSP CMOS process and an analog ADC chip fabricated with 
the BiMOS II process. Both chips are contained in a single 
package. 


The serial output interface requires an external clock and sample 
command signal. The output data rate may be as high as 2.08 
MHz, and is controlled by the external clock. The twos comple- 
ment format of the output data is MSB first and is directly com- 
patible with the NPC SM5805 digital decimation filter used in 
consumer audio products. The ADI876 is also compatible with 
a variety of DSP processors. 


The ADI876 is packaged in a space saving 16-pin plastic DIP 
and operates from +5 V and ± 12 V supplies; typical power con- 
sumption is 235 mW. The digital supply (VDD) is isolated from 
the linear supplies (VEE and Vcel for reduced digital crosstalk. 
Separate analog and digital grounds are also provided. 


16-Bit 100 kSPS 
Sampling ADC 


AD1876 
I 
• 
VAEF 


AGND 


AD1876-SPECIFICATIONS 
(Tmin to 1m ••• Vee = +12 V ± 5%, VEE = -12 
V ± 5%, Voo = +5 V ± 10%)1 


AD1876J 
Parameter 
Min 
Typ 
Max 
Units 


TEMPERATURE 
RANGE 
0 
70 
°C 


TOTAL HARMONIC 
DISTORTION 
(THD)' 


-0.05 
dB Input 
-95 
-88 
dB 
0.002 
0.004 
% 
-20 dB Input 
-78 
dB 
0.01 
% 
-60 dB Input 
-40 
dB 
1.0 
% 


D-RANGE, 
-60 dB, A-WEIGHTED 
92 
dB 


SIGNAL-TO-NOISE 
AND DISTORTION 
(S/(N+D)) 
RATIO' 
l' 


-0.05 
dB Input, A-Weighted 
92 
dB 
-0.05 
dB Input, 48 kHz Bandwidth 
83 
90 
dB 
-20 dB Input, A-Weighted 
73 
dB 
- 20 dB Input, 48 kHz Bandwidth 
70 
dB 


-60 dB Input, A-Weighted 
34 
dB 


-60 dB Input, 48 kHz Bandwidth 
31 
dB 


PEAK SPURIOUS OR PEAK HARMONIC 
COMPONENT 
-99 
-89 
dB 


INTERMODULATION 
DISTORTION 
(IMD)4 
2nd Order Products 
-102 
dB 
3rd Order Products 
•. 
-98 
dB 


FULL POWER BANDWIDTH 
I 
MHz 


VOLTAGE REFERENCE 
INPUT RANGE' 
(VREF) 
3 
5 
10.0 
V 


ANALOG INPUr 
Input Range (VIN) 
:t:VREF 
V 
Input Impedance 
* 
Input Capacitance During Sample 
50* 
pF 


Aperture Delay 
6 
ns 


Apenure Jitter 
100 
ps 


POWER SUPPLIES 
Operating Current 
1= 
9 
12 
mA 


lEE 
9 
12 
mA 
100 
3 
12 
mA 


Power Consumption 
235 
350 
mW 


NOTES 


IVREF 
= 5.00 
V; conversion 
rate = 96 kSPS; 
fiN = 1.06 kHz; 
V1N = -0.05 
dB unless 
otherwise 
indicated. 
All measurements 
referred 
to a 0 dB 


(10 Vpp) input 
signal. 
Values 
are post calibration. 
lIncludes 
first 
19 harmonics. 


'Minimum value of S/(N +D) corresponds 
10 5.0 V reference; Iypical values of S/(N+D) correspond 
10 10.0 V reference. 


'f, = 1008 Hz; fb = 1055 Hz. See DefInition of Specifications section and Figure 14. 


5See Applications 
section 
for recommended 
voltage 
reference 
circuit 
and Figure 
11 for pedonnance 
with other reference 
voltage 
values. 
6See Applications 
section 
for recommended 
input 
buffer 
circuit. 


*For explanation 
of input 
characteristics, 
see "Analog 
Input" 
section. 


Specifications 
subject 
to change 
without 
notice. 


Specifications 
shown 
in boldface 
are tested 
on all devices 
at final electrical 
test at worst case temperature. 
Results 
from those 
tests are used to calculate 
outgoing 


quality 
levels. 
All min and max specifications 
are guaranteed, 
although 
only those 
shown 
in boldface 
are tested. 


Temperature 
THD 
Package 
Package 
Model 
Range 
dB 
Description 
Option* 


ADl876JN 
O°Cto +70°C 
-95 
Plastic 16-Pin DIP 
N-16 


Parameter 
Test Conditions 
Min 
Typ 
Max 
Units 


LOGIC INPUTS 
VIH 
High Level Input Voltage 
2.4 
V 
V1L 
Low Level Input Voltage 
-0.3 
0.8 
V 
IIH 
High Level Input Current 
VIH = VDD 
-10 
+10 
J.lA 
IlL 
Low Level Input Current 
V1L = 0 V 
-10 
+10 
J.lA 
CIN 
Input Capacitance 
10 
pF 


LOGIC OUTPUTS 
VOH 
High Level Output Voltage 
IOH = 0.1 mA 
VDD-I 
V 
V 
IOH = 0.5 mA 
2.4 
V 
VOL 
Low Level Output Voltage 
IOL = 1.6 mA 
- 
0.4 
V • 


Specifications subject to change without notice. 
Specifications shown in boldface 
3re tested on all devices at final electrical test at worst case temperature. Results from those tests 3re used to calculate outgoing 
quality levels. All min and max specifications 3re guaranteed, although only those shown in boldface are tested. 


ABSOLUTE 
MAXIMUM 
RATINGS· 
Vee to VEE 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. . 
. 
. 
. 
. 
. 
.. 
. -0.3 
V to +26.4 V 
VDD to DGND 
. .. 
-0.3 
V to +7 V 
Vee to AGND 
.. 
-0.3 
V to +18 V 
VEE to AGND 
-18 V to +0.3 V 
AGND to DGND 
±0.3 V 
Digital Inputs to DGND 
0 V to 5.5 V 
Analog Inputs, VREF to AGND 
(Vee + 0.3 V) to 
(VEE 
-0.3 V) 


Soldering 
+ 300°C, 10 sec 
Storage Temperature 
-60°C to + 100°C 


·Stresses greater than those listed under" Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated 
in the operational 
section of this specification 
is not implied. 


Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


ESD SENSITIVITY 
_ 


The ADI876 
features input protection 
circuitry conslstmg of large "distributed" 
diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and 
fast, low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, 
the 
ADI876 has been classified as a Category I Device. 


Proper ESD precautions are strongly recommended 
to avoid functional damage or performance 
degradation. 
Charges as high as 4000 volts readily accumulate 
on the human 
body and test 
equipment, 
and discharge without detection. Unused devices must be stored in conductive foam 
or shunts, and the foam discharged to the destination 
socket before devices are removed. For 
further information on ESD precaution, 
refer to Analog Devices' ESD Prevention Manual. 


1 
TIMING SPECIFICATIONS 
(Tmin to 1m." 
Vee = +12 V ± 5%, VEE = -12 
V ± 5%, VDD = +5 V ± 10%, VREF = 5.00 V) 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 
Sampling Rate2 
fs - 
lIts 
I 
100 
kSPS 
Sampling Period2 
ts = lIfs 
10 
1000 
J.lS 
Acquisition Time (Included in ts) 
tA 
2 
J.lS 


Calibration Time 
lcr 
5000 
te 


CLK Period 
te 
480 
ns 
CAL to BUSY Delay 
tCALB 
0 
ns 
CLK to BUSY Delay 
lea 
50 
120 
175 
ns 
CLK to DOUT Hold Time 
leD 
10 
ns 
CLKHIGH 
leH 
160 
ns 
CLKLOW 
leL 
50 
ns 
DouTCLK 
LOW 
tDeL 
30 
80 
200 
ns 
SAMPLE LOW to 1st CLK Delay 
tse 
50 
ns 
CAL HIGH Time 
tCALH 
4 
le 


CLK to DOUT CLK 
teDH 
ISO 
200 
275 
ns 
SAMPLE LOW 
tSL 
50 
ns 


NOTES 
ISee Figure 
1 and Figure 2 and the Conversion Control and Autocillibriltion sections for detailed explanations 
of the above timing. 
2Depends ulxm external clock frequency; includes acquisition time and conversion time. The minimum sampling rate/maximum sampling period is specified to 
account for droop of the internal sampleJhold. Operation at slower rates than specified. may degrade performance. 


SAMPLE J 
I" 


I~··I 
~ 


NYQUIST 
FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
Frequency" 
of a converter is that input frequency which is one- 
half the sampling frequency of the converter. 


TOTAL 
HARMONIC 
DISTORTION 
Total harmonic distortion (THD) is measured as the ratio of the 
rms sum of the first nineteen harmonic components to the rms 
value of a I kHz full-scale sine wave input signal and is ex- 
pressed in percent 
(0/0) or decibels (dB). For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 


SIGNAL-TO-NOISE 
PLUS DISTORTION 
RATIO 
Signal-to-noise plus distortion 
(SIN + D) is defined to be the ra- 
tio of the rms value of the measured input signal to the rms sum 
of all other spectral components below the Nyquist frequency, 
including harmonics but excluding de. 


D-RANGE 
DISTORTION 
D-range distortion is the ratio of the distortion plus noise to the 
signal at a signal amplitude of -60 dB. In this case, an A- 
weight filter is used. The value specified for D-range perfor- 
mance is the ratio measured plus 60 dB. 


BANDWIDTH 
The full power bandwidth is that input frequency at which the 
amplitude of the reconstructed 
fundamental is reduced by 3 dB 
for a full-scale input. 


INTERMODULATION 
DISTORTION 
(IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), 
at sum and difference frequencies of mfa ± nfb, 


where m, n = 0, I, 2, 3 .... 
Intermodulation 
terms are those 
for which m or n is not equal to zero. For example, the second 
order terms are (fa + fb) and (fa - fb), and the third order 
terms are (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). The 
IMD products are expressed as the decibel ratio of the rms sum 
of the measured input signals to the rms sum of the distortion 
terms. The two signals applied to the converter are of equal am- 
plitude, and the peak value of their sum is -0.05 
dB from full 
scale. The IMD products are normalized to a 0 dB input signal. 


APERTURE 
DELAY 
Aperture delay is the time required after SAMPLE is taken 
LOW for the internal sample-hold of the ADI876 to open, thus 
holding the value of VIN. 


APERTURE 
JITTER 
Aperature jitter is the variation in the aperture delay from 
sample to sample. 


SAMPLE 
CAl 


ClK 
BUSY 


DOUT 
DOUT ClK 


AD1876 
DGND 
TOP VIEW 
VDD 


Vcc 
(Not to Scale) 
VEE 


N/C 
VREF 


N/C 
V1N 


AGND 
AGNDSENSE 


Package Pinout 


2 
CLK 
Dr 


3 
DOUT 
DO 


4 
DGND 
P 


5 
Vcc 
P 


6 
N/C 


7 
N/C 


8 
AGND 
PIAl 


9 
AGND SENSE 
AI 


10 
V1N 
AI 
II 
VREF 
AI 


12 
VEE 
P 


13 
Voo 
P 


14 
DouT 
CLK 
DO 


15 
BUSY 
DO 


16 
CAL 
Dr 


Type: 
AI ~ Analog InpuI. 
DI ~ 
Digital InpuI. 


DO = Digital Output. 
P = 
Power. 


Type 


Dr 


Description 


VIN Acquisition Control Pin. During conversion, SAMPLE controls the state of the internal 
Sample-Hold Amplifier and initiates conversion (see "Conversion Control" paragraph). 
During calibration, SAMPLE is active HIGH, forcing DouT 
(Pin 3) LOW. If SAMPLE is 
LOW during calibration, DouT 
will output diagnostic information (See "Autocalibration" 
paragraph. ) 


Master Clock Input. The ADl876 requires 17 clock pulses to execute a conversion. CLK is 
also used to derive DOUT CLK (Pin 14). During calibration, 5000 clock pulses are applied. 


Serial Output Data, Twos Complement format. 


Digital Ground. 


+ 12 V Analog Supply Voltage. 


No Connection. 


No Connection. 


Analog Ground. 


Analog Ground Sense. 


Analog Input Voltage, referred the AGND SENSE. 


External Voltage Reference Input, referred to AGND. 


-12 V Analog Supply Voltage. 


+5 V Logic Supply Voltage. 


The rising edge of DOUT CLK may be used to latch DouT 
(Pin 3). DouT 
CLK is derived 
from CLK. 


Status Line for Converter. Active HIGH, indicating a conversion or calibration in progress. 


Calibration Control Pin (asynchronous). 


• 


VREF 


AGND 


FUNCTIONAL 
DESCRIPTION 
The ADI876 is a 16-bit analog-ro-digital converter including a 
samplelhold inpUl circuit, successive approximation register, 
ground sensing circuitry, serial OUlput port and a microcon- 
troller based aUlocalibration circui!. These functions are seg- 
mented onto two monolithic chips, an analog signal processor 
and a digital controller. Both chips are contained within the 
ADI876 package. 


The ADI876 employs a successive-approximation 
technique to 


determine the value of the analog input voltage. However, in- 
stead of the traditional laser-trimmed resisror-Iadder approach, 
the ADI876 uses a capaciror-array, charge-redistribution 
tech- 
nique. An array of binary-weighted capacitors subdivides the 
inpUl value 10 perform the actual analog to digital conversion. 
This capacitor array also serves a samplelhold function without 
the need for additional external circuitry. 


The autocalibration circuit within the ADI876 employs a micro- 
controller and calibration DAC 10 measure and compensate ca- 
pacitor mismatch errors. As each error is determined, 
its value 
is stored in on-chip memory (RAM). Subsequent conversions 
use these RAM values to improve conversion accuracy. The au- 
rocalibration routine may be invoked at any time. Autocalibra- 
tion insures high performance while eliminating the need for any 
user adjustments, 
and is described in detail below. 


The microcontroller 
controls all of the various functions within 
the AD1876. These include the actual successive approximation 
routine, the aurocalibration roUline, the sample/hold operation, 
and the serial data transmission. 


AUTOCALIBRATION 
The ADI876 achieves rated performance without the need for 
user trims or adjustments. 
This is accomplished through the use 
of on-chip autocalibration. 


In the autocalibration 
sequence, samplelhold offset is nulled by 


internally connecting the input circuit to the ground sense cir- 
cui!. The resulting offset voltage is measured and srored in 
RAM for later use. Next, the capacitor representing the most 
significant bit (MSB) is charged 
10 the reference voltage. This 


charge is then inverted and shared between the MSB capaciror 
and one of equal size composed of all the least significant bits. 
The difference in the summation of the charges in each of the 
equally sized capacitors represents the amount of capaciror mis- 
match. A calibration D/A converter (DAC) adds an appropriate 
value of error correction voltage to cancel the mismatch. This 
correction facror is also srored in RAM. This process is repeated 
for each of the capacirors representing the remaining bits. The 
accumulated values in RAM are then used during subsequent 
conversions 
10 adjust conversion results. 


As shown in Figure I, when CAL is taken HIGH the ADI876 
internal circuitry is reset, the BUSY pin is driven HIGH and 
the part prepares for calibration. This is a 'hard' reset and will 
interrupt any conversion or calibration currently in progress. In 
order to guarantee that all internal undefined states are cleared, 
the CAL pin should be held HIGH for at least 4 CLK cycles. 
Actual calibration begins when the CAL pin is taken LOW and 
completes in less than 5000 clock cycles or aboUl 2.5 msec with 
a continuous 500 nsec clock. 


During calibration the SAMPLE 
pin adopts an alternative func- 


tion. If it is held LOW, DOUT provides diagnostic test informa- 
tion (not intended 
10 be used by the customer). If SAMPLE is 
held HIGH, 
DOUT will be forced LOW. In either case, DOUT 


CLK will continue pulsing. Since the SAMPLE pin has no con- 
trol over the actual calibration process, normal conversion tim- 
ing may also be used for calibration. In this case, however, the 
DOUT pin will output test information during those periods that 
SAMPLE is LOW. BUSY going LOW will always indicate the 
end of calibration. 


A calibration sequence should be followed by one "dummy" 
conversion 10 clear the internal circuitry of the ADI876 in order 
to guarantee subsequent conversion accuracy. 


In most applications, it is sufficient to calibrate the ADI876 
only upon power-up, in which case care should be taken that 
the power supplies and voltage reference have stabilized firs!. 


CONVERSION CONTROL 
The ADI876 is controlled by two signals: SAMPLE and CLK, 
as shown in Figure 2. It is assumed that the part has been cali- 
brated and the digital I/O pins have the levels shown at the start 
of the timing diagram. 


A conversion consists of an input acquisition followed by 17 
clock pulses which are required to run the 16-bit internal suc- 
cessive approximation routine. The analog inpUl is acquired by 
taking the SAMPLE line HIGH for a minimum acquisition time 
of tA• The actual sample taken is the voltage present on VIN at 
the instant the SAMPLE pin is brought LOW. Care should be 
taken 10 ensure that this negative edge is well defined and jitter 
free to reduce the uncertainty (noise) in ac signal acquisition. 
On that edge the AD 1876 commits itself to the initiated conver- 
sion-the 
inpUl at V1N is disconnected from the internal capaci- 
tor array and the SAMPLE inpUl will be ignored until the 
conversion is completed (i.e., BUSY goes LOW). After a delay 
of at least tsc (SAMPLE 
10 CLK setup) the 17 CLK cycles are 
applied. BUSY is asserted after the first positive edge on CLK 
and reset after the 17th. Both the DOUT and the DOUT CLK 
outputs are generated in response to the rising edges of valid 
CLK pulses. As indicated in the timing diagram, the 2s comple- 
ment output data is presented MSB firs!. This data may be cap- 
tured with the rising edge of DOUT CLK or the falling edge of 
CLK provided leH 2: leOH' The ADI876 will ignore CLK after 
BUSY has gone LOW and not change DOUT or DOUT CLK 
until a new sample is acquired. SAMPLE will no longer be ig- 
nored after BUSY goes LOW, and so an acquisition may be ini- 
tiated even during the HIGH time of the 17th CLK pulse for 
maximum throughput 
rate while enabling full settling of the 
samplelhold circuitry. Note that if SAMPLE is already HIGH 
when BUSY goes LOW, then an acquisition is immediately ini- 
tiated and tA starts from that time. 


During signal acquisition and conversion, care should be taken 
with the logic inpUls to avoid digital feedthrough noise. It is not 
recommended that CLK be running during VIN sampling. If a 
continuous CLK is used, then the user must avoid CLK edges 
at the instant of disconnecting VIN, 
i.e., the falling edge of 
SAMPLE (see the tsc specifications). The LOW level time of 
CLK (led 
should be at least 100 ns to avoid the negative edge 
transition disturbing the internal comparator's 
settling (whose 
decision is latched on the positive edge of each valid CLK). For 
the same reason, it is also not recommended that the SAMPLE 
pin change state during conversion (i.e., until after BUSY re- 
turns LOW). 


Internal dc error terms such as comparator voltage offset are 
sampled, stored on internal capacitors and used to correct for 
their corresponding errors when needed. Because these voltages 


are stored on capacitors, they are subject to leakage decay and 
so require refreshing. For this reason the part is required to be 
run continuously-i.e., 
there is a minimum ts specification. If 
the part has been idle for too long (i.e., ts has expired) then a 
dummy conversion cycle is required to refresh these correction 
voltages. 


BUSY is HIGH during a conversion and goes LOW when the 
conversion is completed. The twos complement output data is 
presented MSB first, with MSB data valid on the rising edge of 
the second DOUT CLK pulse. Subsequent data is valid on rising 
edges of subsequent 
DOUT CLK pulses. Table I illustrates the 
ADI876 output coding. 


-Full 
Scale 
- Full Scale + I LSB 
Midscale - 
I LSB 
Midscale 
Midscale + I LSB 
Full Scale - 
I LSB 
Full Scale 


Output Code 


100 
00 
100 
01 
111. .. 
II 
000 
00 
000 
01 
011. .. 
10 
011. .. 
11 


A simple method for generating the required signals for the 
ADI876 is to connect one or more ADI876s to an NPC SM5805 
digital filter. This device supplies all signals required to operate 
the ADI876 at a 96 kHz sample rate, which is 2 x Fs for audio 
applications. This is more fully discussed in the applications sec- 
tion of this data sheet, accompanied by Figures 9 and 10. 


APPLICATIONS 
POWER SUPPLIES 
AND DECOUPLING 
The ADI876 has three power supply input pins. VEE and Vee 
provide the supply voltages to operate the analog portions of 
the ADI876 including the ADC and SHA. Voo provides the 
supply voltage which operates the digital portions of the 
AD 1876 including the serial output port and the autocalibration 
controller. 


Decoupling capacitors should be used on all power supply pins. 
These capacitors should be placed as close as possible to the 


SYSTEM 
DIGITAL 
COMMON 


SYSTEM 
ANALOG 
COMMON 


package pins as well as the ground connections. The logic sup- 
ply (Voo) should be decoupled to digital common (DGND) 
with a 0.1 jJ.F ceramic capacitor, and the analog supplies (VEE 
and Vee) should be decoupled to analog common (AGND) with 
4.7 jJ.F and 0.1 jJ.F tantalum capacitors in parallel, represented 
by C I. An effort should be made to minimize the trace length 
between the capacitor leads and the respective converter power 
supply and common pins. The recommended decoupling scheme 
is illustrated in Figure 3. 


As with most high performance linear circuits, changes in the 
power supplies can produce undesired changes in the perfor- 
mance of the circuit. Analog Devices recommends that well 
regulated power supplies with less than 1% ripple be incorpo- 
rated into the design of any system using these devices. • 


BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
A 1.22 mA current through a 0.5 n trace will develop a voltage 
drop of 0.6 mY, which is 4 LSBs at the 16 bit level for a 10 V 
full-scale span. In addition to ground drops, inductive and ca- 
pacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig- 
nals. Finally, power supplies need to be decoupled in order to 
filter ac noise. 


Analog and digital signals should not share a common return 
path. Each signal should have an appropriate analog or digital 
return routed close to it. Using this approach, signal loops en- 
close a small area, minimizing the inductive coupling of noise. 
Wide PC tracks, large gauge wire, and ground planes are highly 
recommended to provide low impedance signal paths. Separate 
analog and digital ground planes are also desirable, with a single 
interconnection 
point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them, if at all, only at right angles. A solid analog 
ground plane around the AD1876 will isolate large switching 
ground currents. For these reasons, the use of wire wrap circuit 
construction is not recommended; 
careful printed circuit con- 
struction is preferred. 


GROUNDING 
The ADI876 has three grounding pins, designated ANALOG 
GROUND (AGND), DIGITAL 
GROUND 
(DGND) and ANA- 
LOG GROUND 
SENSE (AGND SENSE). The analog ground 
pin is the "high quality" ground reference point for the device. 
The analog ground pin should be connected to the analog com- 
mon point in the system. 


AGND SENSE is intended to be connected to the input signal 
ground reference point. This allows for slight differences in level 
between the analog ground point in the system and the input 
signal ground point. However, no more than 100 mV is recom- 
mended between the analog ground pin and the analog ground 
sense pin for specified performance. 


The digital ground pin is the reference point for all of the digital 
signals that operate the AD 1876. This pin should be connected 
to the digital common point in the system. As illustrated in 
Figure 3, the analog and digital grounds should be connected 
together at one point in the system. 


1 ne mput vOltage range IS oetermmeo 
by the value ot the reter- 
ence voltage; in general, a reference voltage of n volts produces 
an input range of :!:n volts. Signal-to-noise performance is in- 
creased proportionately 
with input signal range. The AD 1876 is 
specified with a 5.0 V reference and an analog input of:!:5 V. 
In the presence of a fixed amount of system noise, increasing 
the LSB size (which results from increasing the reference volt- 
age) will increase the effective S/(N +D) performance for input 
values below the point where input distortion occurs. Figure 11 
illustrates S/(N +D) as a function of input amplitude and refer- 
ence voltage. 


During a conversion, the switched capacitor array of the 
ADI876 presents a dynamically changing current load at the 
voltage reference as the successive-approximation 
algorithm cy- 


cles through various choices of capacitor weighting. The output 
impedance of the reference circuitry must be low so that the 
output voltage will remain sufficiently constant as the current 
drive changes. In most applications, this requires that the out- 
put of the voltage reference be buffered by an amplifier with 
low impedance at relatively high frequencies. A (10 IlF or 
larger) capacitor connected between VREF and AGND will re- 
duce the demands on the reference by decreasing the magnitude 
of high frequency components. 


The following two sections represent typical design approaches. 


VOLTAGE REFERENCE-AUDIO 
APPLICATIONS 
Audio applications require optimal ac performance over a rela- 
tively narrow temperature 
range, with low cost being important. 


Figure 4 shows one such approach towards attaining these goals. 
A voltage reference, consisting of a Zener diode, capacitor, resis- 
tor and op amp with typical component values, is shown. This 
simple circuit has the advantage of low cost, but the reference 
voltage value is sensitive to changes in the + 12 V supply. Addi- 
tionally, changes in the Zener value due to temperature 
varia- 
tions will also be reflected in the reference voltage. 
RoPTION 
may be required for other component selections if the Zener 
requires more current than the op amp can supply. 


VOLTAGE REFERENCE- 
PRECISION MEASUREMENT 
APPLICATIONS 
In applications other than audio, parameters such as low drift 
over temperature 
and static accuracy are important. 
Figure 5 
shows a voltage reference circuit featuring the 5 V AD586. The 
AD586 is a low cost reference which utilizes a buried Zener ar- 
chitecture to provide low noise and drift. Over the O°Cto +70°C 


tor, \..N' reOuces the broaOban<lnOise ot the AUSH6 output, 
thereby optimizing the overall performance of the AD1876. 


For higher performance needs, the AD588 reference provides 
improved drift, low noise, and excellent initial accuracy. The 
AD588 uses a proprietary ion-implanted buried Zener diode in 
conjunction with laser-trimmed thin-film resistors for low offset 
and gain. The AD588 output is accurate to 0.65 mV from its 
value at +25°C over the O°Cto +70°C range. The circuit shown 
in Figure 6 includes a noise-reduction network on Pins 4, 6 and 
7. The 1 IlF capacitors form low pass filters with the internal 
resistance of the AD588 and external 3.9 kfi resistor. This re- 
duces the wide-band (to I MHz) noise of the AD588, providing 
optimum performance of the AD1876. 


ANALOG 
INPUT 
As previously discussed, the analog input voltage range for the 
ADI876 is :!:VREF• For purposes of ground drop and common- 
mode rejection, the VIN and VREF inputs each have their own 
ground. VREF is referred to the local analog system ground 
(AGND), and VIN is referred to the analog ground sense pin 
(AGND SENSE) which allows a remote ground sense for the 
input signal. If AGND SENSE is not used, it should be con- 
nected to the AGND pin at the package. The AGND SENSE 
pin is intended to be tied to potentials within 100 mV of AGND 
to maintain specified performance. 


The ADI876 analog inputs (VIN, VREF and AGND SENSE) 
exhibit dynamic characteristics. When a conversion cycle begins, 
each analog input is connected to an internal, discharged 50 pF 
capacitor which then charges to the voltage present at the corre- 
sponding pin. The capacitor is disconnected when SAMPLE is 


external source by this high initial charging current, an internal 
buffer amplifier is employed between the input and this capaci- 
tance for a few hundred nanoseconds. During this time the 
input pin exhibits typically 20 kfi input resistance, 10 pF in- 
put capacitance and ±40 fJ-Abias current. Next, the input is 
switched directly to the now precharged capacitor and allowed 
to fully settle, after which SAMPLE is taken LOW. During this 
time the input sees only a 50 pF capacitor. Once the sample is 
taken, the input is internally floated so that the external input 
source sees a very high input resistance and a parasitic input 
capacitance of typically only 2 pF. As a result, the only domi- 
nant input characteristic which must be considered is the high 
current steps which occur when the internal buffers are switched 
in and out. 


In most cases, it is desirable to use external op amps to drive 
the AD1876. For ac applications where low cost and low distor- 
tion are desired, the AD711 may be used as shown in Figure 7. 
Another option is the 5532/5534 series. Care should always be 
taken with op amp selection-many 
available op amps do not 
meet the necessary low distortion requirements with even mod- 
erate loading conditions. 


Figure 
7. 
TESTING 
THE ADl876 
Analog Devices employs a high performance mixed signal VLSI 
tester to verify the electrical performance of every AD1876. The 
test system consists of two main sections, an input signal genera- 
tor and a digital data and control section. 


The stimulus section is responsible for providing a high purity, 
noise-free, band limited tone to the input of the device. This 
input frequency is 1.06 kHz. The test tone is passed through a 
bandpass filter to remove distortion products and then buffered 
by a high performance op amp. An external 5.000 V reference 
voltage is also supplied by this section. 


The control section of the test equipment provides an external 
clock and the control signals for calibration, conversion and data 
transmission. This section of the tester also contains the process- 
ing unit that calculates the actual performance of the device un- 
der test. 


under test digitizes the input waveform. This conversion is per- 
formed at a 96 kSPS rate and transmits the resulting serial data 
to the tester. The tester performs an FFT on the test data and 
determines the actual performance of the device. 


AC PERFORMANCE 
Using the aforementioned test methodology, ac performance 
of the ADI876 is measured. AC parameters, which include 
S/(N+D), 
THD, etc., reflect the AD1876's effect on the spec- 
tral content of the analog input signal. Figures II through 15 
provide information on the AD1876's ac performance under a 
variety of conditions. 


As a Ileneral rule, averaging the results from several conversions 
reduces the effects of noise and, therefore, improves such pa- 
rameters as S/(N+D) 
and THD. 
ADI876 performance is opti- 
mized by operating the device at its maximum sample rate of 
100 kSPS and digitally filtering the resulting bit stream to the 
desired signal bandwidth. 
This succeeds in distributing 
noise 
over a wider frequency range, thus reducing the noise density in 
the frequency band of interest. This subject is discussed in the 
following section. 
• 


OVERSAMPLING 
AND NOISE FILTERING 
The Nyquist rate for a converter is defined as one-half its sam- 
pling rate. This is established by the Nyquist theorem, which 
requires that a signal be sampled at a rate corresponding to at 
least twice its widest bandwidth of interest in order to preserve 
the information content. Oversampling is a conversion technique 
in which the sampling frequency is an integral (2 or more) mul- 
tiple of twice the frequency bandwidth of interest. In audio ap- 
plications, the AD 1876 can operate at a 2x oversampling rate. 


In quantized systems, the information content of the analog in- 
put is represented in the frequency spectrum from dc to the 
Nyquist rate of the converter. Within this same spectrum are 
higher frequency aliased noise components. Antialias, or low- 
pass, filters are used at the input to the ADC to remove the por- 
tion of these noise components attributed 
to high frequency 
analog input noise. However, wideband noise contributed 
by the 
ADI876 will not be reduced by the antialias ftlter. The ADI876 
contributed noise is evenly distributed 
from dc to the Nyquist 
rate, and this fact can be used to minimize its overall effect. 


The AD 1876 contributed 
noise effects can be reduced by over- 
sampling-sampling 
at a rate higher than defined by the 
Nyquist theorem. This spreads the noise energy over a distribu- 
tion of frequencies wider than the frequency band of interest, 
and by judicious selection of a digital filter, noise frequencies 
outside the bandwidth of interest may be eliminated. The pro- 
cess of quantization inherently produces noise, known as quanti- 
zation noise. The magnitude of this noise is a function of the 
resolution of the converter, and manifests itself as a limit to the 
theoretical signal-to-noise ratio achievable. This limit is de- 
scribed by S/(N+D) 
= (6.02 n + 1.76 + 10 log Fs/2 Fa) dB, 
where n is the resolution of the converter in bits, Fs is the sam- 
pling frequency, and Fa is the signal bandwidth of interest. For 
audio bandwidth applications, the ADI876 is capable of operat- 
ing at a 2 x oversample rate (96 kSPS), which typically produces 
an improvement in S/(N + D) of 3 dB compared with operating 
at the Nyquist conversion rate of 48 kSPS. Oversampling has 
another advantage as well; the demands on the antialias filter are 


lessened. In summary, system performance is optimized by run- 
ning the ADI876 at or near its maximum sampling rate of 100 
kHz and digitally filtering the resulting spectrum to eliminate 
undesired frequencies. 


DSPINTERFACE 
Figure 8 illustrates the use of the Analog Devices ADSP-2101 
digital signal processor with the AD1876. The ADSP-2101 FO 
(flag out) pin of serial port I (SPORT I) is connected to the 
SAMPLE line and is used to control acquisition of data. The 
ADSP-2101 timer is used to provide precise timing of the FO 
pin. 


ADSP·2101 
AD1876 


FO 
SAMPLE 
r~ 


elK 


SERIAL 
ORO 
°OUT 


PORT" 
RFSO 
BUSY 


OTO 


TFSO 


Figure 8. ADSP-2101 
Interface 


The SCLK pin of the ADSP-2101 SPORTO provides the CLK 
input for the AD1876. The clock should be programmed to be 
approximately 2 MHz to comply with AD1876 specifications. 
To minimize digital feedthrough, 
the clock should be disabled 


(by setting Bit 14 in SPORTO control register to 0) during data 
acquisition. Since the clock floats when disabled, a pulldown 
resistor of 12 k-15 kD should be connected to SCLK to ensure 
it will be LOW at the falling edge of SAMPLE. To maximize 
the conversion rate, the serial clock should be enabled immedi- 
ately after SAMPLE is brought LOW (hold mode). 


The ADI876 BUSY signal is connected to RFO to notify 
SPORTO when a new data word is coming. SPORTO should be 
configured in normal, external, non inverting framing mode and 


LEFT 


CHANNEL 


INPUT 


RIGHT 


CHANNEL 


INPUT 


can be programmed to generate an interrupt after the last data 
bit is received. To maximize the conversion rate, SAMPLE 
should be brought HIGH immediately after the last data bit is 
received. 


SIGNAL 
PROCESSING 


An audio spectrum analyzer can be produced by combining an 
ADI876 and an ADSP-2101 signal processing microcomputer. 
This system can analyze signals from dc to 50 kHz depending 
on the sample rate. This is ideal for applications such as audio 
analysis, but could also be applied to vibration analysis as well. 


AUDIO DELAY LINE 
A high performance, 
16-bit stereo delay line can be constructed 
from two ADI876 audio ADCs, a signal processing microcom- 
puter and two ADI856 audio DACs. Depending on the length 
of the internal buffer which produces the delay, a variable delay 
is possible. Other applications are also possible with only a 
change in software. For example, a reverb or echo effect could 
be generated as well. 


ADI876 AND SMS80S DIGITAL 
FILTER 
@ 2 Fs 
A simple method for generating the required signals for the 
ADI876 is to connect one or more ADI876s to an NPC SM5805 
digital filter. This device supplies all signals required to operate 
the ADI876 at a 96 kHz sample rate, which is 2 x Fs for audio 
applications. 


To minimize group delay distortion, the input to the ADI876 is 
filtered only by a low order analog filter. The ADI876 samples 
the output of the filter at 2 Fs (96 kHz). To prevent aliasing, 
the SM5805 filters the data with a sharp, linear phase filter roll- 
ing off at 0.5 Fs. The resulting data is decimated to a sample 
rate of 48 kSPS. 


Interfacing the two chips is straight forward, as shown in Figure 
9. The start signal for the AD1876 (for 96 kSPS operation) is 
provided by the SIH pin of the SM5805, and CLK is derived 
from the BCC pin. Figure 10 illustrates the corresponding tim- 
ing diagram. 
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14. IMD Plot 
for 
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Figure 
15. Power 
Supply 
Rejection 
(f,N = 1.06 kHz, 


fSAMPLE = 96 kSPS, 
VRIPPLE= 0.3 V p-p) 
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FEATURES 
Dual Channel 
98 dB Signal-to-Noise 
Ratio 
98dB THD+N 
0.0004 dB Passband Ripple 
115 dB Stopband 
Attenuation 
64x Oversampling 
Linear Phase 


APPLICATIONS 
OAT and DCC Tape Players 
Direet-to-Disc 
Recorders 
Digital Audio Editors 
Digital Mixing Consoles 


The digital decimating filters and serial port are fabricated using 
a CMOS process. Using a proprietary 
technique, these single- 
stage digital filters provide a narrow transition band, deep stop- 
band attenuation 
and low passband ripple. 


The output port provides a single, serial bit stream which can 
operate in several MASTER or SLAVE modes. It is controlled 
by a clock and mode select pins. The format of the data is twos 
complement, 
MSB first. The output signals are TTL and 5 volt 
CMOS compatible. Output words may be transmitted 
in a right- 
justified, I2S or user-defmed format. 


16-Bit Oversampled ADC 


AD1878 
I 


The ADI878 operates with :!:S volt power supplies. Separate 
digital and analog power supplies and ground connections are 
provided for reduced digital crosstalk. The ADI878 is guaran- 
teed to operate over a temperature 
range of - 25°C to +70°C 
and is packaged in a 28-pin plastic DIP. 


PRODUCT 
HIGHLIGHTS 
J. 64 x Fs sampling rate. 


2. From 2.5 kHz to 50 kHz output word rates. 


3. Passband ripple is less than 0.001 dB. 


4. Stopband attenuation 
is llS dB. 


5. Excellent low level signal performance is achieved. 


6. No sample-and-hold circuits are required. 
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This information 
applies to a product 
under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 


Analog 
Devices assumes no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 


AD1878 -SPECIFICATIONS 


RESOLUTION 


OVERSAMPLING 
RATIO 


DYNAMIC RANGE, 0 kHz to 20 kHz, No A-Weight Filter 


Stereo Mode' 
Mono Mode2 


SIGNAL TO (NOISE 
+ DISTORTION) 


o dB, 1 kHz 
-20 dB, 1 kHz 
-60 dB, 1 kHz 


ANALOG INPUTS 
Input Range 
Input Impedance 


REFERENCE 
OUTPUT 
Output Voltage 
Output Impedance 


DC ACCURACY 
Gain Matching 
Gain Error 
Gain Drift 
Midscale Error 
Midscale Drift 


PHASE DEVIATION 
(Interchannel) 


CROSSTALK 


20 kHz, EIAJ Method 


DIGITAL 
FILTER 
CHARACTERISTICS 
Passband Ripple 
Stopband Attenuation 
12.288 MHz Master Clock' 


Passband Edge 
Stopband Edge 
11.2896 MHz Clock' 


Passband Edge 
Stopband Edge 


DIGITAL 
INPUTS AND OUTPUTS 


VIH 
VIL 


I,H 
@' V IH = S V 


IlL 
@' VIL = 0 V 
VOH 
@' IOH = 4 mA 


VOL 
@' IOL = 4 mA 


NOMINAL 
MASTER CLOCK FREQUENCY 


POWER SUPPLIES 


Voltage, +VL and +Vs 
Voltage, -VL 
and -Vs 
Current, 
+ IL and + Is 
Current, 
- IL and - Is 


POWER DISSIPATION 
Operation 
Power Down APD = "I" 


POWER SUPPLY REJECTION 
RATIO 


TEMPERATURE 
RANGE 
Specification 
Operation 
Storage 


@ ± 5 volt Supplies, TA = +25°C, Clock = 12.288 MHz 


Target 


18 


64 


Units 


Bits 


x Fs 


3 
TBD 


TBD 


~~~~ 


Below Measurable Limit 


dB 
% 
ppmrc 
LSBs 
ppmrc 


Degrees 


2.0 
0.8 
10 
10 
4.S 
0.5 


12.288 


V 
V 
fl-A 
fl-A 
V 
V 


MHz 


5 
-S 
TBD 
TBD 


2S 
-25 to +70 
-60 
to + 100 


NOTES 
IStereo Mode uses Output of each channel independently. 
IMono Mode sums output words to derive higher Dynamic 
Range. 


316-bit LSBs. 


4Master Clock Frequency 
for 48 kHz sample rate. 
SMaster Clock Frequency 
for 44.1 kHz sample rate. 
Specifications 
subject to change without 
notice. 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed 
to in writing. 
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High Pertormance Stereo 
la-Bit Oversampled ADC 


ADla79 
I 


FEATURES 
Dual Channel 
103 dB Signal-to-Noise 
Ratio 
98dB THD+N 
0.0004 dB Passband Ripple 
115 dB Stopband 
Attenuation 
64x Oversampling 
Linear Phase 


APPLICATIONS 
Pro Audio Digital Tape Recorders 
Direct-to-Disc 
Recorders 
Digital Audio Editors 
Digital Mixing Consoles 


PRODUCT 
DESCRIPTION 
The ADI879 is a two-channel, 
18-bit oversampled digital audio 


ADC. Each channel incorporates a high performance one¥ 
noise shaping modulator and a digital decimating (ilter. An on 
board voltage reference is also included. AD 
outpu 
da 
s 


transmitted 
from a flexible serial data p 
.:r 
cir uitry of 
ADI879 is segmented between tw 
~no' 
Chips. 


The voltage reference and one-bit 
Ulators are faoricated 
QIl a 


BiCMOS chip. The reference circuitry provides a r ference-volt- 
age that is stable over temperature 
and time. U mg art extern 
master clock, the one-bit modulators operate at a 64 x Fs ove - 
sampling ratio. This oversampling ratio permits the antialias 
mters to be simple resistor-capacitor 
combinations and results in 
linear phase throughout 
the passband. The modulators are 5th 


order and employ differential switched capacitor mters to pro- 
vide the required noise shaping characteristics and extremely 
low distortion. 


The digital decimating mters and serial port are fabricated using 
a CMOS process. Using a proprietary 
technique, these single- 


stage digital mters provide a narrow transition band, deep stop- 
band attenuation 
and low passband ripple. 


The output port provides a single, serial bit stream which can 
operate in several MASTER or SLAVE modes. It is controlled 
by clock and mode select pins. The format of the data is twos 
complement, 
MSB first. The output signals are TTL and 5 volt 
CMOS compatible. Output words may be transmitted 
in a right- 
justified, r>S or user-defmed format. 


The AD 1879 operates with ±5 volt power supplies. Separate 
digital and analog power supplies and ground connections are 
provided for reduced digital crosstalk. The ADI879 is guaran- 
teed to operate over a temperature 
range of - 25°C to +70°C 
and is packaged in a 28-pin plastic DIP. 


PRODUCT 
HIGHLIGHTS 
1. 64 x Fs sampling rate. 


2. Passband ripple is less than 0.001 dB. 


3. Stopband attenuation 
is 115 dB. 


4. Excellent low level signal performance is achieved. 


5. No sample-and-hold 
circuits are required. 


6. Fully differential analog inputs. 


7. Extremely flexible serial data output port. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 
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RESOLUTION 


OVERSAMPLING 
RATIO 


DYNAMIC 
RANGE, 
0 kHz to 20 kHz, No A-Weight Filter 
Stereo Mode' 
Mono Mode2 


POWER 
SUPPLY 
REJECTION 
RATIO 


TEMPERATURE 
RANGE 


Specification 
Operation 
Storage 


NOTES 
'Stereo mode uses output of each channel independently. 
2Mono mode sums output words to derive higher dynamic range. 
'16-bit 
LSBs. 


SIGNAL 
TO (NOISE 
+ DISTORTION) 


o dB, I kHz 
-20 
dB, I kHz 
-60 
dB, I kHz 


ANALOG 
INPUTS 
Input Range 
Input Impedance 


REFERENCE 
OUTPUT 
Output 
Voltage 
Output 
Impedance 


DC ACCURACY 
Gain Matching 
Gain Error 
Gain Drift 
Midscale Error 
Midscale Drift 


PHASE DEVIATION 
(Interchannel) 


CROSSTALK 
20 kHz, EIAJ Method 


DIGITAL 
FILTER 
CHARACTERISTICS 
Passband Ripple 
Stopband 
Attenuation 
12.288 MHz Master Clock' 
Passband Edge 
Stopband 
Edge 
11.2896 MHz Clock' 


Passband Edge 
Stopband 
Edge 


DIGITAL 
INPUTS 
AND OUTPUTS 
VlH 
VIL 
IIH@V1H 
= 5 V 
IIL@VIL 
= 0 V 
VOH @ IOH = 4 mA 
VoL@loL=4mA 


NOMINAL 
MASTER 
CLOCK 
FREQUENCY 


POWER 
SUPPLIES 
Voltage, +VL and +Vs 
Voltage, -VL 
and -Vs 


Current, +IL and +Is 
Current, 
- IL and - Is 


POWER 
DISSIPATION 
Operation 
Power Down APD = "I" 


Bits 


x Fs 


dB 
% 
ppm/'C 
LSBs 
ppm/'C 


Degrees 


2.0 
0.8 
10 
10 
4.5 


0.5 


12.288 


V 
V 
Il-A 
~ 
V 
V 


MHz 


5 
-5 
TBD 
TBD 


25 
-25 to +70 
-60 
to + 100 


4Master Clock Frequency 
for 48 kHz sample rate. 


SMaster Clock Frequency 
for 44.1 kHz sample rate. 
Specifications 
subject to change without 
notice. 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices assumes 
no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed 
to in writing. 
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FEATURES 
12-Bit Resolution and Accuracy 
Fast Conversion Time 
AD7572XX05: 5",s 
AD7572XX12: 
12.5",s 
Complete with On-Chip Reference 
Fast Bus Access Time: 90ns 
Low Power: 135mW 
Small. 0.3", 24-Pin Package 
and 28-Terminal Surface Mount Packages 


GENERAL DESCRIPTION 
The AD7s72 is a complete, 
12-bit ADC that offers high speed 
performance 
combined with low, CMOS power levels. The 
AD7s72 uses an accurate, high speed DAC and comparator in a 
successive-approximation 
loop to achieve a fast conversion time. 


An on-chip, buried Zener diode provides a stable reference 
voltage to give low drift performance over the full temperature 
range and the specified accuracy is achieved without any user 
trims. An on-chip clock circuit is provided, which may be used 
with a crystal for stand-alone operation, or the clock input may 
be driven from an external clock source such as a divided-down 
microprocessor 
clock. The only other external components re- 
quired for basic operation of the AD7s72 are decoupling capacitors 
for the supply voltages and reference output. 


The AD7s72 has a high speed digital interface with three-state 
data outputs and can operate under the control of standard 
microprocessor 
Read (RD) and decoded address (CS) signals. 


Interface timing is sufficiently fast to allow the AD7s72 to operate 
with most popular microprocessors, 
with three-state enable 
times of only 90ns and bus relinquish times of 7sns. 


The AD7s72 is fabricated in Analog Devices Linear Compatible 
CMOS process (LC2MOS), 
an advanced, all ion-implanted 
process that combines fast CMOS logic and linear, bipolar circuits 
on a single chip, thus achieving excellent linear performance 
while still retaining low CMOS power levels. 


The AD7s72 is available in both 0.3" wide, 
24-pin DIPs and in 


a 28-terminal plastic leaded chip carrier (PLCC) and leadless 
ceramic chip carrier (LCCC). 


LC2MOS 
Complete, High Speed 12-Bit ADC 


AD7572 
I 
• 


PRODUCT 
HIGHLIGHTS 
I. Fast, s",s and 12.sf.l.sconversion times make the AD7s72 
ideal for a wide range of applications in telecommunications, 
sonar and radar signal processing or any wideband data 
acquisition system. 


2. On-chip buried-Zener 
reference has temperature 
coefficient 
as low as 2sppmJOC, giving low full-scale drift over the operating 
temperature 
range. 


3. Stable DAC and comparator give excellent linearity and low 
zero error over the full temperature 
range. 


4. Fast, easy-to-use digital interface has three-state bus access 
times of 90ns and bus relinquish times of 7sns, allowing the 
AD7s72 to interface to most popular microprocessors. 


S. LC2MOS circuitry gives low power drain (13smW) from 
+ 5, -IS volt supplies. 


6. 24-pin 0.3" package offers space saving over parts in 28-pin 
0.6" DIP. 


AD7572-SPECIFICATIONS 


(VOO = 5V ± 5%, Vss = -15V 
± 5%, feLK: 2.5MHz for AD7572XX05, 1MHz for 
AD7572XX12.All Specifications 1mi• to 1max unless otherwise noted. Specifications 
apply to Slow Memory Mode.) 


I,A,S 
K,B,T 
C,U 


Parameter 
VersioDs1 
Versions 
LVersioD 
VersioDs 
Vails 
Test 
CoDditioDoiCommeDh 


ACCURACY 
Resolution 
12 
12 
12 
12 
Bits 


Inlegral 
NonlinearilY@ 
+ 25'C 
:!:I 
:!:I 
:!: 1/2 
:!: 1/2 
LSBmax 


Trninto Tmu 
:!:I 
:!:I 
:!: 1/2 
:!:3/4 
LSBmax 


Differential 
Nonlinearity 
:!:I 
:!:I 
:!:I 
:!:I 
LSBmax 


Minimum 
Resolution 
for which 
no 
Missing 
Codes are Guaranteed 
12 
12 
12 
12 
Bits 


Offse, 
Error@ 
+ 25'C 
:!:4 
:!:3 
:!:3 
:!:3 
LSBmax 


TmintoTmu 
:!:6 
:!:5 
:!:4 
:!:4 
LSBmax 
Typical 
Change 
over Temp 
Is :!: ILSB 


Full Scale (FS) Error'@ 
+ 25'C 
~ 15 
:!:IO 
:10 
:!:10 
LSBmax 
VDD~5V;Vss= 
-15V;FS~5V 


Full Scale TC'•• 
45 
25 
25 
25 
ppmI"Cmax 
Ideal Last Code Transition 
= 
FS -3/2LSBs 


ANALOG 
INPUT 
Inpul 
Voltage 
Range 
010 +5 
010 +5 
010 +5 
010 +5 
Volts 
For Bipolar 
Operation 
See 


Input 
Current 
3.5 
3.5 
3.5 
3.5 
mAmax 
Figures 
10& 12 


INTERNAL 
REFERENCE 
VOLTAGE 
VREFOutpur@ 
+ 25'C 
-5.21- 5.3 
- 5.21- 5.3 
- 5.2/- 
5.3 
- 5.21-5.3 
VminlVmax 
-5.25V:!: 
1% 


VREFOutputTC 
40 
20 
20 
20 
ppml"Ctyp 
Output 
Current 
Sink Capability 
550 
550 
550 
550 
j.LAmax 
External 
Load Should 
Not Change 
During 
Conversion 


POWER 
SUPPLY 
REJECTION 
VDDOnly 
:!: 1/2 
± 1/2 
:!: 1/2 
:!: 1/2 
LSBtyp 
FSChange, 
Vss~ 
-15V 
VDD~ 
+4.75Vto 
+5.25V 


VssOnly 
± 1/2 
:!: 1/2 
:!: 1/2 
:!: 1/2 
LSBtyp 
FSChange, 
VDD~ 
5V 
Vss = -14.25Vto 
-15.75V 


LOGIC 
INPUTS 
CS,RO,HBEN,CLKIN 
VINL, Input 
Low Voltage 
+0.8 
+0.8 
+0.8 
+0.8 
Vmax 
Voo = 5V :t5% 
VINK, Input 
High Voltage 
+2.4 
+2.4 
+2.4 
+2.4 
Vmin 
erN'S Input 
Capacitance 
10 
10 
10 
10 
pFmax 
CS,RO,HBEN 


[IN, Input 
Current 
:!:1O 
::t 10 
::tIO 
:!:1O 
V-Amax 
V1N = OtoVOD 
CLKIN 
[IN, Input 
Current 
±20 
±20 
:!:20 
:!:20 
j.LAmax 
V1N = OraVDD 


LOGIC 
OUTPUTS 
011-DO/8, 
BUSY, 
CLK 
OUT 


VOl., Output 
Low Voltage 
+0.4 
+0.4 
+0.4 
+0.4 
Vmax 
ISINK = 1.6mA 


VOH, Output 
High Voltage 
+4.0 
+4.0 
+4.0 
+4.0 
Vmin 
ISOURCE ~ 200,..A 
011-DO/8 
Floating 
State Leakage 
Current 
:t1O 
:t1O 
:!:10 
:!:1O 
,..Amax 
Floating 
State Output 
CapacitanceS 
IS 
IS 
IS 
IS 
pFmax 


CONVERSION 
TIME 
AD7572XX05 
Synchronous 
Clock 
5 
5 
5 
5 
JLsmax 
£eLK ~ 2.5MHz. 
See Under 
Asynchronous 
Clock 
4.8/5.2 
4.8/5.2 
4.8/5.2 
4.8/5.2 
JLSminimax 
Control 
Inputs 
Synchronization 
AD7572XXI2 
Synchronous 
Clock 
12.5 
12.5 
12.5 
12.5 
JLsmax 
fCLK = IMHz 
Asynchronous 
Clock 
12113 
12/13 
12113 
12113 
~s min/~s 
max 


POWER 
REQUIREMENTS 
VDD 
+5 
+5 
+5 
+5 
V NOM 
:t 5% for Specified 
Performance 
Vss 
-15 
-15 
-15 
-IS 
VNOM 
:!:5% for Specified 
Performance 
1006 
7 
7 
7 
7 
mAmax 
CS = RO 
~ VDD,AIN=5V 
Iss 6 
12 
12 
12 
12 
mAmax 
CS = RO- 
VDD,AIN=5V 
Power 
Dissipation 
135 
135 
135 
135 
mWtyp 
215 
215 
215 
215 
mWmax 


NOTES 
ITemperarureranaeasfollows; 
J, K.L Ven.ions;Oto+ 700(;. 
A.B.CVenioDS; 
-2S'"Cto+8S'"C. 


S, T. U Venions; - 5S'"Cto + 125'"C. 
2lncludes internal vohaae reference error. 
)Full·Sc:aJeTC - 6FSl6T,where6FSisFuU·ScalechansefromT", 
= + 2S"Cto TminorT 
•••••. 
41ncludn internal voltq:e reference drift. 
'Sample tested to ensure compliance. 
6Powe:tsupplycunent 
ismeasured wben AD7S72 isinKtive,i.e.,CS 
= RD = BUSY:: 
HIGH. 


SpecifICationSsubject to ~ 
wilbout notice. 


TIMING 
CHARACTERISTICS1 
(VOO 


Limit at +2SoC 
Limit at T min, T ••••• 
Limit at T min, T ••••• 
Parameter 
(All Grades) 
G, K, L, A, B, C Grades) 
(S, T, UGrades) 
Units 
Conditions/Comments 


t, 
0 
0 
0 
nsrnin 
CS to RD Setup Time 
t2 
190 
230 
270 
nsmax 
RD to BUSY Propagation Delay 


tl 
90 
110 
120 
nsmax 
Data Access Time after RD, CL =20pF 
125 
150 
170 
nsmax 
Data Access Time after RD, CL = 100pF 
4 
t3 
t3 
t3 
nsmin 
RD Pulse Width 
t5 
0 
0 
0 
nsmin 
CS to RD Hold Time 
~2 
70 
90 
100 
nsmax 
Data Setup Time after BUSY 
tl 
20 
20 
20 
nsmin 
Bus Relinquish Time 
75 
85 
90 
nsmax 
t8 
0 
0 
0 
nsrnin 
HBEN to RD Setup Time 
t9 
0 
0 
0 
nsrnin 
HBEN to RD Hold Time 
tlO 
200 
200 
200 
nsrnin 
Delay Between Successive 
Read Operations 
• 


NOTES 
ITiming 
Specifications 
arc sample 
tested 
at + 25°C to ensure 
compliance. 
All input 
control 
signal!' arc specified 
with 
tr = If = 5ns (1O°A.t090% 
of + 5V)and 
timed 
from a voltage 
level of 1.6V. 


2t} and ~ are measured 
with the load circuits 
of Figure 
1 and defined 
as the time required 
for an 
outputrocrossO.8Vor2AV. 


3(7 is defmed 
as the time required 
for the data lines to change 
O.5V when 
loaded 
with the circuits 
of Figure 
2. 


Specifications 
subject 
to change 
without 
notice. 


!3kll 


DBN~ 
c, 


~DGND 


c, 


DGND 
~ 


a. High-Z 
to VOH (t3) 


and 
VOL to VOH (t6) 
b. 
High-Z 
to VOL (t3) 
and 
VOH to VOL (t6) 


! 3kll 


DBN~ 
T 10pF 


\1DGND 
T 


10PF 


DGND 
\1 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(T A = + 25°C unless 
otherwise 
noted) 


VDD to DGND 
. 


Vss to DGND 
.. 


AGNDtoDGND 
AIN to AGND 
. 


Digital Input Voltage to DGND 


(CLK IN, HBEN, 
RD, CS) 


Digital Output Voltage to DGND 


(Dl1-DO/8, 
CLK OUT, BUSY) 


Operating Temperature 
Range 
Commercial (], K, L Versions) 
Industrial (A, B, C Versions) 
Extended (S, T, U Versions) 
. 


Storage Temperature 
. 


Lead Temperature 
(Soldering, 
10secs) 


Power Dissipation (Any Package) to + 75°C 
Derates above + 75°C by 
. 


-O.3V 
to +7V 


+O.3V to -17V 
-O.3V, 
VDD 
+ 0.3V 
. . . 
- ISV to + ISV 


. .. 
0 to + 70°C 


- 25°C to + 85°C 
- 55°C to + 125°C 
-65°C 
to + 150°C 
. 
+3OO°C 
I,OOOmW 
10mWrC 


·Stress 
above those listed under 
"Absolute 
Maximum 
Ratings" 
may cause: pennanent 


damage to the device. This is a stress rating only and functional 
operation 
of the device 


at these or any other condition 
above those indicated 
in the operational 
sections 
of this 
specification 
is not implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for ex- 
tended periods may affect device reliability. 


CAUTION 
ESD (electrostatic 
discharge) 
sensitive device. The digital control 
inputs 
are diode protect- 


ed; however, 
permanent 
damage may occur on unconnected 
devices subject 
to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged 
to the destination 
socket before devices are removed. 


Conversion 
Temperature 
Full-Scale 
Accuracy 
Package 
Model' 
Time 
Range 
TC 
Grade 
Option] 


AD7572JN05 
5115 
o to +70°C 
45ppm/"C 
±ILSB 
N-24 
AD7572KN05 
5115 
o to +70°C 
25ppm/"C 
±ILSB 
N-24 
AD7572LN05 
5115 
o to +70°C 
25ppm/"C 
±l/2LSB 
N-24 
AD7572JP05 
5115 
o to +70°C 
45ppm/"C 
±ILSB 
P-28A 
AD7572KP05 
5115 
o to +70°C 
25ppm/"C 
±ILSB 
P-28A 
AD7572LP05 
5115 
o to +70°C 
25ppm/"C 
±l/2LSB 
P-28A 
AD7572AQ05 
5115 
- 25°C to + 85°C 
45ppm/"C 
±ILSB 
Q-24 
AD7572BQ05 
5115 
- 25°C to + 85°C 
25ppm/"C 
±ILSB 
Q-24 
AD7572CQ05 
5115 
- 25°C to + 85°C 
25ppm/"C 
±l/2LSB 
Q-24 
AD7572SQ05 
5115 
-55°C to + 125°C 
45ppm/"C 
±ILSB 
Q-24 
AD7572TQ05 
5115 
-55°C to + 125°C 
25ppm/"C 
±ILSB 
Q-24 
AD7572UQ05 
5115 
-55°C to + 125°C 
25ppm/"C 
±1/2LSB 
Q-24 
AD7572SE05 
5115 
-55°C to + 125°C 
45ppm/"C 
±ILSB 
E-28A 
AD7572TE05 
5115 
- 55°C to + 125°C 
25ppm/"C 
±ILSB 
E-28A 
AD7572UE05 
5115 
-55°C to + 125°C 
25ppm/"C 
±1/2LSB 
E-28A 


AD7572JNI2 
12.5115 
o to +70°C 
45ppm/"C 
±ILSB 
N-24 
AD7572KNI2 
12.5115 
o to +70°C 
25ppm/°C 
±ILSB 
N-24 
AD7572LNI2 
12.5115 
o to +70°C 
25ppm/"C 
±l/2LSB 
N-24 
AD7572JPI2 
12.5115 
o to +70°C 
45ppm/"C 
±ILSB 
P-28A 
AD7572KPI2 
12.5115 
o to +70°C 
25ppm/"C 
±ILSB 
P-28A 
AD7572LPI2 
12.5115 
o to +70°C 
25ppm/"C 
±l/2LSB 
P-28A 
AD7572AQI2 
12.5115 
- 25°C to + 85°C 
45ppm/"C 
±ILSB 
Q-24 
AD7572BQI2 
12.5115 
-25°C to +85°C 
25ppm/"C 
±ILSB 
Q-24 
AD7572CQI2 
12.5115 
-25°C to +85°C 
25ppm/"C 
±l/2LSB 
Q-24 
AD7572SQI2 
12.5115 
- 55°C to + 125°C 
45ppm/"C 
±ILSB 
Q-24 
AD7572TQI2 
12.5115 
-55°C to + 125°C 
25ppm/"C 
±ILSB 
Q-24 
AD7572UQI2 
12.5115 
-55°C to + 125°C 
25ppm/"C 
±l/2LSB 
Q-24 
AD7572SEI2 
12.5115 
-55°C to + 125°C 
45ppm/"C 
±ILSB 
E-28A 
AD7572TEI2 
12.5115 
-55°C to + 125°C 
25ppm/"C 
±ILSB 
E-28A 
AD7572UEI2 
12.5115 
- 55°C to + 125°C 
25ppm/"C 
±l/2LSB 
E-28A 


NOTES 
'Analog Devices Reserves the right to ship ceramic (D-24A) in lieu cerdip (Q-24) hermetic package. 
'To order MIL-STD-883, 
Class B processed parts, add /883B to pan number. Contact your local sales office 
for military data sheet. For U.S. Standard Military Drawing (SMD) see DESC Drawing #5962-87591. 
'D = Ceramic DIP; E = Leadless Ceramic Chip Carrier (LCCC); N = Plastic DIP; P = Plastic Leaded 
Chip Carrier (PLCC); Q = Cerdip. For outline information see Package Information ssection. 
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WDEVICES 


I 
FEATURES 
Improved AD7572 
Faster Conversion Time 
AD7572AXX03: 
3 f.Ls 
AD7572AXX10: 
10 f.LS 
5 V and -12 V or -15 V Power Supply Operation 
Better Offset and Gain Error Specifications 
Extended Plastic Temperature 
Range 
(-40°C to +85°CI 
Low Power: 100 mW 
Small 24-Pin. 0.3" Wide DIP and 
SOIC DIP Packages 


GENERAL 
DESCRIPTION 
The AD7572A is an enhanced replacement for the industry stan- 
dard AD7572. Improvements 
include faster conversion times of 
3 fJ.S for the AD7572AXX03 and 10 fJ.S for the AD7572AXX10. 
The required power supplies are 5 V and -12 Vor 
-15 V. Ad- 
ditional features are better offset and gain error specifications 
over the original AD7572. 


The AD7572A is a complete 12-bit ADC that offers high speed 
performance combined with low, CMOS power levels. The part 
uses an accurate, high speed DAC and comparator in a 
successive-approximation 
loop to achieve a fast conversion time. 


An on-chip buried Zener diode provides a stable reference volt- 
age to give low drift performance over the full temperature 
range and the specified accuracy is achieved without any user 
trims. An on-chip clock circuit is provided, which may be used 
with a crystal for stand-alone operation, or the clock input may 
be driven from an external clock source such as a divided-down 
microprocessor clock. The only other external components re- 
quired for basic operation of the AD7572A are decoupling ca- 
pacitors for the supply voltages and reference output. 


The AD7572A has a high speed digital interface with three-state 
data outputs and can operate under the control of standard mi- 
croprocessor Read (RD) and decoded address (CS) signals. In- 
terface timing is sufficiently fast to allow the AD7572A to 
operate with· most microprocessors, 
with three-state enable times 
of only 90 ns and bus relinquish times of 75 ns. 


The AD7572A is fabricated in Analog Devices Linear Compati- 
ble CMOS process (LC2MOS), 
an advanced all ion-implanted 
process that combines fast CMOS logic and linear, bipolar cir- 
cuits on a single chip, thus achieving excellent linear perfor- 
mance while retaining low CMOS power levels. 


LC2MOS 
Complete, High Speed 12-Bit ADC 


AD7572A 
I 
• 


PRODUCT 
HIGHLIGHTS 
1. Fast Conversion Time 
Fast, 3 fJ.S and 10 fJ.S conversion times make the AD7572A 
ideal for DSP applications and wideband data acquisition 
systems. 


2. Wide Power Supply Range 
The AD7572A operates from 5 V and -12 V or -15 V 
power supplies. 


3. Microprocessor Interface 
Fast, easy-to-use digital interface has three-state bus access 
times of 90 ns and bus relinquish times of 75 ns allowing the 
AD7572A to interface to most microprocessors. 


4. Low Power 
LC2MOS circuitry gives low power drain (100 mW) from 
+5, -12 volt supplies. 


5. 24-pin 0.3" DIP and SOIC packages offer space saving over 
parts in 28-pin 0.6" DIP. 


I,A 
L 
S 
Parameter 
Versionsl 
Versionl 
Versionl 
Units 
Test Conditions/Comments 


ACCURACY 
Resolution 
12 
12 
12 
Bits 
Integral Nonlinearity 
@ 25'C 
±I 
±1I2 
±I 
LSB max 
Tmin to Tmax 
±1 
±1I2 
±1 
LSB max 
Differential 
Nonlinearity 
±1 
±1 
±1 
LSB max 
Minimum 
Resolution for Which No 
Missing Codes Are Guaranteed 
12 
12 
12 
Bits 
Offset Error @ 25'C 
±2 
±2 
±2 
LSB max 
Tmin to Tmax 
±4 
±4 
±4 
LSB max 
Typical Change over Temp is ± 1 LSB 
Full Scale (FS) Error' 
@ 25'C 
±8 
±8 
±8 
LSB max 
FS = 5 V 
Full Scale TC" • 
45 
25 
45 
ppm/'C max 
Ideal Last Code Transition 
= FS - 3/2 LSBs 


ANALOG 
INPUT 
Input Voltage Range 
o to +5 
o to +5 
o to +5 
Volts 
For Bipolar Operation 
See Figures 10 
Input Current 
3.5 
3.5 
3.5 
mAmax 
and 12 


INTERNAL 
REFERENCE 
VOLTAGE 
VREF Output 
@ 25'C 
-5.2/-5.3 
-5.2/-5.3 
-5.2/-5.3 
V minIV max 
-5.25 
V ±1% 
VREFOutput 
TC 
40 
20 
40 
ppm/'C typ 
External Load Should Not 
Output 
Current 
Sink Capability 
550 
550 
550 
I'-Amax 
Change During Conversion 


POWER 
SUPPLY REJECTION 
Voo Only 
± 112 
± 112 
±1I2 
LSB typ 
FS Change, Vss = -12 
V or -IS 
V 
VDO = 4.5 V to 5.s V 
Vss Only 
±1I2 
± 112 
±1I2 
LSB typ 
FS Change, VDO = 5 V 
Vss = -11.4 
V to -16.5 
V 


LOGIC INPUTS 
CS, RD, HBEN, 
CLK IN 
V1NU Input Low Voltage 
+0.8 
+0.8 
+0.8 
Vmax 
Voo = 5V 
±5% 
V1NH' Input High Voltage 
+2.4 
+2.4 
+2.4 
V ntin 
CIN) Input CapacitanceS 
10 
10 
10 
pF max 
CS, RD, HBEN 
IIN' Input Current 
±1O 
±1O 
±1O 
I'-Amax 
V1N = 0 V to Voo 
CLKIN 
IIN' Input Current 
±20 
±20 
±20 
I'-Amax 
V1N = OVtoVoo 


LOGIC OUTPUTS 
011-00/8, 
BUSY, CLK OUT 
VOL>Output 
Low Voltage 
+0.4 
+0.4 
+0.4 
Vmax 
IS1NK= 1.6 mA 
VoH' Output 
High Voltage 
+4.0 
+4.0 
+4.0 
Vmin 
IsouReE = 200 I'-A 
011-00/8 
Floating-State 
Leakage Current 
±1O 
±1O 
±10 
I'-Amax 
Floating-State 
Output 
Capacitance' 
IS 
IS 
IS 
pF max 


CONVERSION 
TIME 
AD7572AXX03 
Synchronous 
Clock 
3.125 
3.125 
3.125 
!-LSmax 
feLK = 4 MHz. See Under 
Asynchronous 
Clock 
3/3.25 
3/3.25 
3/3.25 
I'-Sminll'-s max 
Control Inputs Synchronization 
A07572AXXIO 
Synchronous 
Clock 
10 
10 
- 
j..LSmax 
feLK = 1.25 MHz 
Asynchronous 
Clock 
9.6110.4 
9.6110.4 
- 
J.LSminlJ.ls 
Max 


POWER 
REQUIREMENTS 
Voo 
+5 
+5 
+5 
V nom 
± 5% for Specified Performance 
Vss 
-12 
to -IS 
-12to-15 
-12 
to -IS 
V nom 
-11.4 
V to -16.5 
V for Specified Performance 
100• 
4 
4 
7 
mAmax 
CS = RD = Voo, AIN = 5 V 
Iss• 
9 
9 
12 
mAmax 
CS = RD = Voo, AIN = 5 V 
Power Dissipation 
100 
100 
120 
mWtyp 
Vss=-12V 
128/155 
128/155 
179/215 
mWmax 
Vss = -12 
V/-15 
V 


NOTES 
lTemperature 
ranges 
are as follows: 
J, L Versions, 
0 to +70°C; 
A Version, 
-40°C 
to +85°C; 
S Version, 
-55°C 
to + 125°C. 


2Includes internal voltage reference error. 
3Full-Scale TC = llFS/llT 
where .6.FS is Full-Scale change from T" = +25°C to Tm;n or Tmall• 
4IncJudes internal voltage reference drift. 
5Sample tested 
to ensure 
compliance. 
6Power 
supply 
current 
is measured 
when 
the AD7572A 
is inactive, 
i.e., 
CS = RD = BUSY 
= HIGH. 


Specifications 
subject 
to change 
without 
notice. 


Limit at + 25°C 
Limit at T nUn' T mas 
Limit at T nUn' T max 


Parameter 
(All Grades) 
G. L, A Grades) 
(S Grade) 
Units 
Conditions/Comments 


t1 
0 
0 
0 
ns min 
CS to RD Setup Time 
t2 
190 
230 
270 
ns max 
RD to BUSY Propagation Delay 
t/ 
90 
110 
120 
ns max 
Data Access Time after RD, CL=20 pF 
125 
150 
170 
ns max 
Data Access Time after RD, CL= 100 pF 


t. 
t3 
t3 
t3 
ns min 
RD Pulse Width 


t, 
0 
0 
0 
ns min 
CS to RD Hold Time 
~2 
70 
90 
100 
ns max 
Data Setup Time after BUSY 
tl 
15 
15 
15 
ns min 
Bus Relinquish Time 
75 
85 
90 
ns max 
t8 
0 
0 
0 
ns min 
HBEN to RD Setup Time 
~ 
0 
0 
0 
ns min 
HBEN to RD Hold Time 
t10 
200 
200 
200 
ns min 
Delay Between Successive 
Read Operations 
• 


NOTE 
'Timing Specifications are sample tested at +25°C (0 ensure compliance. All input control signals are specified with tr = tf = 5 os (10% to 90% of +5 V) and 
timed from a voltage level of 1.6 V. 


2() and (6 arc measured with the load circuits of Figure I and defined as the time required for an output to cross 0.8 V or 2.4 V. 


3(7 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 
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OBN~ 
~:NO 
Tel 


OGNO \l 


a. High-Z to VOH (t3) 
and 
VOL to 
VOH (t.) 
b. High-Z to 
VOL (t3) 
and VOH to 
VOL (t6) 


13kll 


OBN~ 
T 10pF 


\lOGNO 
T 10pF 


OGNO \l 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(T A = +25°C unless otherwise noted) 
Voo to DGND 
-0.3 
V to +7 V 
Vss to DGND 
..............•..... 
+0.3 V to -17 V 


AGND to DGND 
-0.3 
V, Voo + 0.3 V 
AIN to AGND 
-15 V to + 15 V 


Digital Input 
Voltage to DGND 


(CLK IN, HBEN, RD, CS) 
-0.3 
V, Voo +0.3 V 


Digital Output Voltage to DGND 


(DII-DO/8, 
CLK OUT, BUSY) ..... 
-0.3 
V, Voo +0.3 V 


Operating Temperature 
Range 
Commercial (], L Versions) 
0 to +70°C 


Industrial (A Version)' 
-40°C to +85°C 


Extended (S Version) 
-55°C to + 125°C 
Storage Temperature 
-65°C to + 150°C 


Lead Temperature 
(Soldering, 10 sees) 
+ 300°C 


Power Dissipation (Any Package) to +75°C 
1,000 mW 


Derates above +75°C by 
10 mWrC 


·Stress above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


CAUTION: 
--------------- 
_ 
ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 


however, permanent 
damage may occur on unconnected 
devices subjected to high energy elec- 


trostatic fields. Unused devices must be stored in conductive foam or shunts. The foam should 
be discharged to the destination socket before devices are removed. 


Conversion 
Temperature 
Full-Scale 
Accuracy 
Package 
Model 
Time 
Range 
TC 
Grade 
Option' 


AD7572AJN03 
3 fLS 
O°Cto +70°C 
45 ppmJ"C 
±I LSB 
N-24 
AD7572AAN03 
3 fLS 
-40°C to +85°C 
45 ppmJ"C 
±I LSB 
N-24 
AD7572ASQ032 
3 fLS 
-55°C to + l25°C 
45 ppmJ"C 
±I LSB 
Q-24 
AD7572ALN03 
3 fLs 
O°Cto +70°C 
25ppmJ"C 
±112 LSB 
N-24 
AD7572AAQ03 
3 fLS 
-40°C to +85°C 
45 ppmJ"C 
±I LSB 
Q-24 
AD7572AJR03 
3 fLS 
O°Cto +70°C 
45 ppmJ"C 
±I LSB 
R-24 
AD7572AAR03 
3 fLS 
-40°C to +85°C 
45 ppmJ"C 
±I LSB 
R-24 


AD7572AJNIO 
10 fLS 
O°Cto +70°C 
45 ppmJ"C 
±I LSB 
N-24 
AD7572AANIO 
10 fLS 
-40°C to +85°C 
45 ppmJ"C 
±I LSB 
N-24 
AD7572ALNIO 
10 fLS 
O°Cto +70°C 
25 ppmJ°C 
±1/2 LSB 
N-24 
AD7572AJRIO 
10 fLS 
O°Cto +70°C 
45 ppmJ"C 
±I LSB 
R-24 


NOTES 
IN = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOle). 
For outline information see Package 
Information 
section. 
'AD7572ASQ03 will be available to 1883B processing only. Contact your local sales office for release 
information. 
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BUSY 


RD 


HBEN 


elK OUT 


CUCIN 


D0I8 


DS 
Dl/9 


02110 


DGND 


I 


2 


3 


4 
11 


13 
16 


AGND 


Dll 
D4 


03/11 
DO/8 


Analog Input. 


Voltage Reference Output. The AD7572A has its own internal -5.25 
V reference. 


Analog Ground. 


Three State Data Outputs. 
They become active when CS and RD are brought low. 


Individual pin function is dependent upon High Byte Enable (HBEN) Input. 


Pin 4 
Pin 5 
Pin 6 
Pin 7 Pin 8 
Pill 9 
Pin 10 Pin 11 Pin 13 Pin 14 Pin 15 Pin 16 


MNEMONIC* 
DII 
DIO 
D9 
D8 
D7 
D6 
D5 
D4 
03/11 
D2I1O 
Dl/9 
DO/8 


HBEN = LOW 
DB II 
DBIO 
DB9 
DB8 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DBI 
DBO 


HBEN = HIGH 
DB II 
DB 10 DB9 
DB8 
LOW 
LOW 
LOW 
LOW 
DBII 
DB 10 
DB9 
DB8 


NOTES 
*D II 
DO/8 are the ADC data output pins. 
DBII 
DBO are the 12-bit conversion results, DBII is the MSB. 


12 
DGND 


17 
CLKIN 


18 
CLK OUT 


19 
HBEN 


20 
RD 


21 
CS 


22 
BUSY 


23 
Vss 


24 
Voo 


Digital Ground. 


Clock Input Pin. An external TTL compatible clock may be applied to this pin. Alternatively, 
a crystal or ceramic resonator may be connected between CLK IN (Pin 17) and CLK OUT 
(Pin 18). 


Clock Output Pin. An inverted CLK IN signal appears at CLK OUT when an external clock is 
used. See CLK IN (Pin 17) description for crystal (resonator). 


High Byte Enable Input. Its primary function is to multiplex the 12 bits of conversion data onto 
the lower D7 ... 
DO/8 outputs (4 MSBs or 8 LSBs). See Pin Description 4 ... 
11 and 
13 ... 
16. It also disables conversion start when HBEN is high. 


READ Input. This active LOW signal, in conjunction with CS, is used to enable the output data 
three-state drivers and initiate a conversion if CS and HBEN are low. 


CHIP SELECT Input. This active LOW signal, in conjunction with RD is used to enable the 
output data three-state drivers and initiate a conversion if RD and HBEN are low. 


BUSY Output indicates converter status. BUSY is LOW during conversion. 


Negative Supply, -12 V to -IS 
V. 


Positive Supply, +5 V. 


OPERATIONAL 
DIAGRAM 
An operational diagram for the AD7572A is shown in Figure 3. 
The AD7572A is a l2-bit successive approximation AiD con- 
verter. The .addition of just a crystal/ceramic resonator and a few 
capacitors enables the device to perform the analog-to-digital 
function. 


o TO +5V 
ANALOG 


INPUT 


-5.25V 
VIlEfOUTPUT 


NOTES 
AQ7572AXX03 
- 
4.0 
MHz 
CRYSTAL/CERAMIC 
RESONATOR. 
AD7572AXX10 
- 
1.25 
MHz 
CRYSTAL/CERAMtc 
RESONATOR. 
Cl AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC 
RESONATOR 
MANUFACTURER. 
TYPICAL 
VALUES 
ARE 
FROM 
30 to 100 
pF. 


CONVERTER 
DETAILS 
Conversion start is controlled by the CS, RD and HBEN inputs. 
At the start of conversion the successive approximation register 
(SAR) is reset and the three-state data outputs are enabled. 
Once a conversion cycle has begun it cannot be restarted. 


During conversion, the internal 12-bit voltage mode DAC out- 
put is sequenced by the SAR from the most significant bit 
(MSB) to the least significant bit (LSB). Referring to Figure 4, 
the AIN input connects to the comparator input via 2.5 kG. 


Figure 4. AD7572A AIN Input 


The DAC which has a similar 2.5 kG output impedance con- 
nects to the same comparator input. Bit decisions are made by 
the comparator (zero crossing detector) which checks the addi- 
tion of each successive weighted bit from the DAC output. The 
MSB decision is made 80 ns (typically) after the second falling 
edge of CLK IN following a conversion start. Similarly, the suc- 
ceeding bit decisions are made approximately 80 ns after a CLK 


IN edge until conversion is finished. At the end of conversion, 
the DAC output current balances the AIN input current. The 
SAR contents (l2-bit data word) which represent the AIN input 
signal is loaded into a 12-bit latch. 
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:: 
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CLKOUT~.,.J\.J""LF 
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I 
I 
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DBll 
0810 
DBl 
DBO 
lMSBI 
(LSB) • 


Figure 5. Operating Waveforms 
Using an External Clock 
Source for CLK IN 


CONTROL 
INPUTS 
SYNCHRONIZATION 
In applications where the RD control input is not synchronized 
with the ADC clock then conversion time can vary from 12 to 
13 CLK IN periods. This is because the ADC waits for the first 
falling CLK IN edge after conversion start before the conversion 
procedure begins. Without synchronization, 
this delay can vary 


from zero to an entire clock period. If a constant conversion 
time is required, then the following approach ensures a fixed 
3.125 fJ.sconversion time for the AD7572AXX03 and 10 fJ.Sfor 
the AD7572AXXIO: when initiating a conversion, RD must go 
low on either the rising edge of CLK IN or the falling edge of 
CLKOUT. 


DRIVING 
THE ANALOG 
INPUT 
During conversion, the AIN input current is modulated by the 
DAC output current at a rate equal to the CLK IN frequency 
(i.e.,4 
MHz when CLK IN = 4 MHz). The analog input volt- 
age must remain fixed during this period and as a result must be 
driven from an op amp or sample-and-hold with a low output 
impedance. The output impedance of an op amp is equal to the 
open loop output impedance divided by the loop gain at the fre- 
quency of interest. 


Suitable devices capable of driving the AD7572A AIN input 
are the AD845 op amp or the AD585 sample-and-hold. 


INTERNAL 
CLOCK 
OSCILLATOR 
Figure 6 shows the AD7572A internal clock circuit. A crystal or 
ceramic resonator may be connected between CLK IN (Pin 17) 
and CLK OUT (Pin 18) to provide a clock oscillator for the 
ADC timing. Alternatively the crystal/resonator 
may be omitted 
and an external clock source may be connected to CLK IN. For 
an external clock the mark/space ratio can vary from 45/55 to 
55/45. An inverted CLK IN signal will appear at the CLK OUT 
pin as shown in the operating waveforms of Figure 5. 


NOTES 
AD7572AXX03 
- 
4.0 
MHz 
CRYSTAL/CERAMtc 
RESONATOR. 
AD7572AXX10· 
1.25 
MHz 
CRYSTAL/CERAMIC 
RESONATOR. 
Cl 
AND 
C2 
CAPACITANCE 
VALUES 
DEPEND 
ON 
CRYSTAL/CERAMIC 
RESONATOR 


MANUFACTURER. 
TYPICAL 
VALUES 
ARE 
FROM 
30 
to 
tOO 
pF. 


INTERNAL 
REFERENCE 
The AD7572A has an on-chip, buffered, temperature- 
compensated, 
buried Zener reference, which is factory trimmed 
to -5.25 
V ±I%. 
It is internally connected to the DAC and is 
also available at Pin 2 to provide up to 550 IJ.Acurrent to an 
external load. 


For minimum code transition noise the reference output should 
be decoupled with a capacitor to fllter out wideband noise from 
the reference diode (10 IJ.Fof tantalum in parallel with 100 nF 
ceramic). Some applications will use the AD7572A as an 
upgrade replacement for the AD7572. The recommended refer- 
ence decoupling for the AD7572 differs from the AD7572A in 
that it contains an additional 10 n resistor in series with the 
capacitors. This resistor makes no difference to the performance 
of the 10 IJ.Sversion of the AD7572A, but it does adversely 
affect the linearity performance of the 3 IJ.Sversion. So, applica- 
tions using the AD7572A as a 3 IJ.Supgrade of the AD7572 
must replace the 10 n reference resistor with a wire linle 


UNIPOLAR 
OPERATION 
Figure 8 shows the ideal input/output 
characteristic for the 0 to 
5 volt input range of the AD7572A. The designed code transi- 
tions occur midway between successive integer LSB values (i.e., 
1/2 LSB, 3/2 LSBs, 5/2 LSBs ... 
FS-3/2 LSBs). The output 
code is natural binary with I LSB = FS/4096 = (5/4096) V = 
1.22 mY. 


OUTPUT 
FULL 
SCALE 
CODE 
TRANSITION 


11 "'I 
>- 


11 
.. 
110 


11 ... 
101 
I 


I 
" 
I 
"" 


FS = 5V 
I 
, 
" 
,LSB 
= ~ 
I 
" 
4096 
00. '''be 


00. 
010 


00. : 
-------- 
00. 
I 
0 
1 
2 
3 
FS 


LSB 
LSB'S 
LSB'S 
FS 
-ILSB 


AIN. 
INPUT 
VOLTAGE 
UN TERMS 
OF LSB'sl 


Figure 8. AD7572A Ideal Input/Output 
Transfer 
Characteristic 


UNIPOLAR 
OFFSET 
AND FULL-SCALE 
ERROR 
ADJUSTMENT 
In applications where absolute accuracy is important then offset 
and full-scale error can be adjusted to zero. Offset error must be 
adjusted before full-scale error. Figure 9 shows the extra compo- 
nents required for full-scale error adjustment. 
Zero offset is 
achieved by adjusting the offset of the op amp driving AIN 
(i.e., Al in Figure 9.). For zero offset error apply 0.61 mV (i.e., 
1/2 LSB) at VIN and adjust the op-amp offset voltage until the 
ADC output code flickers betweenסס ooסס ooסס oo and 
0000 0000 000I. 


For zero full-scale error apply an analog input of 4.99817 V 
(i.e., FS-3/2 LSBs or last code transition) at V1N and adjust RI 
until the ADC output code flickers between 1111 1111 1110 and 
llllllllllli. 


Figure 9. Unipolar 0 to +5 V Operation with Gain Error 
Adjust 


BIPOLAR OPERATION 
Figures 10 and 12 show how bipolar operation can be achieved 
with the AD7572A. Both circuits use an op amp to offset the 
analog signal (VIN) by 2.5 V. Alternatively, the op amp (AI) can 
be replaced by a sample hold as shown in Figure 24. The op 
amp transfer functions are given below: 


Figure 10: AIN = (VIN + 2.5) volts 
Figure 12: AIN = (-VIN 
+ 2,5) volts 


Both circuits have an analog input range of ±2.5 V and an LSB 
size of 1.22 mV. The output codes are offset binary for Figure 
10 and complementary 
offset binary for Figure 12. Their ideal 
input/output 
transfer characteristics after offset and full-scale 
adjustment are shown in Figures 11 and 13. 


Signal ranges other than ±2.5 V are easily accommodated using 
different values of R3 and R4 for Figure 10, and a different R2 
value for Figure 12, These resistors should be chosen such that 
the voltage range at AIN covers the full dynamic range (i.e., 
o V to 5 V) of the ADC. All resistors should be the same type 
and from the same manufacturer 
so that their temperature 
coef- 
ficients malch. 


Figure 10. AD7572A Bipolar Operation - Output Code 
is Offset Binary 
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Figure 11. Ideal Input/Output Transfer Characteristic for 
the Bipolar Circuit of Figure 10 


Figure 12. AD7572A Bipolar Operation - Output Code is 
Complementary Offset Binary 
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Figure 13. Ideal Input/Output Transfer Characteristic 
for the Bipolar Circuit of Figure 12 


OFFSET AND FULL-SCALE 
ERROR 
In most Digital Signal Processing (DSP) applications offset and 
full-scale error have little or no effect on system performance. 
A 
typical example is a digital filter, where an analog signal is quan- 
tized, digitally processed and recreated using a DAC. In these 
types of applications the offset error can be eliminated by ac 
coupling the recreated signal. Full-scale error effect is linear and 
does not cause problems as long as the input signal is within the 
full dynamic range of the ADC. An important parameter in 
DSP applications is Differential Nonlinearity and this is not 
affected by either offset or full-scale error. 


In measurement applications where absolute accuracy is 
required, offset and full-scale error can be adjusted to zero as in 
Figure 14. 
• 


Figure 14. AD7572A Bipolar Operation with Offset and 
Gain Error Adjust 


BIPOLAR OFFSET AND FULL-SCALE 
ERROR 
ADJUSTMENT 
The bipolar circuit of Figure 10 can be adjusted for offset and 
full-scale errors, by including two potentiometers 
RS and R6, as 
shown in Figure 14. Offset must be adjusted before full-scale 
error. This is achieved by applying an analog input of 0.61 mV 
(1/2 LSB) at VIN and adjusting RS until the ADC output code 
flickers between 1000ססooססoo and 1000ססoo 0001. 


For full-scale error adjustment, 
the analog input must be at 
2.49817 volts (i.e., FS/2 -3/2 LSBs or last transition point). 
Then R6 is adjusted until the ADC output code flickers between 
1111 1111 1110 and 1111 1111 1111. 


A similar offset and full-scale error adjustment procedure may 
be employed for Figure 12 by making RI and R2 variable. Off- 
set must again be adjusted before full scale error. This is 
achieved by applying an analog input of 0.61 mV at VIN and 
adjusting RI until the ADC output code flickers between 
0111 1111 1110 and 0111 1111 1111. 


For full-scale error adjustment, 
apply a signal source of 
2.49817 V at VIN and adjust R2 until the ADC output code 
flickers betweenססooססooססoo andססooססoo 000I. 


APPLICATION 
HINTS 
Wire wrap boards are not recommended for high resolution or 
high speed ND converters. To obtain the best performance 
from the AD7572A a printed circuit board is required. Layout 
for the printed circuit board should ensure that digital and ana- 
log signal lines are separated as much as possible. In particular, 
care should be taken not to run any digital track alongside an 
analog signal track or underneath 
the AD7572A. The analog 
input should be screened by AGND. 


A single point analog ground (STAR ground) separate from the 
logic system ground should be established at Pin 3 (AGND) or 
as close as possible to the AD7572A as shown in Figure 15. Pin 
12 (AD7572A DGND) and all other analog grounds should be 
connected to this single analog ground point. No other digital 
grounds should be connected to this analog ground point. Low 
impedance analog and digital power supply common returns are 
essential to low noise operation of the ADC and the foil width 
for these tracks should be as wide as possible. 


Noise: Input signal leads to AIN and signal return leads from 
AGND (Pin 3) should be kept as short as possible to minimize 
input noise coupling. In applications where this is not possible, 
a shielded cable between the signal source and the ADC is rec- 
ommended. 
Also, since any potential difference in grounds 


between the signal source and ADC appears as an error voltage 
in series with the input signal, attention should be paid to 
reducing the ground circuit impedances as much as possible. 


In applications where the AD7572A data outputs and control 
signals are connected to a continuously active microprocessor 
bus, it is possible to get LSB errors in conversion results. These 
errors are due to feedthrough from the microprocessor to the 
successive approximation 
comparator. 
The problem can be elim- 
inated by forcing the microprocessor into a WAIT state during 
conversion (see Slow Memory Mode interfacing), or by using 
three-state buffers to isolate the AD7572A data bus. 


TIMING 
AND CONTROL 
Conversion start and data read operations are controlled by three 
AD7572A digital inputs; HBEN, CS and RD. Figure 16 shows 
the logic structure associated with these inputs. The three sig- 
nals are internally gated so that a logic "0" is required on all 
three inputs to initiate a conversion. Once initiated it cannot be 
restarted until conversion is complete. Converter status is indi- 
cated by the BUSY output, and this is low while conversion is 
in progress. 


ENABLE THREE-STATE OUTPUTS 
011 ... 
00fS ::: OBl1 ... 
DBO 


ENABLE THREE-STATE OUTPUTS 
011 
08::: 
DBl1 
. DBa 
07 
04::: LOW 
0311' 
... 
0018 '" OBl1 
.. DBB 


Figure 16. Internal Logic for Control Inputs CS, RD and 
HBEN 


There are two modes of operation as outlined by the timing dia- 
grams of Figures 17 to 20. Slow Memory Mode is designed for 
microprocessors which can be driven into aWAIT 
state, a 
READ operation brings CS and RD low which initiates a con- 
version and data is read when conversion is complete. The sec- 
ond is the ROM Mode which does not require microprocessor 
WAIT states, a READ operation brings CS and RD low which 
initiates a conversion and reads the previous conversion result. 


DATA FORMAT 
The output data format can either be a complete parallel load 
(DBll 
... 
DBO) for 16-bit microprocessors or a two byte load 
for 8-bit microprocessors. 
Data is always right justified (i.e., 
LSB is the most right-hand bit in a 16-bit word). For a two byte 
read, only data outputs D7 ... 
DO/8 are used. Byte selection is 


governed by the HBEN input which controls an internal digital 
multiplexer. This multiplexes the 12-bits of conversion data onto 
the lower D7 ... 
DO/8 outputs (4 MSBs or 8 LSBs) where it 
can be read in two read cycles. The 4 MSBs always appear on 
D 11 ... 
D8 whenever the three-state output drivers are turned 
on. 


SLOW MEMORY 
MODE, 
PARALLEL 
READ (HBEN = 
LOW) 
Figure 17 and Table I show the timing diagram and data bus 
status for Slow Memory Mode, Parallel Read. CS and RD going 
low triggers a conversion and the AD7572A acknowledges by 
taking BUSY low. Data from the previous conversion appears 
on the three state data outputs. BUSY returns high at the end of 
conversion when the output latches have been updated and the 
conversion result is placed on data outputs Dll 
... 
DO/8. 


SLOW MEMORY 
MODE, 
TWO BYTE READ 
For a two byte read only 8 data outputs D7 ... 
DO/8 are used. 
Conversion start procedure and data output status for the first 
read operation is identical to Slow Memory Mode, Parallel 
Read. See Figure 18 timing diagram and Table II data bus sta- 
tus. At the end of conversion the low data byte (DB7 ... 
DBO) 


is read from the ADC. A second READ operation, with HBEN 
high, places the high byte on data outputs D3/11 ... 
DO/8 and 
disables conversion start. Note the 4MSBs appear on data out- 
puts Dll 
... 
D8 during the two READ operations above. 
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AD7S72A Data Outputs 
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AD7S72A Data Outputs 
D7 
D6 
DS 
D4 
03/11 
D2/10 
01/9 
DO/8 


First Read 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DBI 
DBO 


Second Read 
LOW 
LOW 
LOW 
LOW 
DB 11 
DBIO 
DB9 
DB8 


ROM MODE, 
PARALLEL 
READ (HBEN = LOW) 
The ROM Mode avoids placing a microprocessor into a wait 
state. A conversion is started with a READ operation, and the 
12-bits of data from the previous conversion are available on 
data outputs D11 ... 
DO/8 (see Figure 19 and Table III). This 
data may be disregarded if not required. A second READ opera- 
tion reads the new data (DB11 ... 
DBO) and starts another 
conversion. A delay at least as long as the AD7572A conversion 
time must be allowed between READ operations. 


ROM MODE, 
TWO BYTE READ 
As previously mentioned for a two byte read, only data outputs 
D7 ... 
DO/S are used. Conversion is started in the normal way 


with a READ operation and the data output status is the same 
as the ROM Mode, Parallel Read. See Figure 20 timing dia- 
gram and Table IV data bus status. Two more READ opera- 
tions are required to access the new conversion result. A delay 
equal to the AD7572A conversion time must be allowed be- 
tween conversion start and the second data READ operation. 
The second READ operation, with HBEN high, disables con- 
version start and places the high byte (4 MSBs) on data outputs 
D3/11 ... 
DO/8. A third READ operation accesses the low data 
byte (DB7 ... 
DBO) and starts another conversion. The 4MSBs 
appear on data outputs D 11 ... 
D8 during all three read opera- 
tions above. 


AD7572A Data Outputs 
D11 
010 
D9 
D8 
D7 
D6 
D5 
D4 
D31ll 
02/10 
DI/9 
DO/8 


First Read (Old Data) 
DBll 
DBlO 
DB9 
DB8 
DB7 
DB6 
DBS 
DB4 
DB3 
DB2 
DBI 
DBO 


Second Read 
DB II 
DBlO 
DB9 
DB8 
DB7 
DB6 
DBS 
DB4 
DB3 
DB2 
DBI 
DBO 


HBEN 
~ 


AD7572A Data Outputs 
D7 
D6 
D5 
D4 
D31ll 
D2110 
0119 
DO/8 


First Read (Old Data) 
DB7 
DB6 
DBS 
DB4 
DB3 
DB2 
DBI 
DBO 


Second Read 
LOW 
LOW 
LOW 
LOW 
DB II 
DBlO 
DB9 
DB8 


Third Read 
DB7 
DB6 
DBS 
DB4 
DB3 
DB2 
DBI 
DBO 


MICROPROCESSOR 
INTERFACING 
The AD7S72A is designed to interface with microprocessors as a 
memory mapped device. The CS and RD control inputs are 
common to all peripheral memory interfacing. The HBEN input 
serves as a data byte select for 8-bit processors and is normally 
connected to the microprocessor address bus. 


the AD7S72A is located at address COOO,then the following sin- 
gle l6-bit MOVE instruction both starts a conversion and reads 
the conversion result. 


MC68000 Microprocessor 
Figure 21 shows a typical interface for the 68000. The 
AD7S72A is operating in the Slow Memory Mode. Assuming 


Move.W $COoo,DO 


At the beginning of the instruction cycle when the ADC address 
is selected, BUSY and CS assert DTACK, 
so that the 68000 is 
forced into a WAIT state. At the end of conversion BUSY 
returns high and the conversion result is placed in the DO regis- 
ter of the •.•.P. 


A' 


AS 


MC68000 
AD7572A* 


CS 


BUSY 


RJW 
AD 


011 
011 


DO 


8085A, Z80 MICROPROCESSOR 
Figure 22 shows an AD7572A interface for the Z80 and 8085A. 
The AD7572A is operating in the Slow Memory Mode and a 
two byte read is required. Not shown in the figure is the 8-bit 
latch required to demultiplex the 8085A common address/data 
bus. AOis used to assert HBEN, so that an even address 
(HBEN = LOW) to the AD7572A will start a conversion and 
read the low data byte. An odd address (HBEN = HIGH) will 
read the high data byte. This is accomplished with the single 
16-bit LOAD instruction below. 


For the 8085A 
For the Z80 
LHLD (BOOO) 


LD HL, (BOOO) 


This is a two byte read instruction which loads the ADC data 
(address BOOO)into the HL register pair. During the first read 
operation, BUSY forces the microprocessor to WAIT for the 
AD7572A conversion. No WAIT states are inserted during the 
second read operation when the microprocessor is reading the 
high data byte. 


A1S 


ADDRESS 
BUS 


AO 


MREQ 
HBEN 


AD7572A* 


280 
808SA 
cs 


WAIT 
BUSY 


AD 
AD 


07 
07 


DATA 
BUS 


DO 
OOJ8 


TMS32010 MICROCOMPUTER 
Figure 23 shows an AD7572A-TMS32010 interface. The 
AD7572A is operating in the ROM Mode. The interface is 
designed for a maximum TMS32010 clock frequency of 18 MHz 
but will typically work over the full TMS32010 clock frequency 
range. 


The AD7572A is mapped at a port address. The following VO 
instruction starts a conversion and reads the previous conversion 
result into data memory. 
• 


When conversion is complete, a second VO instruction reads the 
up-to-date data into data memory and starts another conversion. 
A delay at least as long as the ADC conversion time must be 
allowed between VO instructions. 


AD7572A-AD585 
SAMPLE-HOLD 
INTERFACE 
Figure 24 shows an AD585 sample-hold amplifier driving the 
AIN input of the AD7572A. The interface contains resistors RI, 
R2, R3 and R4 to allow a bipolar input signal range of ±2.5 
volts. The maximum sampling frequency is 166 kHz for the 
AD7572AXX03 (3 fLS conversion) and 77 kHz for the 
AD7572AXXIO (10 fLS conversion). This includes the sample- 
hold amplifier acquisition time (3 fLS). 


""Y"" 


When an AD7572A conversion is initiated, the converter BUSY 
output goes low indicating conversion is in progress. The falling 
edge of this BUSY output signal places the sample-hold ampli- 
fier into the HOLD mode "freezing" 
the input signal to the 
AD7572A. When conversion is finished, the BUSY output 


returns HIGH allowing the sample-hold to track the input sig- 
nal. To achieve the maximum sampling rate, the AD7572A out- 
put data must be read within 3 ILsimmediately after conversion 
while the sample-hold amplifier is acquiring the next sample. 


11IIIIIIII ANALOG 
WDEVICES 
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FEATURES 
8-Bit 
Resolution 
No Missed Codes over Full Temperature 
Range 
Fast Conversion 
Time: 15~s 
Interfaces 
to ~P like RAM, 
ROM 
or Slow - Memory 


Low Power Dissipation: 
30mW 
Ratiometric 
Capability 
Single +5V 
Supply 
Low Cost 


Internal 
Comparator 
and Clock Oscillator 


GENERAL DESCRIPTION 
AD7574 is a low-cost, 8-bit ~P compatible 
ADC which uses 
the successive-approximations 
technique 
to provide a con- 
version time of 15~. 


Designed to be operated 
as a memory mapped input device, 
the AD7574 
can be interfaced 
like static RAM, ROM, or slow 
memory. 
Its CS (decoded 
device address) and RD 
(READIWRITE 
control) 
inputs are available in all ~P memory 
systems. These two inputs control 
all ADC operations 
such as 
starting conversion 
or reading data. The ADC output 
data bits 
use three-state 
logic, allowing direct connection 
to the ~P data 
bus or system input port. 


Internal clock, +5V operation, 
on-board 
comparator 
and 
interface 
logic, as well as low power dissipation 
(30mW) and 
fast conversion time make the AD7574 ideal for most ADC/~P 
interface applications. 
Small size (I8-pin 
DIP) and monolithic 
reliability 
will find wide use in avionics, instrumentation, 
and 
process automation 
applications. 


Differential 
Temperature 
Nonlinearity 
Package 
Model 
Range 
(LSB) 
Option· 


AD7574JN 
O°Cto +70°C 
±7/8 max 
N-24 
AD7574KN 
O°Cto +70°C 
±3/4 max 
N-24 
AD7574AQ 
- 25°C to + 85°C 
±7/8 max 
Q-24 
AD7574BQ 
- 25°C to + 85°C 
±3/4 max 
Q-24 
AD7574SQ 
- 55°C to + 125°C 
±7/8 max 
Q-24 
AD7574TQ 
- 55°C to + 125°C 
±3/4 max 
Q-24 


CMOS 
fJ-P-Compatible 
a-Bit ADC 


AD7574 
I 
• 


AD7574-SPECIFICATIONS 


Limits 


Parameter 
T. = +2S"C 
Tmi., 
Tm_ 
I 
Units 
Conditions/Comments 


ACCURACY 
Resolution 
8 
8 
Bits 


Relative 
Accuracy 
Error 
], A, S Versions 
~3/4 
~3/4 
LSB max 
Relative 
Accuracy 
and Differential 
Nonlinearity 
arc measured 


K, B, T Versions 
~l/2 
~l/2 
LSB max 
dynamically using the external clock circuit of Figure 7b. 


Differential Nonlinearity 
Clock frequency is 500kHz (conversion time IS,,"s). 


J, A, S Versions 
~7/8 
~7/8 
LSB max 


K, B, T Versions 
~3/4 
~3/4 
LSB max 
Full Scale Error (Gain Error) 
Full Scale Erro~ is measured after calibrating out offset error. See 
J, A, S Versions 
~S 
~6.S 
LSB max 
Figure 8a and associated calibration procedure for offset. Max Full 


K, B, T Versions 
~3 
~4.S 
LSB max 
Scale change 
from +250C to T miD or T m.u: is ~2LSB. 
Offset Error' 


1, A, S Versions 
~60 
~80 
mVmax 
Maximum 
Offset change 
from 
+25°C 
to 
TOlin 
or T max is :!:20mV. 


K, B, T Versions 
~30 
~SO 
mVroax 
Mismatch Between BoFS (Pin 3) 
and AIN(Pin 4) Resistances' 
~I.S 
~I.S 
%max 


ANALOG INPUTS 
Input 
Resistance 
At VREF(Pin 2) 
5/10/15 
5/10/15 
kfi minltyplmax 
At BoFS (Pin 3) 
10120/30 
10120/30 
kfi minltyplmax 
At A1N(Pin 4) 
10120130 
10120/30 
ill minltyplmax 
VREF(for Specified Performance) 
-10 
-10 
V 
::!:5%for specified 
transfer 
accuracy. 


VREF Range" 
-Sto 
-15 
-Sto 
-15 
V 
Degraded Iransfer accuracy. 
Nominal Analog Input Range 
Unipolar Mode 
o to +IVREFI 
V 
Bipolar Mode 
-IV REFlto + IVREFI 
V 


LOGIC INPUTL 
RD (Pin 15), CS (Pin 16) 


VINHLogic HIGH Input Voltage 
+3.0 
+3.0 
Vmin 
VINLLogic LOW input Voltage 
+0.8 
+0.8 
Vmax 
1m Input 
Current 
I 
10 
!-LAmax 
V1N = OV, Voo 
elN Input CapacitanceS 
5 
5 
pFmax 
CLK (Pin 17) 


V1NHLogic HIGH Input Voltage 
+3.0 
+3.0 
V min 
V1NLLogic LOW Input Voltage 
+0.4 
+0.4 
V max 
IINHLogic HIGH Input Current 
+2 
+2 
mAmax 
During 
Conversion: 
V IN(CLK) 
2: V INH(CLK) 


IINL 
Logic 
LOW Input Current 
I 
10 
,,"Amax 
During 
Conversion 
V1N(CLK) s V1NL(CLK) 


(see circuit 
of Figure 
7b if external 
clock 
operation 
is required). 


LOGIC OUTPUTS 
BUSY (Pin 14), DB, to DB. (Pins 6-13) 


VOHOutput HIGH Voltage 
+4.0 
+4.0 
Vmin 
'SOURCE = 40~ 
VOLOutput LOW Voltage 
+0.4 
+0.8 
Vmax 
ISINK = 1.6mA 
ILKGDB, to DB. Floating Stage Leakage 
I 
10 
j.LAmax 
VOlJT = OV or Voo 
Floating State Output Capacitance 


(DB, to DB.)' 
7 
7 
pF max 
Output Code 
Unipolar Binary, Offset Binary 
See Figures 8a, 9a, lOa, and 8b, 9b, lOb. 


POWER REQUIREMENTS 
VDD 
+51 
+5 
V 
~S% for specified performance. 


100 (STANDBY) 
5 
5 
mAmax 
A1N= OV, ADC in RESET condition. 
IREF 
VREFdivided by Skfi 
max 
Conversion 
complete, 
prior to RESET. 


NOTES 
lTemperature 
ranges as follows: J, K, Versions, 
O°C to +70°C; A, B Versions, 
-25°C 
to +85OC; S, T Versions; 
-55°C 
to + 125°C. 


2Typica1 offset temperature 
coefficient 
is ±150iJoVrC. 


3RBOFSIRAIN mismatch 
causes transfer function 
rotation aboUi positive Full Scale. The effect is an offset and a gain tenn when using the circuit of Figure 9a. 
4Typica1 value, not guaranteed or subject to test. 
sGuaranteed but not tested. 


Specifications 
subject to change without 
notice. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are Zener protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


Limit at 
Limit at 
Limit at 
Symbol 
Specification 
TA = +2S'C 
TA = T •••• 
TA = Tm~ 
Conditions 


STATIC RAM INTERFAC!LMODE 
(See Figure I and Table I) 


lcs 
CS Pul~ Width Requirement 
lOOnsmin 
150ns min 
ISOnsmin 
twses 
BP to CS Setup Time 
Omin 
Omin 
Omin 


tCBPD 
CS to BUSY Propagation Delay 
90ns typ 
70ns typ 
ISOnstyp 
-- 
120DSmax 
120ns max 
180ns max 
BUSY Load = 20pF 


120ns type 
lOOnstyp 
180ns typ 
-- 
150ns max 
150ns max 
200ns max 
BUSY Load ~ lOOpF 
-- 
- 
o min 
o min 
Omin 
tBSR. 
BUSY to BP Setup Time 
toses 
BUSY to CS Setup Time 
o min 
o min 
Omin 
tRAO 
Data Access Time 
120ns typ 
lOOnstyp 
180ns typ 
DBo-DB, Load = lOOpF 
150ns max 
150ns max 
220ns max 


240ns typ 
220ns typ 
300DStyp 
DBo-DB, Load = lOOpF 
3000s Max 
300ns max 
400ns max 
tRHO 
Data Hold Time 
80ns typ 
40ns typ 
120ns typ 


sOns min 
30ns min 
80ns min 
- 
- 
l20ns max 
80ns max 
180ns max 
tRHCS 
CS to RD Hold Time 
250ns max 
200 ns max 
500ns max 
••••n 
Reset Time Requirement 
3",s min 
3",s min 
31J.Smin 


t:eONVERT 
Conversion Time 
Using Internal Clock Oscillator 
See Trical 
Data of Figure 7a 
teONVERT 
Conversion Time 
151J.S 
I 
15",s 
fcLK = 500kHz 
Using External Clock 
151J.S 
Circuit of Figure 7b 


ROM INTERFACE 
MODE (See Figure 2 and Table II) 
I 
I 
tRAO 
Data Access Time 
Same as RAM Mode 
tRHO 
Data Hold TiI!!L.- 
Same as RAM Mode 


tWBPD 
RD HIGH to BUSY 
400ns typ 
I 
350ns typ 
I 
I",s typ 
-- 
~tionDelay 
UJ.Ls 
1.0",s__ 
2.0",s 
BUSY Load = 20 pF 


tBSR 
BUSY to RD LOW Setup Time 
RD can go LOW prior to BUSY = HIGH, but must not 
return HIGH until = BUSY HIGH. See Table II. 
!coNVERT 
Conversion Time 
See Typical data of Figure 7a. Add 2",s to 
Using Internal Clock Oscillator 
data shown in Figure 7a for ROM Mode 


SLOW - MEMORY INTE~ACE 
MODE (See Figure 3 and Table III) 


lcspo 
CS to BUSY Propagation Delay 
Same as RAM Mode 
'..s£T 
Reset Time Requirement 
Same as RAM Mode 
tRAQ 
Data Access Time 
Same as RAM Mode 
tRHO 
Data Hold Time 
Same as RAM Mode 
!cONVERT 
Conversion Time 
Same as RAM Mode 


ABSOLUTE 
MAXIMUM 
RATINGS· 
Voo to A"ND 
OV, +7.0V 
Industrial 
(A, B Versions) 
-25'C 
to +g5'C 
VDD to DGND 
OV, +7.0V 
Extended 
(S, T Versions) 
-55'C 
to +150'C 
A"ND to DGND 
-O.3V, 
VElD 
Storage Temperature 
Range 
-65OC to + 15O'C 
Digital input Voltage to DGND (pins IS and 16) 
-O.3V, 
+ IS.OV 
Lead Temperature 
(soldering, 
10 sees) 
+300OCV 
Digital Output 
Voltage to DGND (pins 6-14) 
-O.3V, 
VDD 
Power Dissipation 
(Package) 
CLK Input Voltage (Pin 17) toDGND 
-O.3V, 
VDD 
Plastic (SuffIx N) 
VREF (Pin 2) 
±20V 
to +70'C 
670mW 
VOOFS (Pin 3) 
±20V 
Derate above +70OC by 
8.3mWf'C 
VAIN (Pin 4) 
±20V 
Cerdip (SuffIx Q) 


Operating 
Temperature 
Range 
to + 7SOC 
4SOmW 
Commercial 0, K Versions) 
O'C to +70'C 
Derate above +7S'C by 
6mWf'C 


·Stresses above those listed under" Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional operation 
at or above this specification is not implied. Exposure to above maximum rating conditions for extended periods may affect device reliability. 


TERMINOLOGY 
RESOLUTION: 
Resolution 
is a measure 
of the nominal 
analog 
change 
required 
for a I-bit 
change 
in the NO converter's 
digital 
outplit. 
While 
normally 
expressed 
in a number 
of bits, 
the analog 
resolution 
of an n-bit 
unipolar 
NO converter 
is (rn) VREP)' 


Thus, 
the AD7574, 
an 8-bit NO converter, 
can resolve 
analog 
voltages 
as small 
as (1/256) 
(VREP) when 
operated 
in a unipolar 
mode. 
When 
operated 
in a bipolar 
mode, 
the resolution 
is (1/128) 


(V REP)' 
Resolution 
does 
not imply 
accuracy. 
Usable resolution 
is 
limited 
by the differential 
nonlinearity 
of the NO converter. 


RELATIVE 
ACCURACY: 
Relative 
accuracy 
is the deviation 
of 
the ADC's 
actual 
code 
transition 
points 
from 
a straight 
line 


drawn 
between 
the devices' 
measured 
zero 
and measured 
full 
scale transition 
points. 
Relative 
accuracy, 
therefore, 
is a measure 
of code position. 


DIFFERENTIAL 
NONLINEARITY: 
Differential 
nonlinearity 
in an ADC 
is a measure 
of the size of an anIog 
voltage 
range 
associated 
with 
any digitial 
output 
code. 
As such, 
differential 
nonlinearity 
specifies 
code 
width 
(usable 
resolution). 
An ADC 
with 
a specified 
differential 
nonlinearity 
of :':n bits 
will exhibit 
codes 
ranging 
in width 
from 
ILSB 
-n 
LSB 
to ILSB 
+n 
LSB. 


A specified 
differential 
nonlinearity 
of less than 
:': ILSB 
guaran- 
tees no-missing-codes 
operation. 


• 


ments for AD7S74 operation as a static RAM. 


A convert start is initiated by executing a memory WRITE 
instruction to the address location occupied by the AD7S74 
(once conversion has started, subsequent memory WRITES 
have no effect). A data READ is performed 
by executing a 
memory READ instruction 
to the AD7S74 address location. 


BUSY must be HIGH before a data READ is attempted, 
i.e. 


the total delay between a convert start and a data READ must 
be at least as great as the AD7S74 conversion time. The delay 


sion complete), a data READ 
is performed 
by executing a 
memory READ instruction to the address location occupied 
by the AD7S74. The data readout is destructive, i.e. when RD 
returns HIGH, the converter is internally reset. 


The RAM interface mode uses distinctly different commands 
to start conversion (memory WRITE) or read the data (memory 
READ). This is in contrast to the ROM mode where a memory 
READ causes a data READ and a conversion restart. 


AD7574 
INPUTS 
AD7574 
OUTPUTS 


cs 
RD 
BUSV 
DB7· DBa 


AD7574 
OPERATION 


L 
H 
H 
HIGH 
Z 
WRITE 
CYCLE 
(START 
CONVERT) 


L 
.... 
H 
HIGH 
Z -+DATA 
READ CYCLE (DATA 
READ) 


L 
...r 
H 
DATA -+HIGIi 
Z 
RESET CONVERTER 


H 
X' 
X 
HIGH Z 
NOT SELECTED 


L 
H 
L 
HIGH 
Z 
NO EFFECT, CONVERTER 
BUSY 
L 
•... 
L 
HIGH 
Z 
NO EFFECT. CONVERTER 
BUSY 


L 
...r 
L 
HIGH 
Z 
NOT ALLOWED, 
CAUSES 


INCORRECT 
CONVERSION 


Note 1: 
If Rfigoes LOW~HIGHwhen 
CSis L~. 
the ADC is 
internally 
reset. AD has no effect 
while CS is HIGH. 


Seeapplication 
hint No.1. 


ROM INTERFACE MODE 
Table II and Figure 2 show the truth table and timing require- 
ments for interfacing the AD7S74 like Read Only Memory. 
ES is held LOW and converter operation is controlled by the 
RD input. The AD7S74 RD input is derived from the decoded 
device address. MEMRD should be used to enable the address 
decoder in 8080 systems. VMA should be used to enable the 
address decoder in 6800 systems. A data READ is initiated by 
executing a memory READ instruction 
to the AD7S74 address 
location. The converter is automatically 
restarted when RD 


returns HIGH. As in the RAM mode, attempting 
a data READ 
before BUSY is HIGH will result in incorrect data being read. 


The advantage of the ROM mode is its simplicity. The major 
disadvantage is that the data obtained 
is relatively poorly 
defined in time inasmuch as executing a data READ auto- 
matically starts a new conversion. This problem can be over- 
come by executing two READs separated by NO -OPS (or 
other program instructions) 
and using only the data obtained 
from the second READ. 


AD7574 
INPUTS 
AD7574 
OUTPUTS 


CS 
RD 
BUSY 
DB?· 
DBO 
AD7574 
OPERATION 


L 
.... 
H 
HIGH Z-OATA 
DATA 
READ 
L 
...r 
•... 
DATA 
-+ HIGH 
Z 
RESET AND 
START 
NEW CONVERSION 


L 
.... 
L 
HIGII 
Z 
NO EFFECT, 
CONVERTER 
BUSY 
L 
...r 
L 
HIGH Z 
NOT ALLOWED, 
CAUSES 
INCORRECT 
CONVERSION 


SLOW-MEMORY INTERFACE MODE 
Table III and Figure 3 show the truth table and timing require- 
ments for interfacing the AD7S74 as a slow-memory. 
This 
mode is intended for use with processors which can be forced 
into a WAIT state for at least l2j.ls (such as the 8080, 8085 
and SC/MP). 
The major advantage of this mode is that it 
allows the j.lPto start conversion, WAIT, and then READ data 
with a single READ instruction. 


In the slow - memory mode, CS and RD are tied together. lt is 
suggested that the system ALE signal (8085 system) or SYNC 
signal (8080 system) be used to latch the address. The decoded 


device address is subsequently 
used to drive the AD7S74 ES 
and RD inputs. BUSY is connected 
to the microprocessor 
READY input. 


When the AD7S74 is NOT addressed, the ES and RD inputs 
are HIGH. Conversion is initiated by executing a memory 
READ to the AD7S74 address. BUSY subsequently goes LOW 
(forcing the j.lPREADY input LOW) placing the j.lPin a WAlT 
state. When conversion is complete (BUSY is HIGH) the IlP 
completes the memory READ. 


Do not attempt 
to perform a memory WRITE in this mode, 
since three - state bus conflicts will arise. 


Figure 3. Slow 
Memory 
Mode 
Timing 
Diagram 
rcs and RD Tied 
Together) 


AD7574 
INPUTS 
A07574 
OUTPUTS 


CS & RO 
BUSV 
OB7' OBO 
A07574 
OPERATION 


H 
H 
HIGH 
Z 
NOT SELECTED 
"""L. 
H~L 
HICHZ 
START CONVERSION 


L 
L 
HIGH Z 
CONVERSION 
IN PROGRESS, 


JlP IN WAIT STATE 


L 
.J" 
HIGH Z4DATA 
CONVERSION 
COMPLETE, 


IJ,P READS 
DATA 


.J" 
H 
DATA -HIGH 
Z 
CONVERTER 
RESET 
AND DESELECTED 
'I 
H 
HIGII Z 
NOT SELECTED • 


BASIC CIRCUIT DESCRIPTION 
The AD7574 uses the successive approximations 
technique to 
provide an 8 - bit parallel digital output. The control logic was 
designed to provide easy interface to most microprocessors. 
Most applications require only passive clock components (R & 
C), a -IOV reference, and +5V power. 


Figure 4 shows the AD7574 functional ~ram. 
Upon receipt 
of a start command either via the CS or RD pins, BUSY goes 
low indicating conversion is in progress. Successive bits, 
starting with the most significant bit (MSB) are applied to 
the input of a DAC. The comparator determines whether the 
addition of each successive bit causes the DAC output to be 
greater than or less than the analog input, AIN. 
If the sum of 
the DAC bits is less than AIN, the trial bit is left ON, and the 
next smaller bit is tried. If the sum is greater than AIN, the 
trial bit is turned OFF and the next smaller bit is tried. 


Each successively smaller bit is tried and compared to AIN in 
this manner until the least significant bit (LSB) decision has 
been made. At this time BUSY goes HIGH (conversion is com- 
plete) indicating the successive approximation 
register contains 
a valid representation 
of the analog input. The RD control (see 
the previous page for details) can then be exercised to activate 
the three-state buffers, placing data on the DBo - DB7 data 
output pins. RD returning HIGH causes the clock oscillator to 
run for I cycle, providing an internal ADC reset (i.e. the SAR 
is loaded with code 10000000). 


DAC CIRCUIT DETAILS 
The current weighting D/A converter is a precision multiplying 
DAC. Figure 5 shows the functional diagram of the DAC as 
used in the AD7574. It consists of a precision Silicon Chrom- 
ium thin film RI2R ladder network and 8 N - channel MOS- 
FET switches operated in single - pole - double - throw. 


The currents in each 2R shunt arm are binarily weighted, i.e. 
the current in the MSB arm is VREF divided by 2R, in the 
second arm is VREF divided by 4R, etc. Depending on the 
DAC logic input (AID 
output) 
from the successive approx- 
imation register, the current in the individual shunt arms is 
steered either to AGND or to the comparator 
summing point. 


OPERATING 
THE AD7574 


APPLICATION 
HINTS 
I. TIMING& CONTROL 
In the AD7574 when a conversion is finished the fresh data 
must be read before a new conversion can be started. 
Failure to observe the timing restrictions of Figures 11 2 or 3 may 
cause the AD7574 to change interface modes. For example, in the 
RAM mode, holding CS LOWtoo long after RD goes HIGH will 
cause a new convert start (i.e. the converter moved into the ROM 
mode). 


2. LOGICDEGLITCHINGIN uP APPLICATIONS 
Unspecified states on the address bus (due to different 
rise and fall 
times on the address bus) can cause glitches at the AD7574 CS or 
RD terminals. 
These glitches can cause unwanted 
convert starts, 


reads, or resets. The best way to avoid glitches is to gate the address 
decoding logic with RD or WR (8080) or VMA(6800) when in the 
ROMor RAMmode. Whenin the slow-memory mode, the ALE 
(8085) or SYNC(8080) signalshould be used to latch the address. 


3. INPUT LOADINGAT VREF, AIN AND BOFS 
To prevent loading errors due to the finite input resistance at the 
VREF. AIN or BOFS pins. low impedance driving sources must be 
used (i.e. op amp buffers or low output - Z reference). 


4. RATIOMETRICOPERATION 
Ratiometric 
performance 
is inherent to AID converters such as the 
AD7S74 which use a multiplying 
DAC weighting network. 
However, 


the user should recognize that comparator 
limitations 
such as offset 
voltage, input noise and gain will cause degradation 
of the transfer 
characteristics 
when operating 
with reference voltages less than 
-JOVin magnitude. 


5. OFFSET CORRECTION 
Offset error in the transfer 
characteristic 
can be trimmed 
by off- 
setting the buffer amplifier which drives the AD7574 AlN pin (pin 
4). This can be done either by summing a cancellation 
current into 
the amplifier's 
summing junction, 
or by tapping a voltage divider 
which sits between VDD and VREF and applying the tap voltage to 
the amplifier's positive input (an example of a resistive tap offset 
adjust is shown in Figure lOa where Rg, R9 and RIO can be used to 
offset the ADC). 


6. ANALOGAND D1GrrAL GROUND 
It is recommended 
that AGND and DGND be connected 
locally to 
prevent t.he possibility 
of injecting noise into the AD7574. 
In 
systems where the AGND - DGND intertie 
is not local, connect 


back-to-back 
diodes (IN914 or equivalent) between the AD7574 
AGNDand DGNDpins. 


7. INITIALIZATIONAFTER POWER- UP 
Execute a memory 
READ to the AD7574 
address location, 
and 
subsequently 
ignore the data. The AD7574 is internally reset when 
reading out data, i.e. the data readout is destructive. 


CLOCK OSCILLATOR 
The AD7574 
has an internal 
asynchronous 
clock oscillator 
which starts upon receipr of a convert 
start command, 
and 
ceases oscillating when conversion 
is complete. 


The clock oscillator 
requires an external R and C as shown in 
Figure 6. Nominal conversion times ve~us RCLK and CCLK is 
shown in Figure 7a. The CUNeSshown in Figure 7a are applic- 
able when operating 
in the RAM or slow - memory 
interface 
modes. When operating 
in the ROM interface 
mode, add 2IJ.s 


to the typical conversion 
time values shown. 


The AD7574 
is guaranteed 
to provide 
transfer 
accuracy 
to 
published 
specifications 
for conversion 
times down to 151J.s, 


as indicated 
by the unshaded 
region of Figure 7a. Conversion 
times faster than 15IJ.scan cause transfer accuracy 
degradation. 


OPERATION 
WITH EXTERNAL 
CLOCK 
For applications 
requiring a conversion 
time close to or equal 
to 151J.s,an external 
clock is recommended. 
Using an external 


clock precludes the possibility 
of converting 
faster than 15IJ.s 
(which can cause transfer 
accuracy 
degradation) 
due to temp- 
erature 
drift - 
as may be the case when using the internal 


clock oscillator. 


Figure 7b shows how the external 
clock must be connected. 


The BUSY output 
of the AD7574 
is connected 
to the three- 
state enable input of a 74125 three-state 
buffer. R1 is used as 
a pullup, 
and can be between 
6kn 
and 100kn. 
A 500kHz 
clock will provide a conversion 
time of 151J.s. 


The external 
clock should be used only in the static - RAM or 
slow-memory 
interface 
mode, and not in the ROM mode. 


Timing constraints 
for external 
clock operation 
are as follows: 


STATIC RAM MODE 
1. When initiating 
a conversion, CS should go LOW on a pos- 
itive clock edge to provide optimum 
settling time for the 
MSB. 


2. A data READ can be initiated 
any time after BUSY = 1. 


SLOW-MEMORY MODE 
1. When initiating 
a conversion, 
CS and RD should go LOW 


on a positive clock edge to provide optimum 
settling time 
for the MSB. 
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Figure 
la. 
Typical 
Conversion 
Time vs, Temperature 
For 
Different 
R CLK and CCLK 
(Applicable 
to RAM/and 
Slow- 


Memory 
Modes. For ROM 
Mode add 21JS to values shown) 


Figure 
lb. 
External 
Clock Operation 
(Static 
RAM 
and Slow-Memory 
Mode) 


Figures 8a and 8b show the analog circuit connections 
and 
typical transfer characteristic 
for unipolar 
operation. 
An 
A0584 is used as the -1 OYreference. 


Calibration is as follows: 


OFFSET 
Offset must be trimmed out in the signal conditioning 
cir- 
cuitry used to drive the signal input terminals shown in Figure 
8a. An example of an offset trim is shown in Figure lOa, 
where R8, R9 and RIO comprise a simple voltage tap which is 
applied to the amplifier's positive input. 


Figure 
8a. AD7574 
Unipolar 
(OV to +10V) 
Operation 
(Output 
Code is Straight 
Binary) 


fier used to drive R1 (i.e. +39.1mY at R1). 


2. While performing continuous conversions, adjust the offset 
potentiometer 
(described above) until OB7 - OBI are LOW 
and the LSB (OBO) flickers. 
GAIN (FULL SCALE) 
Offset adjustment must be performed before gain adjustment. 
1. Apply -9.961Y to the input of the buffer amplifier used to 
drive R1 (i.e. +9.961 Y at R1). 


2. While performing continuous conversions, adjust trim pot 
R2 until OB7 - OBI are HIGH and the LSB (OBO) flickers. • 


Figure 
8b. Nominal 
Transfer 
Characteristic 
For 
Unipolar 
Circuit 
of Figure 
Sa 


BIPOLAR (OFFSET BINARY) OPERATION 
Figures 9a and 9b illustrate the analog circuitry and transfer 
characteristic 
for bipolar operation. 
Output 
coding is offset 
binary. As in unipolar operation, offset correction can be per- 
formed at the buffer amplifier used to drive the signal input 
terminals of Figure 9a (Resistors R8' R9 and RIO in Figure 
lOa show how offset trim can be done at the buffer amplifier). 


Calibration is as follows: 
1. Adjust R6 and R7 for minimum 
resistance across the 
potentiometers. 


2. Apply +10.000Y to the buffer amplifier used to drive the 
signal input (i.e. -10.000Y 
at R6)' 


3. While performing continuous 
conversions, trim R6 or R7 
(whichever required) until OB7 - OBl are LOW and the LSB 
(OBO) flickers. 


Figuf119a. 
AD7574 
Bipolar 
(-10V 
to +10V) 
Operation 
(Output 
Code is Offset 
Binary) 


4. Apply OY to the buffer amplifier used to drive the signal 
inpu t terminals. 


5. Ooing continuous conversions, trim the offset circuit of the 
buffer amplifier until the AOC output code flickers 
between 01111111 
and 10000000. 


6. Apply +10.000Y to the input 
of the buffer amplifier 
(i.e. -10.000Y as applied to R6)' 


7. Ooing continuous conversions, trim R2 until OB7 - OBI are 


LOW and the LSB (OBO) flickers. 


8. Apply -9.922Y to the input of the buffer amplifier (i.e. 
+9.922Y at the input side of R6)' 


9. If the AOC output code is not 11111110 ±1 bit, repeat the 
calibration procedure. 


Figuf11 9b. Nominal 
Transfer 
Characteristic 
Around 
Major 
Carry 
for Bipolar 
Circuit 
of Figuf11 9a 


BINARY) OPERATION 
Figure lOa shows 
the analog connections 
for complementary 
offset binary operation. 
The typical transfer characteristic 
is 
shown in Figure lOb. In this bipolar mode, the AOC is fooled 
into believing it is operated 
in a unipolar 
mode - i.e. the +10Y 
to -IOY analog input is conditioned 
into a 0 to +IOY signal 
range. R2 is the gain adjust, while R9 is the offset adjust. 


Calibration 
is as follows (adjust offset before gain), 


OFFSET 
1. Apply OV to the analog input shown in Figure lOa. 


Notes: 
1. 
Rl 
and R2 can be omitted 
if gain trim 
is not required 
2. 
AS, Rg and R10 
can be omitted 
if offset 
trim 
is not required 
3. 
RsliRsliRlo 
= 5kn. 
If RS, Rg and Rl0 not used, make RS = 5kn 


Figure 
1Ga. AD7574 
Bipolar 
Operation 
(-10V 
to +10V) 
(Output 
Code is Complementary 
Offset 
Binary) 


2. While performing 
continuous 
conversions, 
adjust R9 until 
the converter 
output 
flickers between 
codes 01111111 
and 
10000000. 


GAIN (FULL SCALE) 
1. Apply -9.922V 
across the analog input terminals 
shown in 
Figure lOa. 


2. While performing 
continuous 
conversions, 
adjust R2 until 
OB7 - OBI are HIGH and the LSB (OBO) flickers between 
HIGH and LOW. 


Figure 
10b. Nominal 
Transfer 
Characteristic 
Around 
Major 
Carry 
for Bipolar 
Circuit 
of Figure 
10a 


~ANALOG 
WDEVICES 


I 


FEATURES 
Fast Conversion Time: 5",s 
On-Chip Track/Hold 
Low Total Unadjusted Error: 1LSB 
Full Power Signal Bandwidth: 50kHz 
Single + 5V Supply 
100ns Data Access Time 
Low Power (15mW typl 
Low Cost 
Standard 18-Pin DIPs or 20-Terminal 
Surface Mount Packages 


GENERAL DESCRIPTION 
The AD7575 is a high-speed 8-bit ADC with a built-in track/hold 
function. The successive approximation 
conversion technique is 
used to achieve a fast conversion time of 5•.•.s, while the built-in 
track/hold allows full-scale signals up to 50kHz (386mV/ •.•.s slew 
rate) to be digitized. The AD7575 requires only a single + 5V 
supply and a low-cost, 1.23V bandgap reference in order to 
convert an input signal range of 0 to 2VREF• 


The AD7575 is designed for easy interfacing to all popular 8-bit 
microprocessors using standard microprocessor control signals 
(CS and RD) to control starting of the conversion and reading 
of the data. The interface logic allows the AD7575 to be easily 
configured as a memory mapped device and the part can be 
interfaced as SLOW-MEMORY 
or ROM. All data outputs of 
the AD7575 are latched and three-state buffered to allow direct 
connection to a microprocessor 
data bus or I/O port. 


The AD7575 is fabricated in an advanced, all ion-implanted 
high speed Linear Compatible CMOS (LC2MOS) process and is 
available in a small, 0.3" wide, 18-pin DIP or in 20-terminal 
surface mount packages. 


LC2MOS 


5JJ.S a-Bit ADC with Track/Hold 


AD7575 
I 
• 


PRODUCT 
HIGHLIGHTS 
I. Fast Conversion Time/Low Power 
The fast, 5•.•.s conversion time of the AD7575 makes it suitable 
for digitizing wideband signals at audio and ultrasonic fre- 
quencies, while retaining the advantage of low CMOS power 
consumption. 
2. On-Chip Track/Hold 
The on-chip track/hold function is completely self-contained 
and requires no external hold capacitor. Signals with slew 
rates up to 386mV/ •.•.s (e.g., 2.46V peak-to-peak 
50kHz sine 
waves) can be digitized with full accuracy. 


3. Low Total Unadjusted 
Error 
The zero, full-scale and linearity errors of the AD7575 are so 
low that the total unadjusted error at any point on the transfer 
function is less than ILSB and offset and gain adjustments 
are not required. 
4. Single Supply Operation 
Operation from a single + 5V supply with a low-cost + 1.23V 
bandgap reference allows the AD7575 to be used in 5V 
microprocessor 
systems without any additional power 
supplies. 
5. Fast Digital Interface 
Fast interface timing allows the AD7575 to interface easily to 
the fast versions of most popular microprocessors 
such as the 
Z80H, 8085A-2, 6502B, 68B09 and the DSP processor, the 
TMS32010. 


AD7575 
SPECIFICATIONS(VDD = +5V. VREF = +1.23V. 
AGND = DGND = OV;fell( = 4MHz external; 
- 
All specifications Tmi. to Tmal unless otherwise specified) 


Parameter 
J, A Versions1 
KJBVenioDs 
SVersioD 
TVenion 
Units 
ConditionlliComments 


ACCURACY 
Resolution 
8 
8 
Bits 


Total 
Unadjusted 
Error 
±2 
±I 
±2 
±I 
LSBmax 


Relative 
Accuracy 
±I 
±'h 
±I 
±'h 
LSBmax 


Minimum 
Resolution 
for which 
No MissiDg Codes 
is Guaranteed 
Bitsmax 


Full Scale Error 
25"<: 
±I 
±I 
±I 
±I 
LSBmax 
Full Scale TC is typically 
Sppml"C 


TmintoTmu 
±I 
±I 
±I 
±I 
LSBmax 


Offset 
Error' 


25"<: 
±'h 
±Y2 
±Ih 
±'h 
LSBmax 
Offset 
TC is typically 
5ppmI"C 


TmintoTmu 
:till 
±Ih 
::t1l2 
±Vl 
LSBmax 


ANALOG 
INPUT 


Voltage 
Rauge 
Oto2VREF 
Oto2VREF 
Oto2VREF 
Oto2VREF 
Volts 
ILSB = 2V REP'256; 
See Figure 
16 


DC Input 
Impedance 
10 
10 
10 
10 
MfimiD 


Slew Rate, 
TrackiDg 
0.386 
0.386 
0.386 
0.386 
VI ••.•max 


SNR' 
45 
45 
45 
45 
dBmin 
VIN~2.46Vp-p@ 
IOkHz;SecFigure 
11 


REFERENCE 
INPUT 


VREF(For 
specified 
Performance) 
1.23 
1.23 
1.23 
1.23 
Volts 
±5% 


IREF 
500 
500 
500 
500 
!LAmax 


LOGIC 
INPUTS 
CS,RD 
V INLJ Input 
Low Voltage 
0.8 
0.8 
0.8 
0.8 
Vmax 


V1NH, Input 
High Voltage 
2.4 
2.4 
2.4 
2.4 
V miD 


[IN, Input 
Current 


25"<: 
±I 
±I 
±I 
±I 
!LAmax 
V1N=OorVOo 
Tmin to Tmax 
±IO 
±10 
±10 
±10 
~Amax 
V1N=OorVOo 
C1W, Input 
Capacitance3 
10 
10 
10 
10 
pFmax 


CLK 


V1NLJ Input Low Voltage 
0.8 
0.8 
0.8 
0.8 
Vmax 
V1NH, Input 
High 
Voltage 
2.4 
2.4 
2.4 
2.4 
V miD 


[INLJ Input 
Low Current 
700 
700 
800 
800 
~Amax 
V1NL=OV 


IINH, Input 
High Current 
700 
700 
800 
800 
~Amax 
V1NH=Voo 


LOGIC 
OUTPUTS 
BUSY,DBOtoDB7 


VOL' Output 
Low Voltage 
0.4 
0.4 
0.4 
0.4 
Vmax 
IS1NK = 1.6mA 
VOH' Output 
High Voltage 
4.0 
4.0 
4.0 
4.0 
V miD 
IsoURCE~40~A 
DBOtoDB7 
Floating 
State Leakage 
Current 
±I 
±I 
±10 
±10 
~Amax 
VOUT=OtoVoo 


Floating 
State Output 
Capacitance3 
10 
10 
10 
10 
pFmax 


CONVERSION 
TIME' 
With 
External 
Clock 
5 
5 
5 
5 
.... 
fCLK~4MHz 
With 
Internal 
Clock, 
T A ~ 25°C 
5 
5 
5 
5 
~smin 
Using 
recommended 
clock 
15 
IS 
15 
IS 
jJ.smax 
components 
shown 
in Figure 
IS. 


POWER 
REQUIREMENTS' 


Voo 
+5 
+5 
+5 
+5 
Volts 
± SOlo for Specified 
Performance 


100 
6 
6 
7 
7 
mAmax 
Typically 
3mA with Voo 
= + 5V 


Power 
Dissipation 
15 
IS 
15 
15 
mWtyp 
Power 
Supply 
Rejection 
::!:'/4 
±v. 
±l/. 
±v. 
LSBmax 
4.75VsVoosS.25V 


NOTES 
'Temperature 
Ranges are as foUows: 


I. K Versions; 0 to + 7rrc 
A, B Versions; - 25"C to + 85"C 
S, T Versions; - 55"C to + 125"<: 


20ffset error is measured with respect to an ideal flrst code transition which occurs at 1I2LSB, 
lSample tested It 25"C to ensure compliance. 
·Accurac:y may degrade at conversion times other than those specified, 
sPower supply current is measured when AD7575 is inactive i.e. when CS ='RD ='BUSY=' IOSicHIGH. 
Specifications subject to chans:e without notice. 


TIMING SPECIFICATIONS1 
(Voo= +5V, vlIEr= 
+l13V, 
AGND=DGND=OVl 


Limit at + 25'C 
Limit at T mia, T mas 
Limit at T mia, T mas 
Parameter 
(All Versions) 
U,K,A,BVersions) 
(S, TVersions) 
Units 
Conditions/Comments 


tl 
0 
0 
0 
nsmin 
CS to RD Setup Time 
t2 
100 
100 
120 
nsmax 
RD to BUSY Propagation Delay 
tl 
100 
100 
120 
nsmax 
Data Access Time after RD • 


~ 
100 
100 
120 
nsmin 
RD Pulse Width 
ts 
0 
0 
0 
nsmin 
CS to RD Hold Time 
1,;2 
80 
80 
100 
nsmax 
Data Access Time after BUSY 
ti 
10 
10 
10 
nsmin 
Data Hold Time 
80 
80 
100 
nsmax 
ts 
0 
0 
0 
nsmin 
BUSY to CS Delay 


NOTES 
'Timing Specifications are sample tested at +2S·C to ensure compliance. All input control signals are specified with tr=tf=2Ons 
(10% to 90% of +SV) 


and timed from a voltage level of 1.6V. 
't,and •• are measured with the load circuits of Figure I and defmed as the time required for an oUlputto 
cross O.gV or 2.4V. 
't, is defmed as the time required for the data lines to change O.SVwhen loaded with the circuits of Figure 2. 


Specifications 
subject 
to change 
without 
notice. 


ABSOLUTE 
MAXIMUM 
RATINGS· 
VDD toAGND 
. 


VDD to DGND 
. 
AGND to DGND 
. . . . . . . . 
Digital Input Voltage to DGND 
Digital Output Voltage to DGND 
CLK Input Voltage to DGND 
VREF to AGND 
. 


AIN to AGND 
. 
Operating Temperature 
Range 
Commercial (1, K Versions) 
Industrial (A, B Versions) 
Extended (S, T Versions) 
.. 


-O.3V, 
+7V 
-0.3V, 
+7V 
-0.3V, 
VDD 
-0.3V, 
VDD +0.3V 
-O.3V, 
VDD +0.3V 
-0.3V, 
VDD +0.3V 
-O.3V,VDD 
-O.3V,VDD 


o to +70°C 
- 25°C to + 85°C 
- 55°C to + 125'C 


. 
+JV3k!1 


DBN 
DBN~ 


~ 
10pF 


~GND~ 
~DGND 


Storage Temperature 
Range . . . . . . . . . 


Lead Temperature 
(Soldering, 
10sec) . . . . 
Power Dissipation (Any Package) to + 75'C 
Derates above + 75°C by 
. . . . . . . . . . 


-65°C 
to + 150'C 
+300'C 
450mW 
6mWrC 


·Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the device. 
This 
is a stress 
rating only 
and functional 
operation 
of the device 
at these or any other conditions 
above 
those 
indicated 
in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 


CAUTION 
ESD (electrostatic 
discharge) 
sensitive device. 
The digital control 
inputs 
are diode protect- 
ed; however, 
permanent 
damage may occur on unconnected 
devices subject to high energy 


electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


LCCC 
PLCC 


~ I~ 1t3 
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1ii1 
1t3 
u 
8 
Ii 
z 
> 
> 
3 
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3 
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086 
7 
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Relative 
Temperature 
Accuracy 
Package 
Modell 
Range 
(LSB) 
Options' 


AD7575JN 
Oto +70oe 
±Imax 
N-18 
AD7575KN 
Oto +70oe 
± 1/2max 
N-18 
AD7575JP 
Oto + 700e 
±lmax 
P-20A 
AD7575KP 
Oto + 700e 
± 1/2max 
P-20A 
AD7575AQ 
- 25°e to + 85°e 
±Imax 
Q-18 
AD7575BQ 
- 25°e to + 85°e 
± 1/2max 
Q-18 
AD7575SQ 
- 55°e to + 125°e 
±Imax 
Q-18 
AD7575TQ 
- 55°e to + 125°e 
± 1/2max 
Q-18 
AD7575SE 
- 55°e to + 125°e 
±Imax 
E-20A 
AD7575TE 
- 55°e to + 125°e 
± 1/2max 
E-20A 


NOTES 
ITo order MIL-STD-883, 
Class B process parts, add /883B to part 
number. Contact local sales office for military data sheet. For U.S. 
Standard Military Drawing (SMD), see DESC drawing #5%2-87762. 
2E ~ Leadless Ceramic Chip Carrier; N = Plastic DIP; P ~ Plastic 
Leaded Chip Carrier; Q ~ Cerdip. For outline information see Package 
Information section. 


TERMINOLOGY 
LEAST 
SIGNIFICANT 
BIT (LSB) 
An ADC with 8-bits resolution can resolve 1 part in 28 (i.e., 
256) of full scale. For the AD7575 with + 2.46V full scale one 
LSB is 9.6ImV. 


TOTAL 
UNADJUSTED 
ERROR 
This is a comprehensive 
specification which includes full scale 
error, relative accuracy and offset error. 


RELATIVE 
ACCURACY 
Relative Accuracy is the deviation of the ADC's actual code 
transition points from a straight line drawn between the devices 
measured first LSB transition point and the measured full scale 
transition point. 


SNR 
Signal-to-Noise Ratio (SNR) is the ratio of the desired signal to 
the noise produced in the sampled and digitized analog signal. 
SNR is dependent 
on the number of quantization 
levels used in 
the digitization process; the more levels, the smaller the quanti- 
zation noise. The theoretical SNR for a sine wave input is given 
by 
SNR = (6.02N + 1.76)dB 
where N is the number of bits in the ADC. 


FULL 
SCALE ERROR (GAIN ERROR) 
The gain of a unipolar ADC is defmed as the difference between 
the analog input levels required to produce the fIrst and the last 
digital output code transitions. 
Gain error is a measure of the 
deviation of the actual span from the ideal span of FS - 2LSB's. 


ANALOG 
INPUT 
RANGE 
With VREF= + 1.23V the maximum analog input voltage range 
is 0 to + 2.46V. The output data in LSB's is related to the 
analog input voltage by the integer value of the following 
expression: 


256 AIN 
Data (LSB's) 
= --- 
+0.5 
2VREF 


SLEW RATE 
Slew Rate is the mllIimum allowable rate of change of input 
signal such that the digital sample values are not in error. Slew 
Rate limitations may restrict the analog signal bandwidth 
for 
full-scale analog signals below the bandwidth 
allowed from 
sampling theorem considerations. 
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TIMING 
AND CONTROL 
OF THE AD7575 
The two logic inputs on the AD7575, es and RD, control both 
the starting of conversion and the reading of data from the pan. 
A conversion is initiated by bringing both these control inputs 
LOW. Two interface options then exist for reading the output 
data from the AD7575. These are the Slow Memory Interface 
and ROM Interface and their operation is outlined below. It 
should be noted that the TP pin of the AD7575 must be hardwired 
HIGH to ensure correct operation of the pan. This pin is used 
in testing the device and should not be used as a feedthrough 
pin in double-sided printed circuit boards. 


SLOW MEMORY 
INTERFACE 
The first interface option is intended for use with microprocessors 
which can be forced into a WAIT STATE for at least 5.,.s (such 
as the 8085A). The microprocessor 
starts a conversion and is 
halted until the result of the conversion is read from the convener. 
Conversion is initiated by executing a memory READ to the 
AD7575 address bringing es and RD LOW. BUSY subsequently 
goes LOW (forcing the microprocessor 
READY input LOW) 
placing the processor into aWAIT 
state. The input signal, 


which had been tracked by the analog input, is held on the 
third falling clock edge of the input clock after es and RD have 
gone LOW (see Figure 12). The AD7575 then performs a con- 
version on this acquired input signal value. When the conversion 
is complete (BUSY goes HIGH), 
the processor completes the 
memory READ and acquires the newly-convened 
data. The 
timing diagram for this interface is shown in Figure 3. 


The major advantage of this interface is that it allows the micro- 
processor to start conversion, WAIT and then READ data with 
a single READ instruction. 
The fast conversion time of the 
AD7575 ensures that the microprocessor is not placed in a WAIT 
state for an excessive amount of time. 


Faster versions of many processors, including the 8085A-2, test 
the condition of the READY input very soon after the start of 
an instruction 
cycle. Therefore, 
BUSY of the AD7575 must go 
LOW very early in the cycle for the READY input to be effective 
in forcing the processor into a WAIT state. When using the 
8085A-2, the processor SOstatus signal provides the earliest 
possible indication that a READ operation is about to occur. 
Hence, SO(which is LOW for a READ cycle) provides the 
READ signal to the AD7575. The connection diagram for the 
AD7575 to 8085A-2 Slow-Memory interface is shown in 
Figure 4. 


ROM INTERFACE 
The alternative interface option on the AD7575 avoids placing 
the microprocessor 
into a WAIT state. In this interface, a con- 
version is started with the first READ instruction and the second 
READ instruction accesses the data and starts a second conversion. 
The timing diagram for this interface is shown in Figure 5. It is 
possible to avoid starting another conversion on the second 
READ (see below). 


Conversion is initiated by executing a memory READ instruction 
to the AD7575 address causing es and RD to go LOW. Data is 
also obtained from the AD7575 during this instruction. 
This is 
old data and may be disregarded 
if not required. 
BUSY goes 
LOW indicating that conversion is in progress and returns 
HIGH when conversion is complete. Once again the input signal 
is held on the third falling edge of the input clock after es and 
RD have gone LOW. 


The BUSY line may be used to generate an interrupt 
to the 
microprocessor 
or monitored to indicate that conversion is com- 


plete. The processor then reads the newly-convened 
data. Alter- 
natively, the delay between the conven start (first READ in- 
struction) and the data READ (second READ instruction) 
must 
be at least as great as the AD7575 conversion time. For the 
AD7575 to operate correctly in the ROM interface mode es 
and RD should not go LOW before BUSY returns HIGH. 


Normally, the second READ instruction starts another convenion 
as well as accessing the output data. However, ifeS 
and RD 
are brought LOW within one extental clock period of BUSY 
going HIGH then a second conversion does not occur. 
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Figures 6 and 7 show connection diagrams for interfacing the 
AD7575 in the ROM Interface mode. Figure 6 shows the AD7575 
interface to the 650216809 microprocessors 
while the connection 
diagram for interfacing to the Z-80 is shown in Figure 7. 


As a result of its very fast interface timing the AD7575 can also 
be interfaced to the DSP processor, the TMS32010. The AD7575 
will interface (within specifications) to the TMS32010 running 
at up to 18MHz but will typically work over the full clock frequency 
range of the TMS32010. 
Figure 8 shows the connection diagram 
for this interface. The AD7575 is mapped at a port address. 
Conversion is initiated using an IN A, PA instruction 
where PA 


is the decoded port address for the AD7575. The conversion 
result is obtained from the part using a second IN A, PA instruction 
and the resultant data is placed in the TMS32010 accumulator. 


In many applications it is important 
that the signal sampling 
occurs at exactly equal intervals to minimize errors due to sampling 
uncertainty 
or jitter. The interfaces outlined previously require 
that for sampling at equi-distant 
intervals the user must count 
clock cycles or match software delays. This is especially difficult 
in interrupt driven systems where uncertainty in interrupt servicing 
delays would require that the AD7575 would have to have priority 
interrupt 
status and even then redundant 
software delays may 
be necessary to equalize loop delays. 


This problem can be overcome by using a real time clock to 
control the starting of conversion. This can be derived from the 
clock source used to drive the AD7575 eLK 
pin. Since the 
sampling instant occurs three clock cycles after es and RD go 
LOW then the input signal sampling intervals are equi-distant. 
The resultant data is placed in a FIFO latch which can be accessed 
by the microprocessor 
at its own rate whenever it requires the 
data. This ensures that data is not READ from the AD7575 
during a conversion. If a data READ is performed during a 
conversion, valid data from the previous conversion will be 
accessed but the conversion in progress may be interfered with 
and an incorrect result is likely. 


If es and RD go LOW within 20ns of a falling clock edge the 
AD7575 mayor 
may not see that falling edge as the fmt of the 
three falling clock edges to the sampling instant. In this case the 
sampling instant could vary by one clock period. If it is important 
to know the exact sampling instant, es and RD should not go 
LOW within 20ns of a falling clock edge. 


A SAMPLED-DATA 
INPUT 
The AD7575 makes use of a sampled-data comparator. 
The 
equivalent input circuit is shown in Figure 9. When a conversion 
stans, switch SI is closed and the equivalent input capacitance 
is charged to VIN' With a switch resistance of typically 500n 
and an input capacitance of typically 2pF the input time constant 
is Ins. Thus CIN becomes charged to within ± 1I4LSB in 6.9 
time constants or about 7ns. Since the AD7575 requires two 
input clock cycles (at a clock frequency of 4MHz) before going 
into the compare mode, there is ample time for the input voltage 
to settle before the first comparator decision is made. Increasing 
the source resistance increases the settling time required. 
Input 
bypass capacitors placed directly at the analog input act to average 
the input charging currents. The average current flowing through 
any source impedance can cause full-scale errors. 
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REFERENCE INPUT 
The reference input impedance on the AD7575 is code dependent 
and varies by a ratio of approximately 
3-to-l over the digital 
code range. The typical resistance range is from 6kn to 18kn. 
As a result of the code dependent 
input impedance, 
the VREF 
input must be driven from a low impedance source. Figure 10 
shows how an AD589 can be confJgured to produce a nominal 
reference voltage of + 1.23V. 
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AD589 


TRACK-AND-HOLD 
The on-ehip track-and-hold 
on the AD7575 means that input 
signals with slew rates up to 386mV/,,"S can be convened without 
error. This corresponds 
to an input signal bandwidth 
of 50kHz 
for a 2.46V peak-to-peak 
sine wave. Figure 11 shows a typical 
plot of signal-to-noise ratio versus input frequency, over the 
input bandwidth 
of the AD7575. The SNR figures are generated 
using a 200kHz sampling frequency and the reconstructed 
sine 
wave passes through a filter with a cutoff frequency of 50kHz. 


The improvement in the SNR figures seen at the higher frequencies 
is due to the sharp cut -off of the filter (50kHz, 8th order Chebyshev) 
used in the test circuit. 
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The input signal is held on the third falling edge of the input 
clock after CS and RD go LOW. This is indicated in Figure 12 
for the Slow Memory Interface. In between conversions the 
input signal is tracked by the AD7575 track-and-hold. 
Since the 
sampled signal is held on a small, on-ehip capacitor it is advis- 
able that the data bus be kept as quiet as possible during a 
conversion. 
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Figure 
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Figure 
12b. Track-and-Hold 
(Slow 
Memory 
Interface) 
with 
Internal 
Clock 


INTERNAlJEXTERNAL 
CLOCK 
The AD7575 can be used with either its own internal clock or 
with an externally applied clock. In either case, the clock signal 
appearing at the CLK pin is divided internally by two to provide 
an internal clock signal for the AD7575. A single conversion 
lasts for 20 input clock cycles (10 internal clock cycles). 


INTERNAL 
CLOCK 
Qock pulses are generated by the action of the external capacitor 
(CeLie) charging through an external resistor (RcuU and dis- 
charging through an internal switch. When a conversion is 
complete, the internal clock stops operating. 
In addition to 
conversion, the internal clock also controls the automatic internal 
reset of the SAR. This reset occurs at the start of each conversion 
cycle during the first internal clock pulse. 


Nominal conversion times versus temperature 
for the recom- 
mended Rcuc: and Ccuc combination 
are shown in Figure 13. 
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Figure 13. Typical Conversion Times vs. Temperature 
Using Internal Clock 


The internal clock is useful in that it provides a convenient 
clock source for the AD7575. Due to process variations, the 
actual operating frequency for this RcLlclCcLK combination can 
vary from device to device by up to ± 50%. For this reason it is 
recommended 
that an external clock be used in the following 
situations; 


1. Applications 
requiring a conversion time which is within 
50% of 5j.LS,the minimum conversion time for specified 
accuracy. A clock frequency of 4MHz at the CLK pin gives 
a conversion time of 5j.LS. 


2. Applications where time related software constraints cannot 
accommodate 
time differences which may occur due to unit 
to unit clock frequency variations or temperature. 


EXTERNAL 
CLOCK 
The CLK input of the AD7575 may be driven directly from 
74HC, 4000B series buffers (such as 4049) or from LS TIL 
with a 5.6kn 
pull-up resistor. When conversion is complete, the 
internal clock is disabled even if the external clock is still applied. 
This means that the external clock can continue to run between 
conversions without being disabled. The mark/space ratio of the 
external clock can vary from 70/30 to 30nO. 


The AD7575 is specified for operation at a 5j.LSconversion rate 
with a 4MHz input clock frequency. 
If the part is operated at 
slower clock frequencies, 
it may result in slightly degraded 
accuracy performance 
from the part. This is a result of leakage 
effects on the hold capacitor. Figure 14 shows a typical plot of 
accuracy versus conversion time for the AD7575. 
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UnipolarlBipolar 
Considerations - AD7575 


UNIPOLAR 
OPERATION 
The basic operation for the AD7575 is in the unipolar single 
supply mode. Figure 15 shows the circuit connections to achieve 
this while the nominal transfer characteristic for unipolar operation 
is given in Figure 16. Since the offset and full-scale errors on 
the AD7575 are very small, in many cases it will not be necessary 
to adjust out these errors. If calibration is required the procedure 
is as follows: 


Offset Adjust 
Offset error adjustment in single-supply systems is easily achievable 
by means of the offset null facility of an op-amp when used as a 
voltage follower for the analog input signal, AIN. The op-amp 
chosen should be able to operate from a single supply and allow 
a common-mode 
input voltage range that includes OV (e.g., 
TLC271). To adjust for zero offset the input signal source is set 
to +4.8mV 
(i.e., 1/2LSB) while the op-amp offset is varied 
until the ADC output code flickers between 000 . . . 00 and 
000 ... 
01. 


Full Scale Adjust 
The full scale or gain adjustment 
is made by forcing the analog 
input AIN to +2.445V 
(i.e., Full-Scale Voltage -3/2LSB). 


The magnitude of the reference voltage is then adjusted until 
the ADC output code flickers between III 
. . . 10 and 
111 ... 
11. 
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Figure 
16. Nominal 
Transfer 
Characteristic 
for 
Unipolar 
Operation 


BIPOLAR 
OPERATION 
The circuit of Figure 17 shows how the AD7575 can be configured 
for bipolar operation. 
The output code provided by the AD7575 
is offset binary. The analog input voltage range is ± 5V, although 
the voltage appearing at the AIN pin of the AD7575 is in the 
range OV to + 2.46V. Figure 18 shows the transfer function for 
bipolar operation. The LSB size is now 39.06mV. Calibration of 
the bipolar operation is outlined below. Once again, because the 
errors are small it may not be necessary to adjust them. To 
maintain specified performance without the calibration all resistors 
should be 0.1% tolerance with R4 and R5 replaced by one 3.3kO 
resistor and R2 and R3 replaced by one 25kO 
resistor. 


Offset Adjust 
Offset error adjustment 
is achieved by applying an analog input 


voltage of -4.9805V 
(- FS + 1/2LSB). Resistor R3 is then 
adjusted until the output code flickers between 000 ... 
00 and 
000 ... 
01. 


Full Scale Adjust 
Full scale or gain adjustment 
is made by applying an analog 
input voltage of +4.9414V 
(+FS 
- 312LSB). Resistor R4 is 
then adjusted until the output code flickers between III 
... 
10 
and III 
... 
II. 
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Figure 
18. Nominal 
Transfer 
Characteristic 
for 
Bipolar 
Operation 


APPUCATION 
IUNTS 
1. NOISE: 
Both the input signal lead to AIN, and the signal 
return lead from AGND should be kept as short as possible 
to minimize input-noise 
coupling. In applications where this 
is not possible, either a shielded cable or a twisted pair trans- 
mission line between source and ADC is recommended. 
Also, since any potential difference in grounds between the 
signal source and ADC appears as an error voltage in series 
with the input signal, attention should be paid to reducing 
the ground circuit impedance as much as possible. In general, 
the source resistance should be kept below 21dl. Larger 
values of source resistance can cause undesired system noise 
pickup. 


2. PROPER 
LAYOUT: 
Layout for a printed circuit board 
should ensure that digital and analog lines are kept separated 
as much as possible. In particular, 
care should be taken not 
to run any digital track alongside an analog signal track. 
Both the analog input and the reference input should be 
screened by AGND. 
A single point analog ground which is 
separate from the logic system ground should be established 
at or near the AD7575. This single point analog ground 
subsystem should be connected to the digital system ground 
by a single-track connection only. Any reference bypass 
capacitors, analog input filter capacitors or input signal shield- 
ing should be returned 
to the analog ground point. 


AD7S7S WITH ADS89 REFERENCE 
The AD7575 8-bit AID converter features a total unadjusted 
error specification over its entire operating temperature 
range. 
This total unadjusted error includes all errors in the AID converter 
- offset, full scale and linearity. The one feature not provided 
on the AD7575 is a voltage reference. This section discusses the 
use of the AD589 bandgap reference with the AD7575 and gives 
the combined reference and ADC error budget over the full 
operating temperature 
range. This allows the user to compare 
the combined AD589/ AD7575 errors to ADCs whose specifications 
include on-chip references. 


Two distinct application areas exist. The first is where the reference 
voltage and the analog input voltage are derived from the same 
source. In other words, if the reference voltage varies, the analog 
input voltage range varies by a ratioed amount. 
In this case the 
user is not worried about the absolute value of the reference 
voltage. The second case is where changes in the reference 
voltage are not matched by changes in the analog input voltage 
range. Here, the absolute value of the reference voltage and its 
drift over temperature 
are of prime importance. 
Both applications 
are discussed below. 


If the analog input range varies with the reference voltage then 
the part is said to be operating ratiometrically. 
This is represen- 
tative of many applications. 
If the reference is on-chip and the 
user does not have access to it then it is not possible to get 
ratiometric operation. Since the AD7575 uses an external reference, 
it can be used in ratiometric applications. 
However, because the 
part is specified with a reference of + 1.23V ±5% then the 
voltage range for ratiometric operation is limited. 


The error analysis over temperature 
of ratiometric applications 
is different from nonratiometric 
ones. Since the reference and 
analog input voltage range are ratioed to each other, temperature 
variations in the reference are matched by variations in the 
analog input range. Therefore, 
the AD589 contributes 
no addi- 
tional errors over temperature 
to the system errors and the 
combined total unadjusted 
error specification for the AD589 
and AD7575 is as per the total unadjusted 
error specification in 
this data sheet. 


With nonratiometric 
applications, 
however, the analog input 
range stays the same if the reference varies and a full-scale error 
is introduced. 
The amount which the reference varies determines 
the amount of error introduced. 
The AD589 is graded on tem- 


perature coefficient and therefore selection of different grades 
allows the user to tailor the amount of error introduced 
to suit 
the system requirements. 
The reference voltage from the AD589 
can lie between 1.2V and 1.25V. This reference voltage can be 
adjusted for the desired full-scale voltage range using the circuit 
outlined in Figure 19. For example, if an analog input voltage 
range of 0 to + 2.46V is required, the reference should be adjusted 
to + 1.23V. Once the reference is adjusted to the desired value 
at 25°C the total error is as per the total unadjusted error specifica- 
tion on the AD7575 specification pages. (To reduce this even 
further, 
offset and full-scale errors of the AD7575 can be adjusted 
out using the calibration procedure outlined in this data sheet.) 


However, it is as the temperature 
varies from 25°C that the 
AD589 starts to introduce errors. The typical temperature 
char- 
acteristics of the AD589 are shown in Figure 20. The temperature 
coefficients (T.C.'s) 
represent the slopes of the diagonals of the 
error band from + 25°C to T miD and + 25°C to T."... The AD589 
T.C. is specified in ppml"C max and is offered in four different 
grades. 


The effect which the T.C. has on the system error is that it 
introduces a full-scale error in the ADC. This in turn affects the 
total unadjusted 
error specification. 
For example, using the 
AD589KH 
with a 50ppmrc 
max T.C. the change in reference 
voltage from 250C to 700C is going to be from 1.23V to 1.22724V, 
a change of -2.76mV. 
This results in a change in the full-scale 
range of the ADC of - 5.52mV, since the full-scale range on the 
AD7575 is 2VREF• Since the LSB size for the AD7575 is 9.61mV 
this means that the AD589 introduces an additional full-scale 
error of - 0.5 7LSBs on top of the existing full-scale error specifica- 
tion for the ADC. Since the total unadjusted 
error specification 
for the ADC includes the full-scale error, there is also a corres- 
ponding increase in the total unadjusted 
error of - 0.57LSBs. 
The change in reference voltage at O°Cis -1.5mV, 
resulting in 
a full-scale change of -3mV 
or -0.31LSBs 
worth of full-scale 
error. Table I shows the amount of additional total unadjusted 
error which is introduced 
by the temperature 
variation of the 
AD589, for different grades and for different temperature 
ranges. 
This table only applies to nonratiometric 
applications since the 
temperature 
variation of the reference does not affect the system 
error in ratiometric applications as outlined earlier. It shows the 
amount of error introduced 
over T min to T""", for a system in 
which the reference has been adjusted to the desired value at 
25OC.The final or right-most column of the table gives the total 
combined error for the AD589 and the top grade AD7575. 


Taking the 25°C measurement 
as the starting point, the full-scale 
error introduced 
is always in the negative direction whether the 
temperature 
goes to T min or T"""'. This can be seen from the 
AD589 temperature 
characteristic 
shown in Figure 20. If the 
reference voltage is adjusted for 1.23V at 45°C (for the 0 to 
+ 70"C range) and 75°C (for the - 55°C to + 1250C range) the 
magnitude of the error introduced is reduced since it is distributed 
in both the positive and negative directions. 
Alternatively, 
this 
can be achieved, not by adjusting at these temperatures 
which 
would be impractical, 
but by adjusting the reference to 1.231V 
• 
instead of 1.23V (for the extended temperature 
range) at 25OC. 


This has the required effect of distributing 
the plot of Figure 20 
more evenly about the desired value. 


An additional error source is the mismatch between the temper- 
ature coefficients (T.C.'s) 
of the 10kO and lkO resistors in the 
feedback loop of the TLC271. If these resistors have ±50ppmrc 
absolute T .C.'s then the worst case difference in drift between 
both resistors is lOOppml"C. From + 250C to + 125°C this in- 
troduces a worst case shift of 1.22mV which results in an additional 
full-scale error of 0.25LSB. If ± 25ppml"C resistors are used, 
then the worst case error is O.13LSB. Over the 0 to +700C 
range the ± 5Oppml"C resistors introduce an additional full-scale 
error of O.llLSB. 
All these errors are worst case and assume 
that the resistance values drift in opposite directions. 
In practice 
resistors (,Ifthe same type and from the same manufacturer 
would drift in the same direction and hence the above error 
would be considerably 
reduced. An additional error source is 
the offset drift of the TLC271. 
This is only significant over the 
- 55°C to + l250C range and even in this case it contributes 
<O.lLSB 
worth of full-scale error. 


The error outlined in the right-hand 
column of Table I is a total 
unadjusted 
error specification excluding resistor and offset drift 
(the effect of these can be controlled by the user). It consists of 
errors from two error sources; a ± lLSB contribution 
from the 
AD7575 (including full-scale, offset and relative accuracy errors) 
and the remainder is a full-scale error introduced 
by the AD589. 
It is important 
to note that the variation of the AD589 voltage 
only introduces 
a full-scale error and that the relative accuracy 
(or endpoint nonlinearity) of the system, with a top grade AD7575, 
is still ± 1I2LSB (i.e. 8-bits accurate). 


AD589 
Grede 


AD589JH 
AD589KH 
AD589LH 
AD589MH 
AD589SH 
AD589TH 
AD589UH 


Tempereture 
Renge 
(OC) 


Oto + 70 
Oto + 70 
Oto + 70 
010 + 70 
-5510 
+ 125 
-55to 
+125 
- 5510 + 125 


Full·Scale Error Introduced 
by AD589@Tmo• 
(WorstCe •• 1 
(LSBs) 


-1.15 
-0.57 
-0.29 
-0.115 
-2.56 
-1.28 
-0.64 


Combined Worst ea•• 
AD589/AD7575 
T.U.E.@T •••• 
(LSBs) 


-2.15 
-1.57 
-1.29 
-1.115 
-3.56 
-2.28 
-1.64 


Table I. AD589/AD7575Errors 
over Temperature 
(Nonratiometric 
Applications) 
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WDEVICES 
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CMOS 
12-Bit Successive Approximation ADC 


AD7578 
I 


FEATURES 
12-Bit Successive Approximation 
ADC 
No Missed Codes Over Full Temperature Range 
Low Total Unadjusted Error :t: 1LSB max 
High Impedance Analog Input 
Autozero Cycle for Low Offset Voltage 
Low Power, 75mW typ 
Small Size: 0.3", 24-Pin Package 
Conversion Time of 100",s 


GENERAL 
DESCRIPTION 
The AD7578 is a medium speed, monolithic 
12-bit CMOS AID 
converter which uses the successive approximation 
technique to 
provide a conversion time of lOO••.s. An auto-zero cycle occurs 
at the start of each conversion resulting in very low system 
offset voltages, typically less than 100••.V. The device is designed 
for easy microprocessor interfacing using standard control signals; 
CS (decoded device address), RD (READ) and WR (WRITE). 


Conversion results are available in two bytes, 8LSBs and 4MSBs, 
over an 8-bit three state output bus. Either byte can be read 
first. Two converter busy flags are available to facilitate polling 
of the converter's 
status. 


The analog input voltage range is OV to + 5V when using a 
reference voltage of + 5V. 


• 


PRODUCT 
HIGHLIGHTS 
I. The AD7578 is a complete 12-bit AID converter in a 24-pin 
package requiring only a few passive components and a voltage 
reference. 


2. Autozero cycle realizes very low offset voltages, typically 
lOO••.V. 
3. Standard microprocessor control signals to allow easy inter- 


facing to most popular 8- and 16-bit microprocessors. 


4. Monolithic construction 
for increased reliability and small 
0.3", 24-pin package. 


.............. -~......- 


Resolution 
12 
12 
12 
Bits 
Total Unadjusted 
Error 
±I 
±I 
±I 
LSBmax 
Differential 
Nonlinearity 
±I 
±I 
±I 
LSBmax 
No missing codes guaranteed 
Full Scale Error (Gain Error) 
±1/4 
±1/4 
± 114 
LSBmax 
Full Scale TC is typically Ippmrc 


Offset Error 
± 114 
± 114 
± 1/4 
LSBmax 
Offset Error TC is typically Ippmrc 


ANALOG 
INPUT 
Analog Input Range 
Oto +5 
Oto +5 
Oto +5 
V 
VREF= +5.0V 


CAIN,Input Capacitance 
8 
8 
8 
pFtyp 
lAIN, Input Leakage Current 
AIN;Oto 
+5V 
+ 25°C 
10 
10 
10 
nAmax 
TmintoTmax 
100 
100 
100 
nAmax 


REFERENCE 
INPUT 


VREF(For Specified Performance) 
+5 
+5 
+5 
V 
±5% 


VREFRange 
+4to 
+6 
+4to 
+6 
+4to 
+6 
V 
Degraded transfer accuracy 
VREF Input Reference Current 
1.0 
1.0 
1.0 
mAmax 
VREF= +5.0V 


POWER SUPPLY REJECTION 


VooOnly 
± 118 
± 118 
± 118 
LSBtyp 
Voo= 
+ 14.25Vto 
+ 15.75V 


Vss= 
-5V 


VssOnly 
± 118 
± 118 
± 118 
LSBtyp 
Vss= 
-4.75Vto 
-5.25V 
Voo= 
+15V 


LOGIC INPUTS 


RD(Pin 
16), CS (Pin 17), WR(Pin 
18) 


BYSL(Pin 
19) 


V1LlnputLowVoltage 
+0.8 
+0.8 
+0.8 
Vmax 
Vce= 
+5V 
±5% 


VIH Input High Voltage 
+2.4 
+2.4 
+2.4 
Vmin 
11NInput Current 
+25°C 
±I 
±I 
±I 
IJ.Amax 
V1N=OtoVce 


Tmin to Tmax 
+10 
+10 
+10 
IJ.Amax 
CINInput Capacitance] 
10 
10 
10 
pFmax 


CLK(Pin21) 


V1L, Input Low Voltage 
+0.8 
+0.8 
+0.8 
Vmax 
Vce= 
+5V 
±5% 
V1H,Input High Voltage 
+3.0 
+3.0 
+3.0 
Vmin 
lib Input Low Current 
±IO 
±1O 
±1O 
IJ.Amax 
1m, Input High Current 
+ 1.5 
+1.5 
+ 1.5 
mAmax 


LOGIC OUTPUTS 
DB(}...DB7 (Pins 8-15), BUSY (Pin 20)' 
VOL' Output 
Low Voltage 
+0.4 
+0.4 
+0.4 
Vmax 
Vce= 
+5V ±5%,lsINK= 
1.6mA' 
VOH, Output High Voltage 
+4.0 
+4.0 
+4.0 
Vmin 
Vce= 
+5V 
±5%,lsoUReE=2oo~ 
Floating State Leakage Current 


(Pins 8-15) 
±I 
±I 
±I 
IJ.Amax 
VOUT=OVtoVce 


Floating State Output Capacitance 
IS 
IS 
15 
pFmax 


CONVERSION 
TIME' 


With External Clock 
100 
100 
100 
IJ.smin 
feLK = 140kHz 


With Internal Clock, T A = + 25°C 
100/150 
100/150 
100/150 
IJ.sminlmax 
Using recommended 
clock components 


as shown in Figure 6. 


POWER REQUIREMENTS· 


Voo 
+ 15 
+ 15 
+ 15 
VNOM 
± 5% for specified performance 
Vss 
-5 
-5 
-5 
VNOM 
± 5% for specified performance 


Vee 
+5 
+5 
+5 
V NOM 
± 5% for specified performance 
100 
7.5 
7.5 
7.5 
mAmax 
Typically4mAwith 
Voo= 
+ 15V 
Iss 
7.5 
7.5 
7.5 
mAmax 
Typically 3mA with Vss = - 5V 


Ice 
100 
100 
100 
~typ 
VIN=VILorVIH 
1.0 
1.0 
1.0 
mAmax 
Power Dissipation 
75 
75 
75 
mWtyp 
WR=RD= 
CS= BUSY= 
Logic HIGH 


NOTES 
ITemperature 
Range as follows: 
K Version; 0 to + 700C 
B Version; 
- 25°C to + 850C 
T Version; 
- 550C to + 1250C 


2Includes 
Full Scale Error, Offset Error and Relative Accuracy. 


3Sample tested to ensure compliance. 
4IsiNK for BUSY (pin 20) is 1.0milJiamp. 
'Conversion 
Time includes 
autoz.c:ro cycle: time. 
6Power supply current is measured 
when AD7578 
is inactive i.e .• WR = RD = CS = BUSY = Logic HIGH. 


Specifications 
subject to change without notice. 
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TIMING SPECIFICATIONS1 


Limit at + 2S'C 
Limit at T ••wn T ••••• 
Limit at T •••••••T ••••• 
Parameter 
(All Grades) 
(K & B Grades) 
(TGrade) 
Units 
Conditions/Comments 


tl 
0 
0 
0 
nsmin 
CS to WR Setup Time 
t2(1NTi 
200 
240 
280 
nsmin 
WR Pulse Width (Internal Clock Operation) 


t2(EXTi 
10 
10 
10 
ILsmin 
WR Pulse Width (External Clock Operation 
t3 
0 
0 
0 
nsrnin 
CS to WR Hold Time 
4 
130 
160 
200 
nstyp 
200 
250 
300 
nsmax 
WR to BUSY Propagation Delay 
ts 
0 
0 
0 
nsrnin 
BUSY to CS Setup Time 
~ 
0 
0 
0 
nsrnin 
CS to RD Setup Time 
t7 
200 
240 
280 
nsrnin 
RD Pulse Width 
ts 
0 
0 
0 
nsmin 
CS to RD Hold Time 
t9 
50 
50 
50 
nsrnin 
BYSL to RD Setup Time 
tlO 
0 
0 
0 
nsmin 
BYSL to RD Hold Time 
t1l3 
150 
180 
200 
nstyp 
200 
240 
280 
nsmax 
RD to Valid Data (Bus Access Time) 
t124 
20 
20 
20 
nsmin 
RD to Three State Output 
130 
160 
180 
nsmax 
(Bus Relinquish Time) 
• 


NOTES 
'Timing 
Specifications 
are sample 
tested 
at + 2SOC (0 ensure 
compliance. 
All input 
control 
signals 
are 
specified 
with I, = 'e = lOns (10% 10 90% of + 5V)and 
timed 
from a voltage 
level of + 1.6V. nata 
is timed 
from 


VOH) 
VOL' 
lWben 
using 
an external 
clock source 
the WR pulse width 
must be extended 
to provide 
the minimum 
autcrzero 
cycle time of 10 •.•.5. See "External 
Clock 
Operation 
It. 


'CI I is measured 
with the load circuits 
of Figure 
3 and defIned 
as the time required 
for an OUlput 
10 cross O.8V or l.4V. 
'I" 
is defmed 
as the time required 
for Ibedata 
lines 10 cbange 
O.5V wben 
loaded 
with the circuits 
of Figure 
4. 


Specifications 
subject 
to change 
without 
notice. 


DBNIT 
3. 
~ 
lOOpF 
DGND 


~3' 
DBN+ 


l00pF 
~DGND 


DBN~ 


~3'_~'OpF 


DGND 


5V 


~ 3. 
DBN+ 


lOpF 


~DGND 


ABSOLUTE 
MAXIMUM 
RATINGS· 
(TA = +2S"Cunlessotherwisestated) 


VDD to DGND 
. 
Vss to DGND 
.. 


AGND to DGND 
Va:; to DGND 
VREF to AGND 
. 
AIN toAGND 
. 


Digital Input Voltage to DGND 
(Pins 16-19,21) 
. 


Digital Output Voltage to DGND 
(Pins 8-15, 20) 
. 


. ... 
-O.3V, 
+17V 
+0.3V, 
-7V 
-O.3V, 
VREF 
+0.3V 
-O.3V, 
VDD 
+O.3V 
-O.3V, 
VDD +O.3V 
-O.3V, 
VDD 
+O.3V 


Operating Temperature 
Range 
Commercial (K Version) 
Industrial (B Version) . 
Extended (T Version) 
.. 


Storage Temperature 
... 


Lead Temperature 
(Soldering, 
10secs) 
Power Dissipation (Any Package) 


to + 75°C . . . . . . . . 
Derate above + 75°C by 


. .. 
0 to + 70°C 
- 25°C to + 85°C 
- 55°C to + 125°C 
-65°C 
to + 150°C 
. 
+300°C 


I,OOOmW 
10mW/oC 


·Stresses 
above those listed under "Absolute 
Maximum Ratings" 
may 


cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 
ESD (electrostatic 
discharge) 
sensItIve device. The digital control 
inputs 
are diode protect- 
ed; however, 
permanent 
damage may occur on unconnected 
devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


Total 
Unadjusted 
Temperature 
Error 
Package 
Modell, 
2 
Range 
TMIN-TMAX 
Option3 


AD7s78KN 
O°Cto + 70°C 
±ILSB 
N-24 
AD7s78BD 
- 25°C to + 85°C 
±ILSB 
D-24A 
AD7s78TD 
- 55°C to + 125°C 
± ILSB 
D-24A 


NOTES 


1AnalogDevicesreservesthe right to ship eitherceramic(D-24A)or cerdip 
(Q-24)hermeticpackages. 
2ToorderMIL-STD-883ClassB processedparts, add /883Bto part 
number.Contactlocalsalesofficefor militarydata sheet. 
3D = CeramicDIP; N = PlasticDIP. For outlineinformationseePackage 
Information section. 


D80IlSB) 
D., 


DB> 


PIN 
MNEMONIC 


1 
CAZ 


2 
AIN 


3 
N/C 


4 
VREF 


5 
AGND 


6 
DGND 


7 
Va:. 


8-15 


19 
BYSL 


20 
BUSY 


21 
CLK 


22 
N/C 


23 
Vss 


24 
VDD 


DESCRIPTION 


Autozero Capacitor Input. Connect other side of capacitor to AGND. 


Analog Input 


No Connect pin 


Voltage reference input. TheAD7578 
is specified with VREF= + 5.0V. 


Analog Ground 


Digital Ground 


Logic Supply. For Va:. = + 5V digital inputs and outputs are TTL compatible. 


Three state data outputs. They become active when CS & RD are brought low. Individual pin function 
is dependent upon the Byte Select (BYSL) input. 
• 


BYSL-IUGH 
BYSL=LOW 


Pin 8 
BUSyl 
DB7 


Pin 9 
LOW2 
DB6 


Pin 10 
LOW2 
DB5 


Pin 11 
LOW2 
DB4 


Pin 12 
DB 11(MSB) 
DB3 


Pin 13 
DB 10 
DB2 


Pin 14 
DB9 
DBI 


Pin 15 
DB8 
DBO(LSB) 


'BUSY (Pin 8) is. converter status lias and is HIGH during. convenion. 
'Pins 9-11 output. 
logic LOW when BYSL is HIGH. 


OB11-OBOaretheI2-bit 
convenion results, OBI I is the MSB. 


READ input. This active LOW signal, in combination with CS, is used to enable the output data three- 
state drivers. 


CHIP SELECT Input. Decoded device address, active LOW. Used in combination with either RD or 
WR for control. 


WRITE 
Input. This active LOW signal, in combination 
with CS, is used to start a new conversion. 


When the AD7578 internal clock is used, the minimum 
WR pulse width is t2 (INT). 
When an 
external clock source is used, the minimum 
WR pulse width must be extended to include the 
autozero cycle time. For external clock operation, 
the minimum 
WR pulse width is 12 (EXT). 


BYTE SELECT. 
This control input determines 
whether the high or low byte of data is placed on 
the output data bus during a data READ operation (CS & RD LOW). 
See description 
of pins 8- 


15. 


BUSY indicates converter status. BUSY is LOW during conversion, 
otherwise BUSY is held at a 
logic HIGH. 


CLOCK Input for internal/external 
clock operation. 


Internal: Connect RcLK and CcLKJ/CcLK2timing components. 
See Figure 6 and Figure 7. 


External: Connect external 74HC compatible clock source as shown in Figure 8. 


No connect pin. 


Negativesupply, 
- 5V. 


Positivesupply, 
+ l5V. 


AD7578 
Operatinglnfonnation 


OPERATIONAL 
DIAGRAM 
An operational diagram for the AD7578 is shown in Figure 5. 
The only passive components required are the autozero capacitor 
CAZ and timing components RcLK, CcLKl & CcLK2 for the 
internal clock oscillator. If the AD7578 is to be used with an 
external clock source, then only CAZ is required. Individual pin 
functions are described in detail on the previous page. 


CAZ 
2·2nF 


ANALOG 
INPUT} 
<}-j 
OTO +SV. 


AEFEAREOTO 
AGND 


INTERNAL 
CLOCK 
OPERATION 
The clock circuitry for internal clock operation is shown in 
Figure 6 and the AD7578 operating waveforms are shown in 
Figure 7. 


~ 


~F."" 


IN". x 2 
Ccua: 
....•..... 


OGND 


MINIMUM 


AUTOZEAO 
~ 
CVClETIME 
I 


AUTOZ£ROCYClE 
I I I I I I I I I I I I I~ 


DB11 0810 
OM 
Oil 
DB7 OBI 
085 
OM 
D83 
082 
DB1 010 
IMS81 
ILSII 


Between conversions (BUSY = HIGH) the AD7578 is in the 
autozero cycle. When WR goes LOW (with CS LOW) to start a 


new conversion, the autozero capacitor CAZ charges to AIN - 
Vos where Vos is the input offset voltage of the autozero 
comparator. 


A minimum time of 10JLsis required for this autozero cycle. In 
applications using the internal clock oscillator, it is not necessary 
for WR to remain LOW for this period of time since it is auto- 
matically provided by the AD7578. This is achieved by switching 
a constant current load across the clock capacitors, CcLKl and 
CcLK2, causing the voltage at the CLK input pin to slowly 
decay from Vcc. This occurs after WR returns HIGH. The 
Schmitt trigger circuit monitoring the voltage on the CLK input 
ends the autozero cycle when its LOW input trigger level is 
reached. At this point, the constant current load across the 
clock capacitors is removed allowing them to charge towards 
Vcc via RcLK. When the voltage at the CLK input reaches the 
HIGH trigger level, the constant current load is replaced across 
CcLKl and CcLK2. The MSB decision is made when the LOW 
trigger level is reached. This cycle repeats itself 12 times to 
provide 12 clock pulses for the conversion cycle. The circuit 
arrangement 
of Figure 6 provides the relatively slow autozero 
cycle time at the beginning of a conversion while allowing the 
clock oscillator to speed up once the autozero cycle is complete. 


EXTERNAL 
CLOCK 
OPERATION 
For external clock operation RcLK, CcLKl and Cct.K2 are discarded 
and the CLK input is driven from a 74HC compatible clock 
source. The mark/space ratio of the external clock can vary 
from 40/60 to 60/40. The AD7578 WR pulse width must now 
be extended to provide the minimum autozero cycle time of 
lOlLSsince this is no longer provided automatically by the AD7578. 
Referring to the operating waveforms of Figure 9, the minimum 
WR pulse width when using an external clock source is t2 (EXT). 
The CS input must now remain valid for the extended WR 
pulse width. One approach to stretching the available JLPsignals 
is shown in the general 8-bit JLPinterface circuit of Figure 20. 
It is not necessary to synchronize the external clock source with 
the extended WR pulse width, the MSB decision being made on 
the second falling edge of the clock input after the WR input 
rerurns HIGH. 


READING DATA 
The 12-bit conversion data plus a converter status flag are available 
over an 8-bit wide data bus. Data is transferred from the AD7S78 
in right-justified 
format (i.e., the LSB is the most right-hand 
bit 


in a 16-bit word). Two READ operations are required, 
the Byte 
Select (BYSL) input determining 
which byte-8 least significant 
bits or 4 most significant bits plus status flag-is to be read first. 


Since the AD7S78 uses the successive approximation 
register 
(SAR) to hold conversion results (refer to Functional 
Diagram), 
it is necessary to wait until a conversion is finished before reading 
valid 12-bit data. Executing a READ instruction (HIGH or 
LOW byte) to the AD7S78 while a conversion is in progress 
will place the existing contents of the SAR onto the data bus. 
Three different approaches can ensure valid 12-bit data is available 
for reading. 


I. Insert a software delay greater than the ADC conversion time 
between the conversion start instruction 
and the data read 
instructions. 


2. At user-defined intervals after a conversion start instruction, 
poll the internal converter status flag, BUSY. This signal is 
available on pin 8 during a HIGH byte READ instruction 
and is the most left-hand bit in a 16-bit right-justified 
word. 


The status bit can be shifted into a microprocessor's 
ac- 
cumulator-carry 
position for testing (BUSY is HIGH during 
conversion). 


3. Use the externally available BUSY (pin 20) signal as an interrupt 
to the microprocessor. 
This signal is LOW during a conversion 
and returns HIGH at conversion end. 


Executing a WRITE instruction to the AD7S78 while a conversion 
is in progress will restart the conversion. 


COMPONENT 
SELECTION 
1. Autozero Capacitor, CAZ 
The autozero capacitor must be a low leakage, low dielectric 
absorption type such as polystyrene, 
polypropylene 
or teflon. 


To minimize noise connect the outside foil of CAZ to AGND 
(pin 5), the analog system ground. CAZ should be 2,200pF. 


2. Clock Oscillator Components, 
RcLK, CCLKI and CcLK2 
Clock pulses are generated by the action of series connected 
capacitors, CcLKI and CcLK2 charging through an external 
• 
resistor RcLK and discharging through an internal switch. 
Nominal conversion time versus temperature 
for the recom- 
mended RcLK and CcLK1/CCLK2combination 
is shown in 
Figure 10. Due to process variations, the actual operating 
frequency for this RcLK and CCLK1/CcLK2combination 
can 
vary from device to device by up to 20%. For this reason, 
Analog Devices recommends using an external clock in the 
following situations: 


a. Applications requiring a conversion time which is within 
20% of 100f.Ls,the minimum conversion time for specified 
accuracy (a 140kHz clock frequency gives a l00f.Lscon- 
version time). 


b. Applications which cannot accommodate conversion time 
differences which may occur due to unit clock frequency 
variations or temperature 
variations. 


It is possible to replace the fixed RcLK resistor with a 
SOkpotentiometer 
in series with a fixed 22kfi resistor to 


allow individual adjustment 
of internal clock frequency in 
applications where l00f.Lsconversion times are required. 
Reducing the value of RcLK from S6k to 47k decreases 
the conversion time by typically ISf.Ls. 
,.. 
;. '50 
RCLIC=56k 
Ccun:E3.9nF 
, 
CClJ(Z:::560pF 
w~ ,.. 
z ". 
~ '2. 
Z 
0 ". 
" 
'00 


-55 
-25 
+25 
+5O 
+75 
+'00 
+125 


Figure 10. Typical Conversion Time vs. Temperature Using 
Internal Clock 


APPLYING 
THE AD7578 
The high input impedance of the analog input, AIN, allows 
simple analog interfacing. 
Zero to + 5V signal sources can be 
connected directly to the analog input without additional buffering 
for source impedances up to 5kO (see Figure II). The input/output 
transfer characteristic and transition points for this input signal 
range are shown in Figure 12 and Table I respectively. The 
designed transition points on the AD7578 transfer characteristic 
occur on integer multiples of ILSB. The output code is Natural 
Binary with ILSB = (F.S.) (114096) = (5/4096)V = 1.22mV. 
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Figure 12. Ideal Input/Output Transfer Characteristic for 
Unipolar Circuit of Figure 11 


Analog Input, Volts 
Digital Output 


0.00122 
000 001 


t.. 
0.00244 
000 010 
I 
2.49878 
I 


011 III I 


2.5סס OO 
100 000 
2.50122 
100001 
I4.99756 
I 


III 
110 
J 
III 
III 
4.99878 


Signal ranges other than 0 to + 5V are easily accommodated by 
using resistor divider networks to produce 0 to + 5V signal 
ranges at the AD7578 input pins. Figure 13 shows a divider 
network to allow an input signal range of 0 to + IOV. The input 
resistors must be selected to match within 0.01% and should be 
the same type and from the same manufacturer 
so that their 
temperature 
coefficients match. Note that since the source im· 
pedance has not been included in the resistor divider ratio, it 
must now be as low as possible. For Figure 13 with a source 
impedance of 0.50 the maximum error across the network is 
approximately 
O.5LSB. The LSB size is (F.S.)(1I4096) 
(10/4096)V = 2.44mV. 


Figure 13. Unipolar 0 to + 10VOperation 


Bipolar signal ranges of - 5V to + 5V are accommodated by 
referencing the resistor divider network to VREF as shown in 
Figure 14. With the resistor values shown, the signal source 
must be capable of sinking O.5mA. The input/output 
transfer 
characteristic 
and transition pOints for this ± 5V signal range are 
shown in Figure 15 and Table II respectively. The output code 
is Offset Binary with an LSB size of (F.S.)(1/4096) 
= (10/4096)V 
= 2.44mV. 


With an analog input (Vs) of -1.22mV, 
the input offset voltage 
of Al should be adjusted until the ADC output flickers between 
0111 1111 1111 and 1000 0000 0000. Alternatively the - 112LSB 
signal offset can be included in the signal conditioning 
electronics. 
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ANALOG 
INPUT. 
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CHANNEL 
Figure 15. Ideal Input/Output Transfer Characteristic for 
Bipolar Circuit of Figure 14 


Analog Input, Volts 
Digital Output 
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Power Supply Decoupq: 
All power llupplies to the AD7578 
should be bypassed with either IO•.•.F tantulum or electrolytic 
capacitors. To ensure good high frequency performance, each 
capacitor should be bypassed with an O.OI •.•.F disc ceramic 
capacitor. All capacitors should be placed as close as possible to 
the AD7578. 


Reference 
Circuit: 
Figure 16 shows how to configure an 
AD584LH 
to produce a reference voltage of 5.00V. R2 provides 


a typical adjustment 
range of :!:75mV. The AD584LH will 
contribute 
less than 1LSB of gain error over the commercial 
temperarure 
range. 


Transient 
currents flow at the VREF input during a conversion. 


To avoid dynamic errors place a O.OI •.•.F disc ceramic capacitor 
from the VREF pin to AGND. 


Proper Layout: 
Layout for a printed circuit board should ensure 
that digital and analog signa1lines are separated as much as 
possible. In particular, 
care should be taken not to run any 
digital track alongside an analog signal track or close to the 
autozcro capacitor. The analog inputs, the reference input and 
the autozcro input should be screened by AGND. 


A single point analog ground separate from the logic system 
ground should be established at pin 5 (AGND) or as close as 
possible to the AD7578. This single point analog ground should 
be connected to the digital system ground, to which pin 6 (DGND) 
• 
is connected, at one point only and as close to the AD7578 as 
possible. The autozcro capacitor, bypass capacitors for the refer- 
ence input and the analog supplies, AIN common and any input 
signal screening should be returned to the analog ground point. 
Low impedance analog and digital power supply common returns 
are essential to low noise operation of the ADC and the foil 
width for these tracks should be as wide as possible. 


Noise: 
Input signal leads to AIN and signal return leads from 
AGND (pin 5) should be kept as short as possible to minimize 
input noise coupling. In applications where this is not possible, 
a shielded cable between source and ADC is recommended. 
Also since any potential difference in grounds between the signa1 
source and ADC appean 
as an error voltage in series with the 
input signal, attention should be paid to reducing the ground 
circuit impedances as much as possible. 


In applications where the AD7578 data outputs are connected to 
a continuously busy (and noisy) microprocessor bus it is possible 
to get LSB errors in conversion results. These errors are due to 
feedthrough 
from the microprocessor bus to the autozcro com- 


parator. The problem exists only for ceramic package versions 
of the AD7578, the electrically isolated metal lid acting like a 
conductor 
to distribute 
the digital noise around the package. 


Grounding the lid to DGND eliminatc1lthis problem. Alternatively 
the AD7578 can be isolated from the microprocessor bus by 
means of three-state buffers. 


Microprocessor Interfacing 


MICROPROCESSOR 
INTERFACING 
When the AD7578 is used with its own internal clock osci11ator, 
microprocessor interfacing is straightforward 
and requires at 
most a few external gates (see Figures 17 through 19, 21 and 
22). When the AD7578 is used with an external clock source, 
additional circuitry is required to extend the ..,.P control signals 
(see Figure 20). 


MC6800, MC6809 and 6502 MICROPROCESSORS 
A typical interface to the AD7578 with any of the above micro- 
processors is shown in Figure 17. The decoder can be enabled 
high using VMA in 6800 systems or enabled low by NOR'ing 


cI>o and cl>2 in 6502 systems or by NOR'ing 
E and Q in 6809 
systems. Address line A2 of the 6800 has been tied to BYSL of 
the AD7578. Assuming the AD7578 is assigned a memory block 
starting at address 8000H, a write instruction 
to any address in 
this block will start a conversion. To read the conversion results, 


it is necessary only to bring control inputs CS and RD low. The 
BYSL input (tied to A2 of the •.•.P) determines whether the data 
high or low byte is placed onto the 8-bit data bus. A read instruction 
to address 8000H will result in the low byte of data being transferred 
to the •.•.p (BYSL = Low). Similarly a read in1ltruction to any 
address having A2 HIGH and within the assigned memory 
block, e.g., 8004H, transfers the high byte of data to the ..,.p. 
The converter status flag BUSY can be polled at intervals to 
check whether the present conversion has finished and valid 
12-bit data is available. This is accomplished 
by the following 
in1ltructions on the 6800: 


LDA 
A 
$8004 
ASL 
A 
BCC 
FETCH 


Load Flag from AD7578 
Shift Flag into Carry 
Branch to Data Fetch 
Subroutine if BUSY is LOW 


Figure 
17. AD7578 
- MC6800, 
6809, 6502/nterface 


8085A, Z80 MICROPROCESSORS 
A typical interface to either of these microprocessors 
is shown in 


Figure 18. Not shown in the figure is the 8-bit latch required to 
demultiplex 
the 8085A common address/data 
bus. This interface 


uses slightly different low-level address decoding than the previous 
interface. Address line AO of the fLPhas been tied to BYSL of 
the AD7578. This allows the 16-bit data move instructions 
on 
both the 8085A and the Z80 to be used when reading conversion 
results. Assuming the AD7578 is again assigned a memory 
block starting at address 8000H, a write instruction to any address 
in this block will start a conversion. The 12-bit conversion 
results can be read (low byte first then high byte) by a single 
read instruction; 


On the 8085A 


LHLD8000 


moves the conversion results into register pair HL 


On the Z80 


LD BC, (8000) 


moves the conversion results into register pair BC 


MC68000, 
MC68008 MICROPROCESSOR 
Figure 19 shows an AD7578-MC68000/MC68008 
interface. 
Address line Al of the fLPhas been connected to BYSL of the 
AD7578. With the simple decoding logic shown in Figure 19, 
the AD7578 is decoded in a memory block from COOOHto 
FFFFH. 
A write instruction to anyone 
of these addresses will 
start a conversion, 
i.e., 


starts a conversion. When the conversion is complete, the JLP 
acquires the result by reading from the AD7578, i.e, 


MOVEP. 
W 
$000 (A2), 
DO 


This instruction places the conversion data in the DO register of 
the JLP.Address register A2 should contain an odd-order address 
(having Al high) for the AD7578, e.g., $C003. 


ADDRESS 
DECODE lOGIC 


\ 


.IS ) 


ADDR 
BUS 


MICROPROCESSOR 
INTERFACE 
TO AD7578 WITH 
EXTERNAL 
CLOCK 
Figure 20 shows the additional circuitry generally required to 
interface an 8-bit fLPto the AD7578 operating from an external 
clock source. During a write operation, the 74121 monostable 
(one-shot) is triggered to latch the low level on the CS input 
into the 7477, a 4-bit bistable latch. The monostable timing 
components (not shown in Figure 20) should be chosen to provide 
an output pulse width corresponding 
to t2 (EXT), the minimum 
autozero cycle time. To avoid any possibility of spurious triggeriJig, 
the monostable should be enabled by a valid memory address 
signal. During a data read cycle, the 7477 latch is transparent 
and data is read normally. Note that the JLPwrite and read 
cycle times are unaffected by the interface circuitry. 


8088, 8086 MICROPROCESSORS 
Figure 21 shows an AD7578-8088 interface. 


Address line AOof the •.•p is connected to BYSL of the AD7578. 
With the simple decoding shown in Figure 21 the AD7578 is 
decoded in a memory block from 4000H to 7FFFH. 


A write instruction 
to anyone 
of these addresses will start a 
conversion, i.e, 


MOV4004,AX 


stans a conversion. When the conversion is finished the 8088 
acquires the result by reading from the AD7578, i.e., 


MOV AX, 4000 


places the conversion data in the accumulator. 


ADORESSDECOOE\ 
lOGIC... 


I 


AOORESS 
BUS 


I 


Figure 22 shows an AD7578-8086 
interface. Address line Al of 
the •.•p is connected to BYSL of the AD7578. The AD7578 is 
again decoded in a memory block from 4000H to 7FFFH. 


A write instruction 
to anyone 
of these addresses will start a 
conversioD, i.e, 


MOV 4008, AX 


starts a conversion. When the conversion is finished, the 8086 
acquires the result by reading from the AD7578 in two read 
cycles, i.e., 


MOV AL,4000 
MOV AH,4OO2 


places the conversion data in the accumulator. 


AOOA~~~ECODE 
\... 
." 
) 


ADDRESS 
BUS 
, 
• 


AD7578-AD585 
SAMPLE·HOLD 
INTERFACE 
Figure 23 shows an AD585 Sample-Hold Amplifter driving the 
analog input of the AD7578. At a sampling frequency of 8kHz 
the maximum input signal frequency is 4kHz. The AD7578 is 
configured for bipolar operation to allow an input signal swing 
of ±5V. No clock components are shown for the AD7578 but 
the conversion time should be adjusted for 100 microseconds. 
With an external hold capacitor of lOOpF, the acquisition time 
for the sample-hold amplifter is 10 microseconds. The circuit 
operates from we to + 70"C. 


To take a sample of the input, a WRITE instruction is executed 
to the AD7578 control inputs. The converter busy flag, BUSY, 
is driven low indicating that a conversion is in progress. The 
falling edge of this BUSY signal places the sample-hold amplifter 
into the HOLD mode "freezing" the input signal to the AD7578. 
After 100 microseconds the conversion is finished and the BUSY 
signal is brought high. This allows a time of 25 microseconds 
for the AD585 to come out of the hold mode and acquire the 
input signal in time for the next sample. Between the end of 
one conversion and the start of the next, the conversion results 
must be read from the converter. 


Careful circuit layout and power supply decoupling are necessary 
to obtain maximum performance from the system. Decoupling 
capacitors in the diagram are all lO•.•F electroytics in parallel 
with O.OI•.•F disc ceramics. 


I-.ANALOG 
WDEVICES 


I 


FEATURES 
201J.SConversion Time 
On-Chip Sample-Hold 
50kHz Sampling Rate 
25kHz Full-Power Input Bandwidth 
Choice of Data Formats 
Single + 5V Supply 
Low Power (50mWI 
Skinny 24-Pin DIP and 28-Terminal 
Surface Mount Packages 


GENERAL DESCRIPTION 
The AD7579 and AD7580 are 10-bit, successive approximation 
ADCs. They have differential analog inputs that will accept 
unipolar or bipolar input signals while operating from only a 
single +5V supply. Input ranges of 0 to +2.5V, 
0 to +5V and 
±2.5V are possible with no external signal conditioning. 
Only 
an external 2.5V reference and clock and control signals are 
required to make them operate. 


With conversion time of less than 20fJ.sand an on-chip sample-hold 
amplifier, the devices are ideally suited for digitizing ac signals. 
The maximum sampling rate is 50kHz, giving an input bandwidth 
of 25kHz. The parts are specified not only with traditional static 
specifications such as linearity and offset but also with dynamic 
specifications (SNR, Harmonic Distortion, 
IMD). 


The AD7579 and AD7580 are microprocessor-compatible 
with 
standard microprocessor 
control inputs (CS, RD, WR, RDY, 
INT) and data outputs capable of interfacing to high-speed data 
buses. There is a choice of data formats, with the AD7579 
offering an (8 + 2) read and the AD7580 offering a IO-bit parallel 
word. 


Space saving and low power are also features of these devices. 
They dissipate less than 50mW from a single + 5V supply and 
are offered in a 0.3", 24-pin package and in plastic/ceramic chip 
carrier for surface mounting. 


LC2MOS 
1O-Bit Sampling AID Converters 


AD7579/AD7580 
I 
• 


PRODUCT 
HIGHLIGHTS 
I. 20fJ.sconversion time with on-chip sample-hold makes the 
AD7579 and AD7580 ideal for audio and higher bandwidth 
signals, e.g., modem applications. 


2. Differential analog inputs can accept unipolar or bipolar 
input signals, but only a single, + 5V power supply is 
needed. 


3. Versatile and easy-to-use digital interface has fast bus access! 


relinquish times, allowing connection to most popular micro- 
processors. 


AD7579/AD7580 -SPECIFICATIONS 


(Voo = +5V ± 5%, VREF = +2.5V, 
AGND = DGND = OV; 


feLK = 2.5MHz;All specifications TM1N to TMAX unless otherwise 
noted. Test conditions as in Figure 12 unless otherwise stated). 


I,A 
K,B 
Parameter 
Versions 
Versions 
S Version 
Units 
Conditions/Comments 


STATIC 
CHARACTERISTICS 
These specifications 
apply for the 


Resolution 
10 
10 
10 
Bits 
three Analog Input Ranges. 
See Differential 
Applications. 


Integral 
Nonlinearity 
"'I 
'" 1/2 
"'I 
LSBrnax 
No missing codes guaranteed 
over the 


Differential 
Linearity 
Error 
"'0.9 
"'0.9 
±O.9 
LSBrnax 
full temperature 
range2• 


Full-Scale 
Error 
"'5 
"'5 
"'5 
LSBrnax 


Zero Code Error3 
"'2 
",1 
"'2 
LSBrnax 
Connected 
as in Figure 
12. 


"'3 
"'2 
"'3 
LSBrnax 
Connected 
as in Figure 
14 or IS. 


Power Supply Rejection 
+0.5 
+0.5 
+0.5 
LSBmax 
4.75V<V"o<5.25V 


DYNAMIC 
CHARACTERISTICS'" 


Conversion 
Time6 
16.9 
16.9 
16.9 
J.Lsmin 
fcLK=2.5MHz, 
tWR= 
lOOns. 
18.5 
18.5 
18.5 
J.Lsmax 
See Functional 
Description. 


Sampling 
Rate 
50 
50 
50 
kHzmn 


Clock Ran8e 
250/2.5 
25012.5 
250/2.5 
kHz min/MHz 
max 


Signal-ta-Noise 
Ratio 
55 
55 
55 
dBmin 
See Terminology. 
T A = 25"<:. 


58 
60 
58 
dBtyp 


Total Harmonic 
Distortion 
-58 
- 58 
-58 
dBrnax 
T,=25°C. 
-64 
-68 
-64 
dBtyp 
Intermodulation 
Distortion 
-67 
-67 
-67 
dBtyp 
This is characterized 
to both SMPTE 
and CCITI 
standards. 
TA = 25°C. 


Slew Rate 
160 
160 
160 
mV/fLSmax 
See T enninology 


ANALOG 
INPUT 
RANGES' 


Figure 
12 
AD7s791 AD7580 connected 
as in Figure 
12 


Span 
VRF.F 
VRF.F 
VREF 
Vmax 
Common-Mode 
Range 
OtoVoo 
OtoVOD 
OtoVOD 
Vrnax 


CMRR 
0.5 
0.5 
0.5 
LSBNtyp 
Figure 
14 
AD7s79/AD7s80 
connected 
as in Figure 
14 


Span 
2VREF 
2VREF 
2VREF 
Vrnax 
Common-Mode 
Range 
Oto2Voo 
Oto2VDD 
Oto2VOD 
Vrnax 
CMRR 
0.5 
0.5 
0.5 
LSBNtyp 
Figure 
IS 
AD7579/AD7580 
connected 
as in Figure 
15 


Span 
2VREF 
2VREF 
2VREF 
Vrnax 
Common-Mode 
Range 
- VREFto 
-VREFto 
-VREFto 
Vrnax 


(2Voo- 
VREF) 
(2Voo- 
VREF) 
(2V",,- 
VREF) 
CMRR 
0.5 
0.5 
0.5 
LSBNtyp 


ATTENUATOR 
INPUT 
RESISTANCE 
5/15 
5/15 
5/15 
kO minikO 
max 
lOkO typical. Resistance 
measured 
between 
V,,,( + )A, V,,,( + )BorVt,,( 
- )A, V,,,( -)B 


CaMPARA 
TOR INPUT 
RESISTANCE 
10 
10 
10 
MOmin 
AD7s79/AD7580 
connected 
as in Figure 
12 


REFERENCE 
INPUT 


VREF(For 
Specified 
Performance) 
+2.5 
+2.5 
+2.5 
V 
±S% 


IREF 
1.5 
1.5 
1.5 
mArnax 


LOGIC 
INPUTS 
CS,RD,WR,HBEN,CLK 


V1NL, Input Low Voltage 
0.8 
0.8 
0.8 
Vmax 
V1NH, Input 
High Voltage 
2.4 
2.4 
2.4 
Vmin 


IIN. Input Current 
25°C 
"'1 
"'I 
"'1 
I'-Amax 
V1N=OorVOo 
T mintoTmax 
",10 
±IO 
"'10 
IJ.Amax 
VrN=OorVOD 
C1N, Input Capacitance" 
10 
10 
10 
pFmax 


LOGIC 
OUTPUTS 
DBO to DB7 (DB9) 


VOL. Output 
Low Voltage 
0.4 
0.4 
0.4 
Vrnax 
ISINK = 1.6mA 
VOH.Output 
High Voltage 
4.0 
4.0 
4.0 
Vmin 
IsoURCE 
= 4OOIJ.A 
Floating 
State Leakage Current 
"'1 
",1 
"'10 
ILArnax 
VoUT=OtoVoo 
Floating 
State Output 
10 
10 
10 
pFmax 
Capacitance" 
RDY,INT 
VOL' Output 
Low Voltage 
0.4 
0.4 
0.4 
Vmax 
ISINK = 1.6mA 


POWER 
REQUIREMENT 
Voo 
+5 
+5 
+5 
V 
± 5% for Specified Performance 
100 
10 
10 
10 
mAmax 
Typically 
SmA with Vo,,= 
+ 5V 
Power Dissipation 
50 
50 
50 
rnWmax 


NOTES 
'Temperature 
Ranges 
as follows: 


1,K Yersions;Oto 
+700c 
A, B Versions; 
- 25°C to + 85°C 
SVersion; 
-55"Cto 
+ 125"C 
2Ze:rocode 
error and gain error 
adjusted 
to zero. 


lZe:rocode 
error 
is measured 
with respect 
to an ideal first code transition 
which occurs 
at 1I2LSB. 
fSample 
tested at 25"C to ensure 
compliance. 


~ese 
specifications 
apply for full-scaJe 
input signals 
up to 20kHz. 
fAccuracy 
may degrade 
at conversion 
times other 
than those specified. 
7y1N( + ) must always be equal toormore 
positive 
thanY'N( 
- ),inFigures 
12,14,15. 


Specifications 
subjttt 
to change 
without 
notice. 


1 
AD_75_79_/A_D_75_80_ 


TIMING SPECIFICATIONS' 


Limit 
at 
Limit 
at 
Limit 
at 
25°C 
Tmin, 
Truax 
Tmin, Tmax 


Parameter''''' 
(All Grades) 
(J,K,A,BGrades) 
(SGrade) 
Units 
Test 
Conditions/Comments 


t, 
0 
0 
0 
nsmin 
CS to WR Setup 
Time 
t2 
40 
50 
50 
nsmin 
WR Pulse Width 
t3 
0 
0 
0 
nsmin 
CS to WR Hold Time 
4 
100 
100 
120 
nsmax 
WR to INT 
Propagation 
Delay 


t5 
0 
0 
0 
nsmin 
CS to RD Setup 
Time 
~ 
tl2 
t12 
tl2 
nsmin 
RD Pulse Width 
t7 
0 
0 
0 
nsmin 
CS to RD Hold Time 


t8 
20 
20 
30 
nsmin 
HBEN 
to RD Setup 
Time 
t9 
10 
10 
10 
nsmin 
HBEN 
to RD Hold Time 


tlO 
110 
135 
ISO 
nsmin 
RDY 
Access Time 


tll 
100 
100 
120 
nsmax 
RD to INT 
Propagation 
Delay 


t'2 
110 
135 
ISO 
nsmax 
Data Access Time 
After RD 
t13 
10 
10 
10 
nsmin 
Data Hold Time, 
RDY 
Hold Time 
65 
80 
90 
nsmax 
• 


NOTES 
1. Timing 
specifications 
are sample 
tested 
at + 25°C to ensure 
compliance. 
All input 
control 
signals 
3re specified 
with 
tR =tF=20ns 
(10% 
to 90% 
of +SV) 
and 
timed 
from 
a voltage 
level of + 1.6V. 
2. 
(4' llO, [II and 
tl2 are measured 
with 
the load 
circuits 
of Figures 
3 and 
5 and 
defined 
as the time 
required 
for an output 
to cross O.8V or 2AV. 
3. 
()3 is defined 
as the time 
required 
for the data 
lines 
to change 
O.5V when 
loaded 
with 
the circuits 
of Figure 
4. 
4. 
TNT and 
RDY 
3re open-drain 
outputs 
and 
need 
3kfi 
external 
pull-up 
resistors 
for operation. 


Specifications 
subject 
to change 
without 
notice. 
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Figure 3. Load Circuits 
for Access 
Time Tests (t'2) 
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Figure 4. 
Load Circuits 
for Output 
Float Delay (t'3) 


+~V3kH 


DBN o----t---o 


T 
100pF 
\J DGND 


+JV 


3kH 


DBN o----f--o 


~ 
'OpF 


DGND 


a. High-Z 
to 
VOL 
b. 
VOL to High-Z 


Figure 5. Load Circuit 
for INT Propagation 
Delays 


ABSOLUTE MAXIMUM RATINGS* 
Vno toAGND 
. 
Vnn to DGND 
. 


AGND to DGND 
. . . . . . . . 


Digital Input Voltage to DGND 
Digital Output Voltage to DGND 
CLK Input Voltage to DGND 
VREF to AGND 
. 
V1N(+ )A, V1N<+ )BtoAGND 


(Figure 
12) 
. . . . . . . . 


V1N(- )A, V1N<-)B to AGND 


(Figure 
12) 
. . . . . . . . 


V1N<+)A to AGND (Figure 14) . 
V'N( -)A 
to AGND (Figure 14) . 
V'N(+)AtoAGND 


(Figure IS) 
. . . .. 
- VREF -0.6V, 
2Voo 
- VREF +0.6V 


-0.3Vto 
+7V 
+0.3V 
to +7V 
-0.3V, 
Voo 
-0.3V, 
Voo 
+O.3V 
-0.3V, 
Von 
+O.3V 


-0.3V, 
Voo 
+O.3V 


-0.3V, 
Voo 


-0.3V, 
Voo 
+0.3V 
-0.6V,2Voo 
+0.6V 


-0.6V,2Voo 
+0.6V 


V1N<-)A toAGND 


(Figure IS) 
. . . 
-VREF 
-0.6V, 
2Voo 
-VREF 
+0.6V 


Operating Temperature 
Range 


Commercial (J, K Versions) 
Industrial 
(A, B Versions) 
Extended (S Version) 
.... 
Storage Temperature 
Range . . 


Lead Temperature 
(soldering, 
!Osee) 


Power Dissipation (Any Package) to + 7SoC 
Derates Above + 7SoC by . . . . . . . . . . 


. .. 
0 to + 70°C 
- 2SoC to + 8SoC 


- SsoC to + 12SoC 
- 6SoC to + IS0°C 
+ 300°C 
4S0mW 
6mW/oC 


·Stress 
above those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 


damage 
to the device. 
This is a stress rating only and functional 
operation 
of the device 
at these or any other conditions above those indicated in the operational sections of this 


specification 
is not implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for ex- 


tended 
periods 
may affect device 
reliability. 


CAUTION 
ESD (electrostatic 
discharge) 
sensItIve device. 
The digital control 
inputs 
are diode protect- 


ed; however, 
permanent 
damage may occur on unconnected 
devices subject to high energy 


electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are remov~d. 


LEAST SIGNIFICANT 
BIT (LSB) 
An ADC with !O-bit resolution can resolve one part in 210 


(1/1024 of full scale). For the AD7S79/AD7S80 operating in the 
unipolar range with 2.SV span, one LSB is 2.44mV. 


ZERO CODE ERROR 
This is a measure of the difference between the ideal (O.5LSB) 
and the actual differential analog input level required to produce 
the first positive LSB code transition (00 ... 
00 to 00 . . . 01). 


FULL-SCALE 
ERROR 
The ideal difference between the first transition voltage and last 
transition voltage for an ADC is (F.S. - 2LSB). AD7S79/AD7580 
Full-Scale Error is defmed as the deviation between this ideal 
difference and the measured difference. 


COMMON-MODE 
RANGE 


The voltage at both inputs to the AD7S79/AD7S80 can be raised 
above or lowered below analog ground potential, providing 
V,N<+) is equal to or more positive than VIN(-). 
Figures 12, 


14, and 15 show circuits for various Analog Input Ranges. The 
Common-Mode 
Range represents the voltage extremes which 
can be applied to the circuits of Figure 12, 14 or 15. For example, 
when the AD7579/AD7580 
is connected as in Figure 15, the 
Common-Mode 
Range is -2.5V 
to +7.SV. 


SLEW RATE 
Slew Rate is the maximum allowable rate of change of input 
signal such that the digital sample values are not in error. The 
Slew Rate performance 
of AD7579/AD7580 
allows sampling of 
an input full-scale (2.5V pk-pk) sine wave up to 20kHz. 


SIGNAL-TO-NOISE 
RATIO 
Signal-to-Noise Ratio (SNR) is measured signal to noise at the 
output of the ADC. The signal is the rms magnitude of the 
fundamental. 
Noise is the rms sum of all nonfundamental 
signals 


up to half the sampling frequency. 
SNR is dependent on the 


number of quantization 
levels used in the digitization process; 


the more levels, the smaller the quantization noise. The theoretical 
SNR for a sine-wave input is given by: 


SNR = (6.02N + 1.76) dB, 


where N is the number of bits in the ADC. Thus for an ideal 
10-bit ADC, SNR=62dB. 


INTERMODULATION 
DISTORTION 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products, 
of order (m + n), at sum and difference frequencies of 


mfa±nfb, 
where m,n = 0,1,2,3,----. 
Intermodulation 
terms are 


those for which m or n is not equal to zero. 


HARMONIC DISTORTION 
Harmonic distortion is the ratio of the square root of the sum-of- 
the-squares of the rms values of the harmonics to the rms value 
of the fundamental. 
For the AD7579/AD7580, 
Harmonic Dis- 
tortion is: 


20 log V(V/ 
+ vl + vi + VS 
2 + V/) 
dB, 


VI 


where VI is the rms amplitude of the fundamental and V2, V3, 
V4, VS, V6 are the rms amplitudes of the individual harmonics. 


Temperature 
Package 
Modell, 
2 
Range 
INL 
Option] 


AD7579jN 
O°Cto + 70°C 
:!:ILSB 
N-24 
AD7579KN 
O°Cto + 70°C 
:!:1I2LSB 
N-24 
AD7579jP 
O°Cto + 70°C 
:!:ILSB 
P-28A 
AD7579KP 
O°Cto + 70°C 
:!:1I2LSB 
P-28A 
AD7579AQ 
- 25°C to + 85°C 
:!:ILSB 
Q-24 
AD7579BQ 
- 25°C to + 85°C 
:!:1I2LSB 
Q-24 
AD7579SQ 
- 55°Cto + 125°C 
:!:ILSB 
Q-24 
AD7579SE 
- 55°C to + 125°C 
:!:ILSB 
E-28A 


NOTES 


IAnalog Devices reserves the right to ship ceramic (D-24A) in lieu of ccrdip 
(Q-24) hermetic packages. 
'To order MIL-STD-883, 
Class B processed parts, add /883B to part 
number. Contact your local sales office for military data sheet. 
3D = Ceramic DIP; E = Leadless Ceramic Chip Carrier; N = Plastic DIP; 
P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline information see 
Package Information section. 
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Temperature 
Package 
Modell, 
2 
Range 
INL 
Option] 


AD7580jN 
O°Cto + 70°C 
:!:ILSB 
N-24 
AD7580KN 
O°Cto + 70°C 
:!:1I2LSB 
N-24 
AD7580jP 
O°Cto + 70°C 
:!:ILSB 
P-28A 
AD7580KP 
O°Cto + 70°C 
:!:1I2LSB 
P-28A 
AD7580AQ 
- 25°C to + 85°C 
:!:ILSB 
Q-24 
AD7580BQ 
- 25°C to + 85°C 
:!:1I2LSB 
Q-24 
AD7580SQ 
- 55°C to + 125°C 
:!:ILSB 
Q-24 
AD7580SE 
- 55°C to + 125°C 
:!:ILSB 
E-28A • 


NOTES 


IAnalog Devices reserves the right to ship ceramic (D-24A) in lieu of cerdip 
(Q-24) hermetic packages. 
'To order MIL-STD-883, 
Class B processed parts, add /883B to part 
number. Contact your local sales office for military data sheet. 
3D = Ceramic DIP; E = Leadless Ceramic Chip Carrier; N = Plastic DIP; 
P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline information see 
Package Information section. 


AD7579/AD7580 


PIN FUNCTION 
DESCRIPTION 
(DIP PACKAGE) 


Mnemonic 
Pin Number 
Description 
Mnemonic 
Pin Number 
Description 
AD7579 AD7580 
AD7579 AD7580 


VIN(+)A 
I 
I 
Analog Input Pin. 
DGND 
12 
12 
Digital Ground. 


VIN(+)B 
2 
2 
Analog Input Pin. 
HBEN 
13 
High Byte Enable Input. Used 


Viti -)A 
3 
3 
Analog Input Pin. 
in AD7579 for 2 Byte Reading. 


VIN(-)B 
4 
4 
Analog Input Pin. The four 
See Tables II, IV. Either the 
analog input pins connect to 
High Byte or the Low Byte 
the on-chip input attenuator 
may be read first. 


(see Figure 6) and may be 
RDY 
14 
13 
Open Drain Output. 
This is 
configured as in Table I for 
accessed during Read Cycle. 


various input ranges. 
When accessed, it is low during 
VREF 
5 
5 
VREF Input. This is nominally 
conversion and high impedance 
+2.5V. 
when conversion is complete. 


AGND 
6 
6 
Analog Ground 
DBO-DB7 
15-22 
Three-State 
Data Outputs on 
CS 
7 
7 
Chip Select Input. 
AD7579. The data format is 
WR 
8 
8 
Write Input. Used with CS to 
right justified. 


start conversion. See Tables 
DBO-DB9 
14-23 
Three-State 
Data Outputs on 
II, III. 
AD7580. 
RD 
9 
9 
Read Input. Used with CS to 
I.C. 
23 
Internal connection. This pin 
read data. See Tables II, III. 
is connected internally on the 
INT 
10 
10 
Open Drain Output. 
High 
AD7579. It should be left 
impedance during conversion. 
open and not used as a feed- 
Goes low when conversion is 
through pin in double-sided 
complete. 
printed circuit boards. 


CLK 
11 
11 
Clock Input. 
VDD 
24 
24 
Positive Power Supply. This is 
+5V nominal. 


Aaalog Input 
CoanectioDs 
Aaalog Input 
Common-Mode 
Raoge 
V.,.(+)A 
V.,.(+)B 
V.,.(-)A 
V.,.{-)B 
Span 
Range 
Figure 12 
V,,.{+) 
V,,.{+) 
V,,.{-) 
V,,.{-) 
2.5V 
OV'o +5V 
Figure 14 
V,,.{+) 
AGND 
V.,.(-) 
AGND 
5V 
OVto + 10V 
Figure 15 
V,,.{+) 
VREF 
V,,.{-) 
VREF 
5V 
-2.5Vto 
+7.5V 


~ 
\ft m 
HBEN 
Function 


1 
X 
X 
X 
Not Selected 
0 
I 
1 
X 
Selected, WAITforWR,RD 
0 
U 
1 
X 
Stan Conversion OIl1.ofWR 
0 
1 
0 
0 
Enable AOC Data (8 LSBs)* 
0 
1 
0 
1 
Enable AOC Data (2 MSBs)* 


3 
WIt: m 
Function 
I 
X 
X 
Not Selected 
0 
1 
1 
Selected, WAITforWR,RD 
0 
U 
I 
Start Conversion 
on1. ofWR 
0 
1 
0 
Enable AOCdata (10Bits) 


HBEN 


LOW 


HIGH 


ANALOG 
INPUT 
CIRCUITRY 
The AD7579 is a 10-bit ADC with an (8 + 2) output bus structure 
desigued for 8-bit microprocessor 
systems. The AD7580 is a 10- 


bit ADC with a lO-bit parallel output bus structure. 
The ADC 
circuitry is identical in both parts. Block diagrams are shown on 
the first page of this data sheet. 


Figure 6 shows the input circuitry to the ADC comparator. 
This comparator has differential inputs which are accessed through 
the attenuator 
networks made up of resistors R. The attenuators 
can be used to scale and offset analog input voltages, and this is 
done in Figures 14 and IS to alter the basic ADC input range. 
The analog inputs to the comparator are differential with the 
provisos that V + is always greater than or equal to V -, 
V - 
is 


greater than or equal to AGND and that V + is less than or 
equal to VDD. These conditions must be satisfied when using 
the ADC in any of the voltage ranges. 


V •• I+IA 


VINI+IB 


VlNl-IA 


V.,.(-IB 


Figure 7 shows an ac equivalent input circuit for the AD75791 
AD7580 when used in the 2.5V Unipolar Mode of Figure 12. 
The ADC comparator is a sampled data comparator and the 
input circuitry for this is represented 
by SA>Req and CA' Req is 
a combination of the switch-on resistance and the input impedance 
of the comparator. 
When conversion starts, VIN(+) is sampled 
for at least (2teLK + tWR + 2oons) before the comparator goes 
into the hold mode. This means that the analog input has a 
minimum of 1.1fLs(feLK = 2.5MHz, tWR = lOOns)to setde 
before the comparator makes a decision. By using the typical 
values in Figure 7 for R, Req and CA, the input time constant is 
SOns. Settling to 
:!: 1I4LSB in a lO-bit system takes 8.3 time 
constants or 415ns in this case. This means that VIN(+) has 
plenty of time to setde before the ADC comparison cycle begins. 
It is important 
to remember that any source resistance or source 
capacitance appearing at the input will also increase the settling 
time and this should be kept to a minimum in all cases. 


C, 
IO.5PF 


VAGND 


SAMPUNG 
SWITCH, 
CLOSED 
REO 


S... 
2.5kU 


C. 
I 
10pF 


'\7AGNO 
c, 
T O.5pF 


~AGND 


Figure 7. AD7579/AD7580 Equivalent 
Input Circuit During 
Sampling 


With a 2.5MHz clock, the AD7579/AD7580 
has a maximum 
conversion time of 18.5fLS.If IfLSis allowed for reading the data 
outputs, the maximum sampling rate for the device is 50kHz. 
This means that the maximum analog input frequency is 25kHz 
according to the Nyquist theory. The ADC input impedance in 
the Unipolar Configuration 
of Figure 12 is lOMO. A medium 
bandwidth op amp will drive this at 25kHz. When the input 
attenuators are used for signal conditioning, 
the input impedance 
is 10kO. The drive requirements 
on the amplifier will now be 
greater but any errors resulting will be gain errors only. Suitable 
op amps for driving the AD7579/AD7580 
in any of the input 
configurations are the AD711, AD OP-27, AD544. These will 
deliver specified device performance 
over the input bandwidth. 


REFERENCE 
INPUT 
The AD7579/AD7580 
VREF input is connected to the on-chip 
DAC. The input impedance of this is code dependent and the 
greatest variation occurs when the DAC resistors are at their 
lower limit. In this case, the impedance changes from 1.75kO to 
5.25kO as the DAC is switched. To ensure that the error during 
conversion is less than 1I2LSB, the Reference output impedance 
should be less than 10. References which satisfy this are the 
AD580 (shown in Figure 8) and the ADl403 from Analog Devices. 
If a trimmable reference such as the AD584 is used, it is possible 
to trim out the ADC full-scale error by adjusting the reference 
output. 


INTERNAL 
SAMPLE-AND-HOLD 
When an ADC without sample-and-hold 
is used to digitize ac 
signals, the analog input must not change by more than 1I2LSB 
during the conversion. This puts severe limitations on the allowable 
input signal bandwidth 
to such devices. A sample-and-hold 
amplifier must be used in front of the ADC if increased bandwidth 
is required. The charge balanced comparator used in the AD75791 
AD7580 for the AID conversion provides the user with an inherent 
sample-and-hold 
function. The ADC is specified to work with 
sampling rates up to 50kHz. This rate allows time to do a conversion 
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and read the result into memory. Since at least two samples are 
needed to defme an input sine wave according to the Nyquist 
theory, the analog input signal bandwidth for the AD75791AD7580 
is 25kHz. Figures 20, 21 and 22 show the performance of the 
ADC when digitizing ac signals. 


Figure 8. Using the AD580 as the Reference for the 
AD7579/AD7580 


While the AD7579/AD7580 
is converting, 
V + (see Figure 6) is 


held and V - 
is being tracked. This limits the rate of change, 


dV/dt, on V1NC-). 
For example, if the Common-Mode 
frequency 
is 60Hz, then the allowable amplitude of this to introduce no 
more than 1I2LSB linearity error is 160mV pk-pk. As the Common- 
Mode frequency increases, this allowable amplitude decreases. 
Figure 9 shows how a loomV pk-pk Common-Mode 
signal 
affects linearity error as its frequency is increased up to 1kHz. 


INTEGRAL 
UNEAAITY 
ERROR 
flSBsl 


Figure 9. AD7579/AD7580 Error vs. Common-Mode 
Frequency 


clock on the CLK input pin. This pin may be driven directly 
by CMOS or TTL 
buffers. The mark/space ratio on the clock 
can vary from 40/60 to 60/40. As the clock frequency is slowed 
down, it can result in slightly degraded accuracy performance. 
This is due to leakage effects on the hold capacitor in the internal 
sample-and-hold. 
Figure 10 is a typical plot of accuracy versus 
clock frequency for the ADC. 


FUNCTIONAL 
DESCRIPTION 
Figure II shows the events sequence when the AD7S79/AD7S80 
is converting. The device is selected when CS goes low and the 
first phase of conversion begins when WR goes low. This is an 
initializaton phase and causes the internal DAC to be set to full 
scale, comparators set to auto-zero and V + (see Figure 6) to be 
sampled. The second phase begins some time after WR goes 
back high. This time can vary between 0 and 4 clock periods 
and depends on the state of an on-chip divide-by-4 counter 
which is used for internal synchronization. 
This is the start of 
the successive approximation 
procedure. 
V + is held after 2-112 
clock periods have elapsed. V - 
is sampled and the DAC output 
is switched into the comparator. 
There is (1-112x tCLK) left for 
comparison and then the MSB result is latched. The MSB test 
takes 4 clock cycles as do each of the succeeding bit tests. Thus, 
the successive approximation 
always takes 40 clock cycles. 


When all the bits have been tested, the SAR holds a 10-bit 
word representing 
the input signal. After a further 2 clock cycles 
this is transferred 
to a three state output latch, and three internal 


, 


elK 
I 
i 


ViRl r 


~TART 
CONVERSION 


-----.-: ---\... 
iNT 


both open drain outputs with RDY accessed by RD and INT 
being permanently 
available. When INT is loaded with the __ 
circuit of Figure Sea), it typically takes 60ns to reach VOL. EOC 
is only available on the AD7S79 (see Table V). It appears on 
DB7, when reading the high Byte. 


When the ADC is finished the conversion, the conditions of 
V +, V - 
and the comparators are maintained and the ADC is 


now ready to start a new conversion. If WR and CLK are asyn- 
chronous, the total time from start to end of conversion is variable. 
Minimum conversion time is (tWR+42 tCLK), and maximum 
conversion time is (tWR+46 tCLK). 


APPLYING 
THE AD7579/AD7580 
The AD7S79/AD7580 
has a flexible input stage consisting of 
two input attenuators. 
It is possible to realize various analog 
input ranges by reconfiguring these attenuators. 
The follow- 
ing diagrams show the ADC connected in the most popular 
configurations. 


DIFFERENTIAL 
APPLICATIONS 
Figure 12 shows the AD7S79/AD7580 
connected in the standard 
unipolar mode. Figure 13 and Table V show the ideal input/output 
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Differential 
Analog 
Input, Volts 


+0.000 
+0.00244 
+ 1.24756 
+ 1.25 
+ 1.25244 


+ 2.49512 
+ 2.49756 


Digital Output 
DB9 
DBO 


00ססooססoo 
00ססoo 0001 


01 1111 1111 
10ססooססoo 
10ססoo 0001 


11 1111 1110 
11 1111 1111 


transfer ch~racteristic and the input/output 
code table respectively. 


~ode transIttons occur between successive integer LSB values 
(Le., 1I2LSB, 3/2LSBs, 
etc.). The output code is straight binary 


with ILSB = FS/J024 
= 2.5/I024V 
= 2.4mV. The input 
voltage span is 2.5V and the common-mode 
range is OV to 
+~V, when Voo 
= 5V. This means that the lowest voltage 
whIch can be tolerated at any of the analog inputs is OV, and 
the hIghest voltage which can be tolerated is + 5V. 


Figures 14 and IS show the input attenuators 
on the AD75791 


AD7580 configured to change the basic range of the device. A 
5V range can be configured by grounding one end of each at- 
tenuator and applying the differential input to the other ends. 
This is shown in Figure 14. The span is 5V and the common-mode 
range is 0 to + JOV. In Figure IS, one end of each attenuator 
is 
tied to VREF (2.5V), and this allows each of the other legs to go 
to - 2.5V without causing the comparator input to go negative. 
Assuming VREF is 2.5V, the span of this circuit is 5V and the 
common-mode range is -2.5V 
to +7.5V. 
Note that reducing 
Voo below 5 volts causes a corresponding 
reduction in CMR. 


See Specifications page for full details. 


VINI+I- 
VINI-1 
ov 


O.OO488V 


2.500V 
4.9!512V 


OUTPUT 
CODE 
00ססooססoo 
00ססoo 
0001 
10ססooססoo 


1111111111 


V1N(+I-V,Nf-1 
ov 


O.OO488V 
2.500V 
4.99512V 


aUTPUTCODE 
00 0000 0000 
00 0000 0001 
10 0000ססoo 
111111111' 


V••••I+1 
-2.50DV 
-2.49512V 
D.GOV 
+2.49512V 


OUTPUT 
CODE 
00 0000 0000 
00ססoo 0001 
10 0000 0000 
111111 1111 • 


-DECOUPLlNG 
CIRCUITRY AND CONTROL 
CIRCUITRY 
AS IN FIGURE 12 
Figure 
16. Single-Ended 
Bipolar 
Operation, 
-2.5V 
to +2.5V 


SINGLE-ENDED 
APPLICATIONS 
In many cases, users of the AD7579/AD7580 
will want to measure 
single-ended input voltages (i.e., ground referred signals). The 
circuits of Figures 12, 14 and IS can be easily adapted to accept 
such signals. If VIN(-) 
in Figure 12 is tied to AGND, then the 
analog input range is OV to +2.5V. 
By connecting VIN(-) 
of 
Figure 14 to AGND, the analog input range becomes OV to 
+ 5V. Figure IS can be modified as in Figure 16 to accept input 
voltages in the range -2.5V 
to +2.5V. 
Each of these circuits 
are special cases of the Differential Input circuits and are achieved 
by making the negative input to the internal comparator equal 
to AGND. 


OFFSET 
AND FULL-SCALE 
ADJUSTMENT 
Figure 17 shows the AD7579/AD7580 
connected in the single- 
ended Unipolar 2.5V range with offset and full-scale calibration 
circuitry. The zero error of the ADC is the deviation of the 
actual LSB transition from the ideal LSB transition. 
In many 
cases, the zero of the ADC will not need adjustment. 
When it 
does, RI in Figure 17 provides 25mV of adjustment 
which is 
sufficient to null out both the op amp and ADC offset error. 
Resistors R3 and R4 bias VIN(- ) to approximately 
8mV and 
ensure that the offset error is never positive. This allows the 
error to be nulled in the single supply system of Figure 17. 
Apply +0.5LSB 
to V1Nand adjust RI until the ADC output 
code flickers between 00 ..... 000 and 00 ..... 001. 


For full-scale calibration, 
apply a voltage of (2.5V - 1.5LSB) to 
VIN. Then adjust R2 until the output code flickers between II 
..... 
110 and 11 ..... 
111. When the full-scale calibration is 
complete, return to the offset adjustment procedure and check 
that further adjustment 
is not necessary. 


Figure 
17. 
Offset and Full-Scale 
Calibration 
for Single- 
Ended 
Circuit 


NOTES 
1. R."19.6kU,Ro"1.21kU. 
2. 
SEE AD625 
DATA 
SHEET 
FOR RECOMMENDED 
INPUT 
PROnCTlON 
CIRCUITRY. 


3. 
POWER 
SUPPLY 
AND 
REFERENCE 
OECOUPUNG 
OMmED 
FOR CLARITY. 


Figure 18a. AD7579/AD7580 and AD625 in a Data 
Acquisition System 


AD7579/AD7580 IN DATA ACQUISITION 
SYSTEMS 
The AD7579/AD7580 
is suitable for many data acquisition 
circuits. Figure 18a shows one such circuit in which a load cell 
is used to produce a signal in response to an applied force. 
Typically these transducers 
produce 30mV full scale per volt of 
excitation. Since the excitation in this case is 2.5V, the output 
from the load cell is :±:75mV when the maximum specified force 
is applied. The AD625 Instrumentation 
Amplifier is set for a 
gain of 33.33 which means that the input signal to the ADC is 
:±:2.5V. Thus, the AD7579/AD7580 is configured in the single- 
ended, 
:±:2.5V range of Figure 16. When no force is applied to 
the load cell, the ADC output will sit at mid-scale. With maximum 
negative force applied the ADC output will be all zeros; whereas, 
with maximum positive force the output will be all Is. Offset 
and gain calibration of this system can be accomplished by 
trimming the offsets and gain of the instrumentation 
amplifier. 


Figure 18b shows a differential transducer 
unbalanced by =10.0. 
supplying a 0 to 20mV maximum signal. The resistors are chosen 
for a gain of 125, and the ADC is configured to accept 0 to 
2.5V differential signal. This is a lower-cost alternative to using 
an instrumentation 
amplifier. 


Note that in the circuits of Figure 18, VREF for the ADC and 
the excitation voltage for the load cell are both + 2.5V. If the 
same reference drives both these points, then the ADC operation 
is ratiometric which eliminates system errors due to reference 
drift. The main reason why the same reference would not be 
used to drive both load cell and ADC is physical location. When 
the load cell is remote from the ADC circuitry, it might not be 
practical to have the same drive for both circuits. 


Figure 18b. AD7579/AD7580 and AD648 in a Data 
Acquisition System 


APPLICATIONS 
HINTS 
Layout: To obtain the best performance from the AD7579/AD7580, 
lay it out on a printed circuit board. Digital and analog lines on 
the board should be separated as much as possible. In particular, 
take care not to run any digital track adjacent to an analog 
signal track or underneath 
the AD7579/AD7580. 
The analog 
inputs should be screened by AGND. 


Grounding: 
Establish a single-point analog ground (STAR ground) 


at Pin 6 (AGND) or as close as possible to the AD7579/AD7580. 
This is shown in Figure 19. Pin 12 (AD7579/AD7580 
DGND) 
and all other analog grounds should be connected to this single 
analog ground point. However, do not connect any other digital 
grounds to this analog ground point. Low impedance analog 
and digital power supply returns are essential to low noise operation 
of the ADC and these tracks should be kept as wide as possible. 


Noise: Input signal leads to VIN( + )A, V.N<+ )B, V,N<- )A, 
V,N<- )B and signal return leads from AGND (Pin 6) should be 
kept as short as possible to minimize input noise coupling. In 
applications where this is not possible a shielded cable between 
source and ADC is recommended. 


AGND 
Voo 
DGND 


AD7579 
AD7580 


DIGITAL 
SIGNAL PROCESSING 
APPLICATIONS 
In Digital Signal Processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive ftItering, the dynamic 
characteristics 
(SNR, Harmonic 
Distortion, 
Intermodulation 
Distortion) of ADCs are critical. For this reason, the AD7579/ 
AD7580 is specified dynamically as well as with standard D.C. 
specifications (linearity error, offset error, etc.). 


Figure 20 shows a 2048 point FFT plot of an AD7579/AD7580 
with an input signal of 3.58kHz. The SNR is 6O.ldBs. The 
largest harmonic appears at 2fo (7. 16kHz) and is 70dB down 
from the fundamental. 
Harmonics above 3fo are in the noise 
floor. Note that when SNR is calculated, it includes harmonics. 


-40<18 
w 
Q 
~ 
~ 
-6OdB 


J!~-8OdB 


If these were excluded the SNR figure would be closer to the 
ideal of 62dB for a 10-bit ADC. The relationship between Signal- 
to-Noise Ratio (SNR) and ADC resolution is expressed in the 
following equation: 


SNR = (6.02N + 1.76)dB 


This is for an ideal ADC with no differential or integral linearity 
errors. These errors will cause a degradation in SNR. By working 
backwards in the above equation it is possible to get a measure 
of ADC performance 
expressed in effective number of bits. This 
is shown over frequency in Figure 21 for the AD7579/AD7580. 
The effective number of bits typically falls between 9.7 and 9.8 
corresponding 
to SNRs of 60.0 and 6O.6dBs. 
- 
..•. 
" 
SAMPLING RATE: 51.2kHz 


When a sine wave of specified frequency is applied to the AD7579/ 
AD7580 and several thousand samples are taken, it is possible 
to plot a histogram showing the frequency of occurrence of each 
of 1024 ADC codes. A perfect ADC would produce a cusp 
probability density function described by the equation 
I 
P(V) 
= (A2 
_ 
V2)'12 


A is the peak amplitude of the sine wave and P(V) the probability 
of occurrence at the voltage V. If a particular step is wider than 
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the ideal width, then the code associated with that step will 
accumulate more counts than the code for an ideal step. Likewise, 
a step narrower than ideal width will have fewer counts. Missing 
codes are easily seen because a missing code means zero counts 
for a particular code. The absence of large spikes in the histogram 
indicates small differential nonlinearity. 
The actual histogram 
obtained is shown in Figure 22 and corresponds very well with 
the ideal cusp shape. It shows that the AD7579/AD7580 has 
very small differential nonlinearity and no missing codes with an 
input frequency of 25kHz. 


Whenever the AD7579/AD7580 
is used to sample ac signals, it 
is essential that the signal sampling occurs at exactly equal intervals. 
This minimizes errors due to sampling uncertainty 
or jitter. The 


WR command for the AD7579/AD7580 needs to be synchronized 
with the CLK input to ensure equal interval sampling. 


Two conditions must be satisfied to ensure proper synchronization: 
I) The time interval between successive WR signals needs to be 
long enough to allow a conversion to fmish and the data to be 
read into memory. 2) Because of the internal operation of the 
ADC, the number of clock pulses between successive write 
signals must be a multiple of four. 


The conversion time for the AD7579/AD7580 has a maximum 
value of (tWR + 46 teLK). If 4 teLK is allowed for reading the 
data outputs into a buffer then the interval between successive 
WR signals must be at least 50 teLK. The easiest way to satisfy 
both this requirement and number 2 above h to divide fcLK by 
64 to produce the WR signal. Alternatively, 
if a programmable 
timer/counter 
on a processor board is available, then it will be 
possible to easily divide feLK by 52. 


Reading Data 
Conversion is started in the AD7579/AD7580 
by bringing WR 
low. It is recommended 
that the user wait until conversion is 
complete before reading data. This can be achieved in any of 
the following ways: 


I. Insert a software delay greater than the ADC conversion time 


between the conversion start instruction and the data read 
instructions. 


2. Use the externally available INT signal to interrupt 
the 
microprocessor. 
This is an open drain output which goes low 
at the end of conversion. 


3. On the AD7579, it is possible to interrogate the EOC status 
flag (See Table IV) to determine when conversion is complete. 
Reading may then proceed. 


MC68000 Interface 
Figure 23 shows an interface diagram for the AD7580 and the 
MC68000. The address decoding means that the AD7580 is a 
memory mapped device. For example, if the AD7580 is memory 
mapped as address COOOH, 
then a write instruction 
to this 
address will start a conversion, i.e., 


MOVE.W 
DO COOO 


starts a conversion. When the conversion is complete, the MC68000 
acquires the result by reading from COOOH, 
i.e., 


MOVE.W 
COOO, DO. 


The AD7579, with its (8 + 2) data format, is ideal for use with 
the 8088 microprocessor. 
Figure 24 is the interface diagram. 


Again, a write instruction 
is required to start a conversion and a 
read at the end of conversion reads data into the processor. For 
the 8088 the appropriate 
instructions 
are: 


MOV COOO, AX 
Start a conversion 
MOVAX,COOI 
Read2MSBsofdata 
MOV AX, COOO 
Read 8 LSBs of data 


TMS32020 Interface 
Figure 25 shows the AD7580 to TMS32020 interface. OUTA,PA 
starts a conversion and INA,PA reads data from the ADC when 
conversion is complete. PA is the Port Address. 


AO-A15 
ADDRESS 
BUS 


os 
cs 


RiW 
WR 


TMS32020 
jffi 


AD7580' 


00-015 
DATA 
BUS 
DBa-DB9 


PRINTED 
CIRCUIT 
BOARD LAYOUT 
Figure 26 is a circuit diagram showing the AD7579 or AD7580 
being used to digitize an analog signal. The circuit board contains 
the ADC, reference, and a grid where the user can add additional 
circuitry. 
If the AD7580 is used, then links L6 and L8 should 
be inserted; and if AD7579 is used, L7 should be inserted with 
L6 and L8 omitted. Note that Pins 13 to 23 are not labelled. 
Depending on which ADC is used the function of these pins 
changes. See the Pin Function Description 
section for full 
details. 


Links L I to L5 at the analog input allow the user to choose 
various analog input ranges. With L1, L2 and L3 in place and 
the others omitted, the input range is OV to + 2.5V. Omitting 
L3 allows the user to measure input voltages which have a common- 
mode signal. The OV to + 5V range is achieved by inserting L2, 
L3 and L4 and omitting L1 and L5. With L2, L3 and L5 in 
place and LI, L4 omitted, the Analog input range is - 2.5V to 
+2.5V. 


IC2 (AD580) provides the +2.5V reference for the ADC. All 
the input and output control signals enter and leave the board 
through J I, which can be a Eurocard connector or a standard 
edge connector. 
Resistors RI and R2 are the pull-ups required 
for the ROY and INT open-drain outputs. Note that the complete 
circuit operates from a + 5V power supply. 


The printed circuit board layout is shown in Figures 27 and 28. 
Figure 27 is the component 
side layout and Figure 28 is the 
solder side layout. The component 
overlay is shown in Figure 29.• 


In the layout, the AD580 is kept as close to the AD7579/AD7580 
as possible. The STAR ground point is located at Pin 6 (AGND) 
of the ADC. Pin 12 (DGND), 
reference ground and the analog 
ground plane are connected to this point. 


To ensure optimum performance, 
the AD7579/AD7580 
power 
supply is decoupled with CI and C2. The VREF input to the 
ADC is decoupled with C3 and C4. Note how all the decoupling 
capacitors are placed as close as possible to the ADC. 
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FEATURES 
a-Bit Resolution 
On-Chip a x a Dual.port 
Memory 
No Mined 
Codes Over Full Temperature 
Range 
Interfaces 
Directly 
to Za0/8085/6800 
CMOS, TTL Compatible 
Digital Inputs 
Three-State 
Data Driven 
Ratiometric 
capability 
Interleaved 
DMA Operation 
Fait Conversion 
AID Procell 
Totally 
Transparent 
to ~P 
Low Cost 


GENERAL DESCRIPTION 
The AD7581 is a microprocessor compatible 8 bit, 8 channel, 
memory buffered, data-acquisition system on a monolithic 
CMOS chip. It consists of an 8 bit successive approximation 
AID converter, an 8 channel multiplexer, 8 X 8 dual-port 
RAM, three-state DATA drivers (for interface), address latches 
and microprocessor compatible control logic. The device inter- 
faces directly to 8080, 8085, Z80, 6800 and other micro- 
processor systems. 


The successive approximation conversion takes place on a 
continuous, channel sequencing, basis using microprocessor 
control signals for the clock. Data is automatically transferred 
to its proper location in the 8 X 8 dual-port RAM at the end 
of each conversion. When under microprocessor control, a 
READ DATA operation is allowed at any time for any channel 
since on-chip logic provides interleaved DMA. The facility to 
latch the address inpu IS (Ao - A2) with ALE enables the 
AD7581 to interface with ~P systems which feature either 
shared or separate address and data buses. 


8-Bit, 8-Channel 
DAS 


AD7581 
I 
• 


Typical 
at 
Limit Over 


Parameter 
Version1 
+25'C 
Temperature 
Units 
Conditions/Comments 


ACCURACY 
Resolution 
All 
8 
8 
Bits 
Relative Accuracy 
IN,AQ 
±17/8 
±I 7/8 max 
LSB 
KN,BQ 
±3/4 
±3/4 max 
LSB 
LN,CQ 
±112 
±1I2 max 
LSB 
Differential 
Nonlinearity 
IN,AQ 
±17/8 
±I 7/8 max 
LSB 
KN,BQ 
±7/8 
±7/8 max 
LSB 
LN,CQ 
±3/4 
±3/4 max 
LSB 
Offset Error' 
IN,AQ 
200 
200 max 
mV 
Adjustable 
to zero, See Figure 7a. 


KN,BQ 
80 
80 max 
mV 
LN,CQ 
SO 
SOmax 
mV 
Gain Error 
Worst Channel 
IN,AQ 
±3 
±6max 
LSB 
Adjustable 
to zero, See Figure 7a. 


KN,BQ 
±2 
±4max 
LSB 
Gain Error Is Measured Mter Offset 
LN,CQ 
±I 
±2 max 
LSB 
Calibration. 
Max Full Scale Change 
for Any Channel from + 25'C to 
Tmin or T~ 
Is ±2LSB. 


Gain Match Between Channels 
IN,AQ 
2 
3max 
LSB 
Adjustable 
to zero, See Figure 7a. 


KN,BQ 
I 1/2 
2 max 
LSB 
LN,CQ 
I 
Imax 
LSB 
BOFSGain Error 
All 
-2112 
- 
LSB 


ANALOG 
INPUTS 
Input Resistance 
At VREF (Pin 10) 
All 
10/20/30 
10/20/30 
kG minltyplmax 
At BOFS(Pin I)' 
All 
10/20/30 
10/20/30 
kG minltyp/max 
At Any Analog Input (Pins 2-9) 
All 
10120/30 
10/20/30 
kG minltyplmax 


VREF(For Specified Performance) 
All 
-10 
-10 
V 
±5% 
VREF Range' 
All 
-5 
to -IS 
-5to-15 
V 
Nominal Analog Input Range 
Unipolar Mode 
All 
o to +VREF 
o to +VREF 
V 
See Figure 7 and 8. 


o to -VREF 
o to -VREF 
V 
Bipolar Mode 
All 
- VBoFssVAINSIVREFI- 
VBOFS 
, 
See Figure 9 


DIGITAL 
INPUTS 
CS (pin 13), ALE (pin 16) A" - A2 
(pin 17-19), CLK (Pin IS) 


VINH Logic HIGH Input Voltage 
All 
+2.2 
+2.4 min 
V 
VINL Logic LOW Input Voltage 
All 
+1.2 
+0.8 max 
V 
IIN Input Current 
All 
0.01 
Imax 
ILA 
VIN = OV, Vnn 
CIN Input CapacitanceS 
All 
4 
5max 
pF 


DIGITAL 
OUTPUTS 
STAT (Pin 12), DB, to DBo (Pins 20-27) 
VOH Output 
HIGH Voltage 
All 
+4.8 
+4.5 min 
V 
ISOURCE= 40ILA 
VOL Output 
LOW Voltage 
All 
+0.4 
+0.6 max 
V 
ISINK = 1.6mA 
ILKG DB, to DBo Floating State 
Leakage 
All 
0.3 
10 max 
ILA 
Floating State Output 
Capacitance 


(DB,-DBo) 
All 
5 
10 max 
pF 
VOUT = OV to Vnn 


Output 
Code 
All 
Unipolar Binaty Figure 7 
Complementary 
Binaty Figure 8 
Offset Binaty Figure 9 


POWER 
REQUIREMENTS 
Vnn 
All 
+5 
+5 
V 
Inn - Static 
All 
3 typ 
5max 
mA 
Inn - Dynamic 
All 
3typ 
8max 
mA 
fcLK=IMHz 


NOTES 
ITemperature 
range as follows: IN, KN, 
LN (0 to +70°C); 
AQ, BQ, CQ (-25°C 
to +85°C). 


2Typical offset temperature 
coefficient 
is ±150~VrC. 


3RsOFSIRAIN (~7) mismatch 
causes transfer function rotation about positive 
full scale. The effect is an offset and a gain tenn when using the circuits 


of Figure 8a and Figure 9a. 
"Typical 
value. 
not guaranteed 
or subject to test. 
sGuaranteed but not tested. 
6-J'ypical change 
in BOFS gain from +25<><:to T miD to T mas: is ±2LSBs. 


Specifications 
subject to change without 
notice. 
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AC SPECIFICATIONS 
(Voo = +5Y, YREf= -IOY, 
Unipolar Operation, unless otherwise stated.) 


tH 
tALS 
tALH 
tLCS 
tACC 
tcw 
tcF 


tcLZ 
fCLK 


ALE pulse width 
Address valid to latch set-up time 
Address valid to latch hold time 
Address latch to CS set-up time 
CS to output 
propagation 
delay 


CS pulse width 
CS to output 
float propagation 
delay 
CS to low impedance 
bus 
Clock frequency 
for stated accuracy 


50 
45 
10 
10 
200 
250 
50 
100 
1600 


Limit Over. 
Temperature 


80 min 
ns 
See "Switching 
Terminology" 


70 min 
ns 
20 min 
ns 
20 min 
ns 
250 max 
ns 
CL = 100pF 
280 min 
ns 
80 max 
ns 
150 max 
ns 
1200 maxI 
kHz 


1 Guaranleed 
conversion 
time of 66.6l's/channel 
with 1200kHz 
clock. • 


ABSOLUTE 
MAXIMUM 
RATINGS 


Voo to AGND 
. 


Voo to DGND 
. 


AGND to DGND 
. . . . . . . 


Digital Input Voltage to DGND 


(Pins 13, 1&-19) 
. 


Digital Output Voltage to DGND 
(Pins 12, 2~27) 
. 
CLK (Pin 15) Input Voltage to DGND 
VREF (Pin 10) to AGND 
VOOFS (Pin I) to AGND 
AIN (~7XPin 
9-2) 
. . . 
Operating Temperature Range 
Commercial (J, K, L Versions) 
Industrial (A, B, C Versions) 
. 


Storage Temperature 
. 


Lead Temperature 
(Soldering, 
10000s) 


Power Dissipation (Any Package) 


to + 75°C . . . . . . . . 
Derate above + 75°C by 


. 
+7V 
. 
+7V 
-0.3V, 
Voo 


-O.3V, 
Voo 
+O.3V 
-O.3V, 
Voo 
+O.3V 
±2SV 
±17V 
±17V 


o to +70°C 
- 25°C to + 85°C 
- 65°C to + 150°C 


. 
+300°C 


I,OOOmW 
IOmWrC 


CAUTION 
---------------------------- 
ESD (electrostatic 
discharge) 
sensitive device. The digital control 
inputs 
are diode protect- 
ed; however, permanent 
damage may occur on unconnected 
devices subject to high energy 
electrostatic 
fields. Unused devices must be stored in conductive 
foam or shunts. 
The pro- 
tective foam should be discharged to the destination socket before devices are removed. 


Temperature 
Differential 
Package 
Model 
Range 
Nonlinearity 
(LSB) 
Option* 


AD7S8IJN 
o to +70°C 
±l 
7/8 max 
N-28 
AD7S81KN 
o to +70°C 
±7/8 max 
N-28 
AD7S8ILN 
o to +70°C 
±3/4 max 
N-28 
AD7S8IAQ 
- 25°C to + 85°C 
±I 7/8 max 
Q-28 
AD7S8IBQ 
- 25°C to + 85°C 
±7/8 max 
Q-28 
AD7S81CQ 
-25°C to +8SoC 
±3/4 max 
Q-28 


NOTE 
*N = Plastic DIP; Q = Cerdip. For outline information see Package 
Information 
section. 


BASIC CIRCUIT 
DESCRIPTION 
The AD7581 
accepts eight analog inputs and sequentially 
con- 
verts each input into an eight-bit binary word using the succes- 
sive approximation 
technique. 
The conversion 
results are 
stored in an 8 X 8 bit dual-port 
RAM. The device runs either 
directly from the microprocessor 
clock (in 6800 type systems) 
or from some suitable signal (e.g. ALE in 8085 type systems). 
Most applications 
require only a -10V reference 
and a +5V 
supply. Start-up 
logic is included 
on the device to establish 
tbe correct sequences 
on power-up. 
A maximum 
of 800 clock 
pulses are required 
for this period. Figure 1 shows the AD7581 
functional 
diagram. 


Figure 
1. AD7581 
Functional 
Diagram 


Conversion 
of a single channel requires 80 input clock periods 
and a complete 
scan through 
all channels requires 640 input. 


clock periods. When a channel conversion 
is complete, 
the suc- 
cessive approximation 
register contents 
are loaded into the 
proper channel location 
of the 8 X 8 RAM. At this time a 
status signal output, 
STAT (pin 12), gives a short negative 
going pulse (8 clock periods). 
This negative going STAT pulse 
is extended 
to 72 clock periods when channel 
1 conversion 
is 
complete. 
An external 
pulse-width 
detector 
connected 
to the 
status pin can be used to derive conversion-related 
timing sig- 
nals for microprocessor 
interrupts 
(see Channel Identification 
opposite 
page). Simultaneous 
with STAT going low, the MUX 
address is decremented. 
Eight clock periods later the next con- 
version is started. 


Automatic 
interleaved 
DMA is provided 
by on-chip logic to 
ensure that memory 
updates 
take place at instants 
when the 
microprocessor 
is not addressing memory. 
Memory 
locations 
are addressed 
by Ao, At and A2. This address may be latched 
by ALE for systems which feature a multiplexed 
address/data 
bus or alternatively, 
for systems which have separate 
address 
and data buses, the address latches can be made transparent 
by 
tying ALE (pin 16) HIGH. CS (pin 13) activates three-state 
buffers to place addressed 
data on the DBo - DB7 data out- 
put pins. 


AID CIRCUIT DETAILS 
In the successive approximation 
technique, 
successive bits, 


starting with the most significant 
bit (DB7), are applied to the 
input of the D/A converter. 
The DAC output 
is then compared 
to the unknown 
analog input voltage, AIN (n), using a com- 
parator. 
If the DAC output 
is greater than Am(n), 
the data 
latch for the trial bit is reset to zero, and the next smaller data 
bit is tried. If the DAC output 
is less than AIN(n), the trial 
data bit stays in the "1" state, and the next smaller data bit is 
tried. Each successive bit is tried, compared 
to AIN(n), and set 
or reset in this manner until the least significant 
bit (DBo) 
decision is made. The successive approximation 
register now 
contains 
a valid digital representation 
of AIN(n). AIN(n) is 
assumed to be stable during conversion. 


The current 
weighting D/A converter 
is a precision multiplying 
DAC. Figure 2 shows the functional 
diagram of the DAC as 
used in the AD7581. 
It consists of a precision 
Silicon Chromi- 
um thin film R/2R ladder network 
and 8 N-channel 
MOSFET 
switches operated 
in single-pole-double-throw. 


The currents 
in each 2R shunt arm are binarily weighted 
i.e., 


the current 
in the MSB arm is VREF divided by 2R, in the 
second arm is VREF divided by 4R, etc. Depending 
on the 
D/A logic input (AID output) 
from the successive approxima- 
tion register, the current 
in the individual shunt arms is steered 
either to AcND or to the comparator 
summing point. 


TIMING AND CONTROL 
OF THE AD7581 
CHANNEL SELECTION 
Table I shows the truth table for the address inputs. The input 
address is latched when ALE goes LOW. When ALE is HIGH 
the address input latch is transparent. 


Channel Data 
A2 
Al 
AO 
ALE 
To Be Read 


0 
0 
0 
1 
Channel 0 
0 
0 
1 
1 
Channell 
0 
I 
0 
I 
Channel 2 
0 
I 
I 
I 
Channel 3 
I 
0 
0 
I 
Channel 4 
I 
0 
I 
1 
Channel 5 
I 
1 
0 
1 
Channel 6 
1 
1 
I 
I 
Channel 7 


TIMING AND CONTROL 
A typical timing diagram is shown in Figure 3. When CS is 
HIGH, the three-state 
data drivers are in the high-impedance 
state. When CS goes LOW the data drivers switch to the low- 
impedance 
state (i.e., low impedance 
to DGND or to VOO). 


Output 
data is valid after time tACC. 


SWITCHING TERMINOLOGY 
tH: 
ALE pulse width requirement. 


tALH:Address 
Valid to latch hold time. 


tALS:Address 
Valid to latch set-up time. 


tLCS: Address latch to Chip Select set-up time. 
tcw: 
Chip Select pulse width requirement. 


tAcc:Chip 
Select to valid data propagation 
delay. 


tcF: 
Chip Select to output 
data float propagation 
delay. 
tcLz :Chip Select to low impedance 
data bus. 


CHANNEL IDENTIFICATION 
In some real-time applications, 
it may be necessary to provide 
an interrupt 
signal when a particular 
channel receives updated 
data. To achieve this, it is necessary 
to identify 
which channel 
is currently 
under conversion. 
The STAT output 
provides 
an 


identifying 
signal by staying low for an additional 
64 clock 
periods over normal (8 clock periods) 
when channel 0 is active. 


This is illustrated 
in Figure 4. Memory update 
takes place on a 
rising edge of a clock pulse and is completed 
in 200ns. This 
occurs 6 clock periods before STAT goes low. 
r- 
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One simple circuit using the STAT output 
is shown in Figure 
5. The time constant 
RC is chosen such that Xz ignores the 
normal STAT low pulse width (8 clock periods wide) but 
respond 
to the much wider STAT low pulse width (72 clock 
periods wide) occurring 
during channel 0 conversion. 
Typically 


for a IllS clock period C = O.022IlF, 
R = 1.8kn. 


Figure 5. Hardware Channel Identification 


Another 
possibility 
is to use the microprocessor 
to interrogate 
the STAT output 
and hence determine 
channel identity. 
A 
simple routine 
is shown in Figure 6. 


vnl.cvlJnn. 
pl.nnn.. 
VCE.nnJ.l.vn 
Figures 7a and 7b show the analog circuit connections 
and 
typical transfer characteristic 
for unipolar operation 
(OV to 
+IOV). An ADS84 is used for the -IOV reference. 
Calibration 
is as follows (device clocked i.e., continuous 
conversions); 
OFFSET: 
Comparator 
offset is trimmed out via the bipolar offset pin 
BOFS' RIO, Rll 
and RI2 comprise a simple voltage tap 
buffered by Al and feeding into BOFS' 


1. Since comparator 
offset will be the same regardless of 
which channel is active, take Ao, Al and Az LOW and 
and exercise ALE to latch the address. 


2. With AIN 0; 
I9.SmV (l/2LSB) 
adjust RII, 
i.e., the offset 
voltage on BOFS, until DB7 - DBl are LOW and OBo (LSB) 
flickers. 


NOTES 
'A1. R10. Rl1 
AND R12 CAN BE OMITTED 
IF OFFSET 
TRIM 
IS fr«)T REOUIAEO 
AND 80rs 
CAN BE TIED TO AGNO. 


JAI_RII 
AND R_CAN 
BE OMITTED 
IF GAIN TRIM IS 
NOT REOUIREO. 


Figure 
7a. AD7581 
Unipolar 
(OV to +10V) 
Operation 
(Output 
Code is Straight 
Binary) 


GAIN (FULL SCALE) 
In many applications 
gain adjustment 
is not required 
thus 
removing the need for trimmers in the analog channels. 
For 
channels requiring gain trim, the following procedure 
is recom- 
mended. Offset adjustment 
must be performed 
before gain 
adjustment. 
1. Apply +9.94IV 
(FS - 3I2LSB) to all input channels 
AIN (0-7). 


2. Select required channel n via Ao, Al' 
Az and latch the 
Address using ALE. 
3. Adjust trimmer RN of selected chaQnel until OB7 - OBl 
are HIGH and the LSB (OBo) flickers. 
4. Select next channel requiring gain trim and repeat steps 
2 and 3. 
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INPUT VOLTAGE, VOLTS (REFERRED 
TO ANALOG GROUND) 


NOTE: 
APPROXIMATE 
BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 
BIT WEIGHT FOR A -lOV 
REFERENCE IS"39.1mV. 


Figure 
7b. Transfer 
Characteristic 
for 
Unipolar 
Circuit 
of 
Figure 
7a 


UNIPOLAR (COMPLEMENTARY 
BINARY) OPERATION 
Figures 8a and 8b show the analog circuit connections 
and 
typical transfer characteristic 
for unipolar (complementary 


binary) operation. 
Calibration 
is as follows (continuous 
conversions); 


OFFSET: 
Comparator 
offset is trimmed out via the bipolar offset pin 
BOFS' RIO, RII 
and RI2 comprise a simple voltage tap buf- 
fered by Al and feeding into BOFS' 


1. Since comparator 
offset will be the same regardless of 
which channel is active, take Ao, Al and Az LOW and 
exercise ALE to latch the address. 


2. With AIN 0; 
-9.98V (-FS + 1I2LSB) adjust Rll, 
i.e., the 
offset voltage on BOFS, until DB7 - OBl are LOW and the 
LSB (OBo) flickers. 
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NOTES: 
SUPPLY 
RETURN 
SUPPLY 
RETURN 


I R10. 
R11 
AND 
R12 
CAN 
BE OMITTED 
IF OFFSET 
TRIM 
IS NOT 
REOUIRED. 
zRl 
• R8 AND 
R9 CAN 
BE OMITTED 
IF GAIN 
TRIM 
IS NOT 
REOUIREO. 
3R161R10/R12_5kO.IF 
R10. 
Rll 
AND 
R12 
ARE 
NOT 
USED, 
MAKE 
Rle-5kn. 


Figure 
Sa. AD7581 
(OV to -10V) 
Operation 
(Output 
Code 
is Complementary 
Binary) 


111many 
appucaoons 
gaIn aOJus(men( 
IS nOt requuea 
tnus 
removing the need for trimmers in the analog channels. 
For 
channels requiring gain trim. the following procedure 
is recom- 
mended. Offset adjustment 
must be performed 
before gain 
adjustment. 


1) Apply -S8.6mV 
(3/2LSB) to all input channels AIN (0-7). 


2) Select required channel n via Ao. AI> A2 and exercise ALE 
to latch the address. 


3) Adjust trimmer 
RN of selected channel until DB7 - OBI are 
HIGH and the LSB (DBo) flickers. 


4) Select next channel requiring gain trim and repeat step 2 
and 3. 
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INPUT VOL TAGE, VOLTS (REFERRED 
TO ANALOG 
GROUND) 


NOTE: 
APPROXIMATE 
BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 


BIT WEIGHT FOR A -1OV REFERENCE 
IS •• 39.1mV. 


Figure 8b. Transfer Characteristic for Unipolar Circuit of 
Figure8a 


BIPOLAR (OFFSET 
BINARY) OPERATION 
Figures 9a and 9b illustrate 
the analog circuitry 
and transfer 
characteristic 
for ±SV bipolar operation. 
Output 
coding is off- 
set binary. Comparator 
offset correction 
is again applied to the 
BOFS pin. 


Calibration 
is as follows (continuous 
conversions); 


OFFSET: 
1. Apply -4.980V 
(-FS/2 
+ 1I2LSB) to all input channels 
AIN (0-7). 


2. Trim Rll 
of the comparator 
offset circuit until DB, - DBl 
are LOW and the LSB (0 Bo) flickers. 


GAIN (FULL SCALE) 
1. Apply +4.941V 
(+FS/2 
-3I2LSB) 
to all input channels. 


AIN (0-7). 


2. Select required 
channel n via Ao. Al. A2. and latch the 
address usin\( ALE. 


3. Adjust trimmer 
RN'of selected channel until DB, - DBl 
are HIGH and the LSB (DBo) flickers. 


~ ana:l. 


5. Apply -19.SmV 
to each gain-trimmed 
channel. 
If the ADC 
output 
code does not flicker between 
01111111 
and 
10000000 
repeat the calibration 
procedure. 
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DIGITAL 
NOTES: 
SUPI'l Y RETURN 


'Rl0. 
Rll 
AND R12CAN BE OMITTED IF OFFSET TRIM IS NOT REOUIREO. 


'Rl 
- R8AND RiCAN 
BE OMITTED IF GAIN TRIM IS NOT REOUIREO. 
'Rl81Rl0/R12- 
8.8kn.IF 
Rl0. Rl1 AND'Rl2 ARE NOT USED. MAKE R18· 
8.8kn. 


Figure 9a. AD7581 Bipolar (-5V to +5V) Operation (Output 
Code is Offset Binary) 


INPUT VOLTAGE, 
MilliVOLTS 
(REFER REO TO ANALOG 
GROUNO) 


NOTE: 
APPROXIMATE 
BfT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 


BfT WEIGHT FOR lOV FUU SCALE IS - 
J9.1mV. 


Figure 9b. Transfer Characteristic Around Major Carry for 
Bipolar Circuit of Figure 9a 


NOTES: 
1. ANALOG AND DIGITAL GROUND 
It is recommended 
that AcND and DGND be connected 
locally to prevent 
the possibility 
of injecting noise into the 
AD7581. 
In systems where the AcND - DGND interrie is 
not local, connect 
back-to-back 
diodes (lN914 
or equiv- 
alent) between 
the AD7581 
AGND and DGND pins. 


Figure 11. AD758118085 Interface 


2. LOGIC DEGLITCHING 
IN p.P APPLICATIONS 
Unspecified 
states on the address bus (due to different 
rise 
and fall times on the address bus) can cause glitches at the 
AD7581 
CS terminal. 
These glitches can cause unwanted 
reads. The best way to avoid glitches is to gate the address 
decoding logic, e.g., with RD (8080), 
RD (8085) 
or VMA 
(6800). 
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WDEVICES 
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FEATURES 
12-Bit Successive Approximation 
ADC 
Four High Impedance Input Channels 
Analog Input Voltage Range of 0 to +SV with Positive 
Reference of + SV 
Conversion Time of 100•.•.s per Channel 
No Missed Codes Over Full Temperature Range 
Low Total Unadjusted Error ± 1LSB max 
Autozero Cycle for Low Offset Voltage 
Monolithic Construction 


GENERAL 
DESCRIPTION 
The AD7582 is a medium speed, 4-channel 12-bit CMOS AID 
converter which uses the successive approximation 
technique to 
provide a conversion time of l00f.Lsper channel. An auto-zero 
cycle occurs at the start of each conversion resulting in very low 
system offset voltages, typically less than 1OOf.L 
V. The device is 
designed for easy microprocessor interface using standard control 
signals; CS (decoded device address), RD (READ) and WR 
(WRITE). 
The 4-channel input multiplexer is controlled via 
address inputs AO and AI. 


Conversion results are available in two bytes, 8LSB's and 4MSB's, 
over an 8-bit three state output bus. Either byte can be read 
ftrst. Two converter busy flags are available to facilitate polling 
of the converter's 
status. 


The analog input voltage range is OV to + 5V when using a 
reference voltage of + 5V. The four analog inputs are all high 
impedance inputs with tight channel-to-channel 
matching- 
typically O.ILSBs. 


CMOS 12-Bit 
Successive Approximation ADC 


AD7582 
I• 


PRODUCT 
HIGHLIGHTS 
1. The AD7582 is a complete 4 channel 12-bit AID converter in 
either a 28-pin DIP or 28-terminal surface mount package 
requiring only a few passive components 
and a voltage 
reference. 
2. Autozero cycle realizes very low offset voltages, typically 


l00f.LV. 


3. The four channel input multiplexer (user addressable) features 
high input impedance and excellent channel-to-channel 
matching. 
4. Standard microprocessor 
control signals to allow easy inter- 
facing to most popular 8- and 16-bit microprocessors. 


AD7582 -SPECIFICATIONS 
(Voo= +ISV, Vcc = +SV, Vss= -sv, 
VREf= +s.ov 
fCLK = 140kHz external, 


all specifications TMIN to TMAX unless otherwise noted) 


Parameter 
KVenion1 
BVenion1 
TVenionl 
Units 
ConditionoiComments 


ACCURACY 
Resolution 
12 
12 
12 
Bits 
Total Unadjusted Error 
:!:I 
:!:I 
:!:I 
LSBmax 
AUcbannels, AIN~AIN3 
Differential Nonlinearity 
:!:I 
:!:I 
:!:I 
LSBmax 
No missing codes guannteed 
Full Scale Error (Gain Error) 
:!:1/4 
:!:1/4 
:!:1/4 
LSBmax 
AUchannels, AIN~AIN3 
FuU Scale TC is typically 5ppm?C 
Offset Error 
:!:1/4 
:!:1/4 
:!:1/4 
LSBmax 
All cbannels, AIN~AIN3 
Offset Error TC is typically 5ppmrC 
Cbannel to Channel Mismatcb 
+1/4 
+ 1/4 
+ 1/4 
LSBmax 


ANALOG INPUTS 
Analog Input Range 
Oto +5 
Oto +5 
Oto +5 
V 
VREF= +S.OV 
CAIN,On Channel Input CapscitaDce 
8 
8 
8 
pFtyp 
lAIN,Input Leakage Current 
AIN~AIN3;Oto 
+SV 
+2SoC 
10 
10 
10 
RAmax 


TmintoTmu: 
100 
100 
100 
RAmax 


REFERENCE 
INPUT 


VREF(For Specified Performance) 
+S 
+S 
+S 
V 
:!:S% 


VREFRange 
+4to 
+6 
+4to 
+6 
+4to 
+6 
V 
Degraded transfer accuracy 


VREF Input Reference Current 
1.0 
1.0 
1.0 
mAmax 
VREF= +5.0V 


POWER SUPPLY REJECTION 
VooOnly 
:!:1/8 
:!:1/8 
:!:1/8 
LSBtyp 
Voo= 
+ 14.2SVto + IS.7SV 
Vss= -SV 
VssOnly 
:!:1/8 
:!:1/8 
:!:1/8 
LSBtyp 
Vss= -4.75Vto 
-S.2SV 
Voo= 
+15V 


LOGIC INPUTS 
RD(Pin 
18),CS(Pin 
19), WR (Pin 20) 


BYSL(Pin21), 
AO(Pin24), AI (Pin2S) 
VILInput Low Voltage 
+0.8 
+0.8 
+0.8 
Vmax 
Vc£=+SV:!:S% 


V1HInput Higb Voltage 
+2.4 
+2.4 
+2.4 
Vmin 


IIN Input Current 
+2SoC 
:!:I 
:!:I 
:!:I 
,.Amax 
VIN=OtoVc£ 
Tmin to Tmu: 
+10 
+10 
+10 
ILAmax 
eINInput Capacitance) 
10 
10 
10 
pFmax 
CLK(Pin23) 


V1L,Input Low Voltage 
+0.8 
+0.8 
+0.8 
Vmax 
Vc£=+SV:!:S% 
V1H,Input High Voltage 
+3.0 
+3.0 
+3.0 
Vmin 
IlL' Input Low Current 
:!:10 
:!:IO 
:!:IO 
,.Amax 
1m, Input High Current 
+1.5 
+1.5 
+I.S 
mAmax 


LOGIC OUTPUTS 
DB~DB7(Pins 
1~17),BUSY(Pin22)' 
VOL' OUlput Low Voltage 
+0.4 
+0.4 
+0.4 
Vmax 
Vc£~ +SV :!:S%,IsINK= 1.6mA4 
VOH'Output High Voltage 
+4.0 
+4.0 
+4.0 
Vmin 
Vc£= +SV :!:S%,ISOURCE=200,.A 
Floating State Leakage Current 


(Pins 1~17) 
:!:I 
:!:I 
:!:I 
,.Amax 
VOlTI'~OVto Vc£ 


Floating State Output Capacitance 
IS 
IS 
IS 
pFmax 


CONVERSION 
TIME' 
With External Clock 
100 
100 
100 
JoLsmin 
fcuc = 140kHz 
With Internal Clock, TA= + 2SoC 
100/lSO 
lOO/lSO 
100/lSO 
ILSminimax 
Using recommended clock components 
as shown in Figure 6. 


POWER REQUIREMENTS· 
Voo 
+ 15 
+IS 
+IS 
V NOM 
:!:S%for specified performance 


Vss 
-S 
-S 
-S 
V NOM 
:!:S%for specified performance 
Vc£ 
+5 
+S 
+S 
VNOM 
:!:S%for specified performance 
100 
7.5 
7.S 
7.5 
mAmax 
Typically4mAwith 
Voo= 
+ ISV 
Iss 
7.S 
7.S 
7.S 
mAmax 
Typically 3mA with Vss = - SV 


~ 
100 
100 
100 
,.Atyp 
VIN=VILorVlH 
1.0 
1.0 
1.0 
mAmax 
Power Dissipation 
7S 
7S 
7S 
mWtyp 
WR=RD= 
CS= BUSY= LogicHIGH 


NOTES 
'Temperarure 
Ransc as follows: KVemODjOto 
+70"C 


BVersioD; -2SOCto 
+85"C 


TVersioDj -55"<:to+ 
125DC 


2Includes Full Scale Error. Offset Error and Relative Accuracy. 
lSample tested to ensure compliance. 
4IsiNK for BUSY (pin 22) is 1.0 milliamp. 
~CoDversion Time includes autozero cycle time. 
C1Powersupply CUlTeDt ismeasured when AD7582 is inactive i.e., WR:: RD:: CS:: BUSY:: LogIc HIGH. 


Specifications 
subject to change without notice. 


TIMING SPECIFICATIONS1 
(Villi= + 15V,vee= + 5v,vss = -5V, vREF= +5Vl 


LimiUt 
+25"C 
LimitatT 
•••••••T ••••• 
Limit at T miD, T ••••• 
Parameter 
(All Grades) 
(K & B Grades) 
(TGrade) 
Units 
CoDmtioD~CoDUDeDts 


tl 
0 
0 
0 
nstnin 
CS to WR Setup Time 
t2(INT)2 
200 
240 
280 
nstnin 
WR Pulse Width (Internal Clock Opetation) 


t2(EXTi 
10 
10 
10 
f.Lstnin 
WR Pulse Width (External Clock Operation) 
t3 
0 
0 
0 
nstnin 
CS to WR Hold Time 
4 
130 
160 
200 
nstyp 
200 
250 
300 
nsmax 
WR to BUSY Propagation Delay 
ts 
0 
0 
0 
nstnin 
AO,Al Valid to WR Setup Time 
4 
20 
20 
20 
nstnin 
AO,Al Valid to WR Hold Time 
t7 
0 
0 
0 
nstnin 
BUSY to CS Setup Time 
ts 
0 
0 
0 
nstnin 
CS to RD Setup Time 


19 
200 
240 
280 
nstnin 
RD Pulse Width 
tlO 
0 
0 
0 
nstnin 
CS to RD Hold Time 
tl1 
50 
50 
50 
nstnin 
BYSL to RD Setup Time 
t12 
0 
0 
0 
nstnin 
BYSL to RD Hold Time 
t133 
150 
180 
200 
nstyp 
200 
240 
280 
nsmax 
RD to Valid Data (Bus Access Time) 


t,: 
20 
20 
20 
nstnin 
RD to Three State Output 
130 
160 
180 
nsmax 
(Bus Relinquish Time) 


• 


NOTES 
'Timing 
Specifications 
are sample 
lesled 
al + 25"<: 10 ensure 
compliance. 
All inpul 
control 
signals 
are 
specified 
with l, ~ I, ~ 20ns (10% 10 90% of + 5V) and timed 
from a voltage 
level of + 1.6Y. 
Data is timed 
from 


VIH) V1Lor VOHJ VOL- 
'When 
using an exlernal 
clock source 
the WR pulse width 
must be exlended 
10 provide 
the minimum 
auto-zero cycle time of 10J.LS. See "External Qoclt Operation". 
'I" 
is measured 
with the load circuits 
of Figure 
3 and dermed 
as the time required 
for an outpUIIO 
cross O.8Y or 2.4Y. 


·I,.is 
dermedas 
the time required 
for the data lines 
10 chanseO.5Y 
when 
loaded 
with the circuilsofFigure 
4. 


Specifications 
subject 
to change 
without 
notice. 


t, 
t, 


t, 


~ 
\ 
BUSY IPiN 221.e 


t. 
I 


AO. AI 
---~-~v·1..P7777777 


(PINS 24,Z5) 
~ 


DBNIT 
" 
~ 
tOOpF 


OOND 


!" 
DBNT 


~'00PF 


DGND 
DBN-r-I: 


~3k 
.. 
~tOPF 


DGND 


sv 
~" 
DBN+ 


10pF 


JOGND 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(T. ~ + 25"Cunless otherwise stated) 


Vooto 
DGND 
. 


Vss to DGND 
.. 
AGND to DGND 
Vccto 
DGND 
VREF to AGND 
. 


AIN (0-3) to AGND 
Digital Input Voltage to DGND 


(Pins 18-21,23-25) 
..... 


Digital Output Voltage to DGND 


(Pins 10-17, 22) . . . . . . . . 


. ... 
-O.3V, 
+17V 
+0.3V, 
-7V 
-0.3V, 
VREF 
+0.3V 
-0.3V, 
Voo 
+0.3V 
-0.3V, 
Voo 
+0.3V 
-0.3V, 
Voo 
+0.3V 


Operating Temperature 
Range 
Commercial (K Version) 
Industrial (B Version) . 
Extended (T Version) .. 
Storage Temperature 
Lead Temperature 
(Soldering, 
10secs) 


Power Dissipation (any Package) 


to + 75°C . . . . . . . . 
Derate above + 75°C by 


... 
Oto +700C 
- 25°C to + 85°C 
- 55°C to + 125°C 
-65°C 
to + 150°C 
+ 300°C 


I,OOOmW 
10mWrC 


·Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. 
Exposure 
to absolute maximum 
rating 
conditions 
for extended 
periods may affect device reliability. 


CAUTION 
ESD (electrostatic 
discharge) 
sensIUve device. 
The 
digital control 
inputs 
are diode protect- 
ed; however, 
permanent 
damage may occur on unconnected 
devices subject 
to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


Total 
Unadjusted 
Temperature 
Error 
Package 
Moder> 
Range 
TMIN-TMAX 
Option3 


AD7582KN 
O°Cto + 70°C 
±ILSB 
N-28 
AD7582BD 
- 25°C to + 85°C 
±ILSB 
D-28 
AD7582TD 
- 55°Cto + 125°C 
±ILSB 
D-28 
AD7582KP 
O°Cto + 70°C 
±ILSB 
P-28A 


NOTES 


IAnalog Devices reserves the right to ship either ceramic (D-28) or cerdip 
(Q-28) hermetic packages. 
'To order MIL-STD-883, 
Class B processed parts, add /883B to part 


number. Contact your local sales office for military data sheet. 
3D = Ceramic nIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. 
For outline information see Package Information section. 


PIN CONFIGURATIONS 
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TOP VIEW 
INottoSa.} 


DB7 


DB6 
11 
19 cs 


12 
13 ,. ,. 
18 
17 
18 


ill :i 8 
Ii! !i ~ lfi 
Q 
Q 
Q 


Ne •• NO CONNECT 
8 


Viii 


DB7 
cs 


liD 


DB5 
DBO (lSBI 


054 
DB1 


DB3 
DB2 


PIN FUNCTION 
DESCRIPTION 
PIN 
MNEMONIC 
DESCRIPTION 


I 
CAZ 
Autozero Capacitor Input. Connect other side of capacitor to AGND. 


2 
AIN 0 
Analog Input, channel 0 


3 
AIN I 
Analog Input, channell 


4 
AIN 2 
Analog Input, channel 2 


5 
AIN 3 
Analog Input, channel 3 
6 
VREF 
Voltage reference input. The AD7582 is specified with VREF = + 5.OV. 


7 
AGND 
Analog Ground 


8 
DGND 
Digital Ground 


9 
Vcc 
Logic Supply. For Vcc = + 5V digital inputs and outputs are TfL 
compatible. 


10-17 
Three state data outputs. They become active when CS & RD are brought low. Individual pin function 
is dependent upon the Byte Select (BYSL) input. 


DATABUSOUTPUT,CS&RD 
= LOW 


BUSY 


CLK 


N/C 


Vss 
VDD 


• 


BYSL = HIGH 
BYSL=LOW 


Pin 10 
BUSY' 
DB7 


Pin II 
LOW2 
DB6 


Pin 12 
LOW2 
DB5 


Pin 13 
LOW2 
DB4 


Pin 14 
DB 11(MSB) 
DB3 


Pin 15 
DB10 
DB2 


Pin 16 
DB9 
DBI 


Pin 17 
DB8 
DBO(LSB) 


'BUSY (Pin 10)is • converter status flag and is HIGH during. conversion. 
'Pins 11-13oulpu, • logic LOW when BYSL is HIGH. 
oBII-oBO 
are the 12-bi. conversion resul.s, OBI I is the MSB. 


READ input. This active LOW signal, in combination with CS, is used to enable the output data three- 
state drivers. 


CHIP SELECT Input. Decoded device address, active LOW. Used in combination with either RD or 
WR for control. 


WRITE Input. This active LOW signal, in combination with CS, is used to start a new conversion on a selected 
channel. When the AD7582 internal clock is used, the minimum WR pulse width is t2 (INT). When an external 
clock source is used, the minimum WR pulse width must be extended to include the autozero cycle time. 
For external clock operation, the minimum WR pulse width is t2 (EXT). 


BYTE SELECT. This control input determines whether the high or low byte of data is placed on the output data 
bus during a data READ operation (CS & RD LOW). See description of pins 10-17. 


BUSY indicates converter status. BUSY is LOW during conversion, otherwise BUSY is held at a logic HIGH. 


CLOCK Input for internal/external clock operation. 


Internal: Connect Rcr.K and CcLKI/CcLK2timing components. See Figure 6 and Figure 7. 
External: Connect external 74HC compatible clock source as shown in Figure 8. 


Address Input AO. See pin 25 description. 


Address Input AI. Address inputs AO and Al select the input channel to be converted. The address input 
latch is transparent when CS & WR are LOW. The address inputs are latched by WR returning HIGH. 
Al 
AO 
CHANNEL 
SELECTED 


0 
0 
AINO 
0 
I 
AINI 
I 
0 
AIN2 
1 
1 
AIN3 
No connect pin. 


Negative supply, - 5V. 


Positivesupply, 
+ 15V. 


OPERATIONAL 
DIAGRAM 
An operational diagram for the AD7582 is shown in Figure 5. 
The only passive components required are the autozero capacitor 
CAZ and timing components RcLK, CcLKI & CCLK2for the 
internal clock oscillator. If the AD7582 is to be used with an 
external clock source, then only CAZ is required. Individual pin 
functions are described in detail on the previous page. 


ANALOG 
INPUTS 


OTo 
+5V. 


REFERRED 
TO 
AGND 


~~~~~~ 
~, .."' 
I 


560" 


jlP 
CONTROl 
INPUTS 


2:-1N914 
DCND 


INTERNAL 
CLOCK 
OPERATION 
The clock circuitry for internal clock operation is shown in 
Figure 6 and the AD7582 operating waveforms are shown in 
Figure 7. 
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autozero cycle. When WR goes LOW (with CS LOW) to start a 
new conversion, the input multiplexer is switched to the selected 
channel N, via address inputs AO, AI. The autozero capacitor 
CAZ now charges to AIN N-Vas 
where Vas is the input offset 
voltage of the autozero comparator. 


A minimum time of lOlLSis required for this autozero cycle. In 
applications using the internal clock oscillator, it is not necessary 
for WR to remain LOW for this period of time since it is auto- 
matically provided by the AD7582. This is achieved by switching 
a constant current load across the clock capacitors, CcLKl and 
CcLKl, causing the voltage at the CLK input pin to slowly 
decay from Vcc. This occurs after WR returns HIGH; WR 
returning 
HIGH also latches the multiplexer address inputs AO, 


Al (see Figure 7). The Schmitt trigger circuit monitoring the 
voltage on the CLK input ends the autozero cycle when its 
LOW input trigger level is reached. At this point, the constant 
current load across the clock capacitors is removed allowing 
them to charge towards Vcc via RcLK' When the voltage at the 
CLK input reaches the HIGH trigger level, the constant current 
load is replaced across CcLKl and CCLK2'The MSB decision is 
made when the LOW trigger level is reached. This cycle repeats 
itself 12 times to provide 12 clock pulses for the conversion 
cycle. The circuit arrangement of Figure 6 provides the relatively 
slow autozero cycle time at the beginning of a conversion while 
allowing the clock oscillator to speed up once the autozero cycle 
is complete. 


EXTERNAL 
CLOCK 
OPERATION 
For external clock operation RcLK, CcLKI and CcLKl are discarded 
and the CLK input is driven from a 74HC compatible clock 
source. The mark/space ratio of the external clock can vary 
from 40/60 to 60/40. The AD7582 WR pulse width must now 
be extended to provide the minimum autozero cycle time of 
lOlLSsince this is no longer provided automatically by the AD7582. 
Referring to the operating waveforms of Figure 9, the minimum 
WR pulse width when using an external clock source is t2 (EXT). 
Multiplexer address inputs AOand AI, in addition to the CS 
input must now remain valid for the external WR pulse width. 
One approach to stretching the available ILPsignals is shown in 
the general 8-bit ILPinterface circuit of Figure 20. It is not 
necessary to synchronize the external clock source with the 
extended WR pulse width, the MSB decision being made on the 
second falling edge of the clock input after the WR input returns 
HIGH. 
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READING 
DATA 
The l2-bit conversion data plus a convener status flag are available 
over an 8-bit wide data bus. Data is transferred from the AD7582 
in right-justified 
fonnat (i.e., the LSB is the most right-hand 
bit 
in a l6-bit word). Two READ operations are required, 
the Byte 
Select (BYSL) input detennining 
which byte-8 least significant 
bits or 4 most significant bits plus status flag-is to be read first. 


Since the AD7582 uses the successive approximation 
register 
(SAR) to hold conversion results (refer to Functional Diagram), 
it is necessary to wait until a conversion is finished before reading 
valid l2-bit data. Executing a READ instruction (HIGH or 
LOW byte) to the AD7582 while a conversion is in progress 
will place the existing contents of the SAR onto the data bus. 
Three different approaches can ensure valid l2-bit data is available 
for reading. 


1. Insen a software delay greater than the ADC conversion time 
between the conversion start instruction and the data read 
instructions. 


2. At user-defined intervals after a conversion start instruction, 
poll the internal converter status flag, BUSY. This signal is 
available on pin 10 during a HIGH byte READ instruction 
and is the most left-hand bit in a l6-bit right-justified 
word. 
The status bit can be shifted into a microprocessor's 
ac- 
cumulator-carry 
position for testing (BUSY is HIGH during 
conversion). 


3. Use the externally available BUSY (pin 22) signal as an interrupt 
to the microprocessor. 
This signal is LOW during a conversion 
and returns HIGH at conversion end. 


Executing a WRITE instruction while conversion is in progress 
will restart the conversion. 


COMPONENT 
SELECTION 
1. Autozero Capacitor, CAZ 
The autozero capacitor must be a low leakage, low dielectric 
absorption type such as polystyrene, 
polypropylene 
or teflon. 
To minimize noise connect the outside foil of CAZ to AGND 
(pin 7), the analog system ground. CAZ should be 2,200pF. 


2. Oock Oscillator Components, 
Ra.K, Ccucl 
and CcLK2 
Oock pulses are generated by the action of series connected 
capacitors, Ccucl and CcLK2 charging through an external 
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resistor Ra.K and discharging through an internal switch. 
Nominal conversion time versus temperature 
for the recom- 
mended Ra.K and CcLKI/CcLK2 combination is shown in 
Figure 10. Due to process variations, the acrual operating 
frequency for this Ra.K and CcLKI/CcLK2 combination 
can 
vary from device to device by up to 20%. For this reason, 
Analog Devices recommends using an external clock in the 
following situations: 


a. Applications requiring a conversion time which is within 
20% of 100",s, the minimum conversion time for specified 
accuracy (a 140kHz clock frequency gives a lOOjloScon- 
version time). 


b. Applications which cannot accommodate conversion time 
differences which may occur due to unit clock frequency 
variations or temperature 
variations. 


It is possible to replace the flxed Rcr.K resistor with a 
50k potentiometer 
in series with a fIxed 22k{} resistor to 
allow individual adjustment 
of internal clock frequency in 
applications where lOO",sconversion times are required. 
Reducing the value of RcLK from 56k to 47k decreases 
the conversion time by typically l5j1oS. 
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Figure 
10. Typical 
Conversion 
Time vs. Temperature 
Using 
Internal 
Clock 


APPLYING 
THE AD7582 
The high input impedance of the analog channels, AIN~AIN3, 
allows simple analog interfacing. 
Zero to + SV signal sources 
can be connected directly to the analog input channels without 
additional buffering for source impedances up to SkO (see Figure 
11). The input/output 
transfer characteristic and transition points 
for this input signal range are shown in Figure 12 and Table I 
respectively. The designed transition points on the AD7S82 
transfer characteristic occur on integer multiples of ILSB. The 
output code is Natural Binary with ILSB = (F.S.) (114096) = 
(S/4096)V 
= 1.22mV. 


Figure 
12. Ideal Input/Output 
Transfer 
Characteristic 
for 
Unipolar 
Circuit 
of Figure 
11 


Analog Input, Volts 
Digital Output 


0.00122 
000 001 
" 0.00244 
l. 000 010 
l. 
12.49878 
I 
011 111 I 


2.5סס OO 
100 000 
2.50122 
100001 
T 4.99756 
I111 110 
T 
4.99878 
111 III 


Signal ranges other than 0 to + SV are easily accommodated 
by 
using resistor divider networks to produce 0 to + SV signal 
ranges at the AD7S82 input pins. Figure 13 shows a divider 
network on channel 0 to allow an AIN 0 signal range of 0 to 
+ 10V. The input resistors must be selected to match within 
0.01% and should be the same type and from the same man- 
ufacturer so that their temperature 
coefficients match. Note that 
since the source impedance has not been included in the resistor 
divider ratio, it must now be as low as possible. For Figure 13 
with a source impedance of 0.50 the maximum error across the 
network is approximately O.SLSB. The LSB size is (F.S.X1I4096) 
= (IO/4096)V 
= 2.44mV. 


-ADomONAL 
PINS OMITTED FOR CLARITY, 


ONLY CHANNEL 0 SHOWN 


Figure 
13. Unipolar a to + 10V Operation 


Bipolar signal ranges of - 5V to + SV are accommodated by 
referencing the resistor divider network to VREF as shown in 
Figure 14 for channel O. With the resistor values shown, the 
signal source must be capable of sinking O.SmA. The input/output 
transfer characteristic and transition points for this ±SV signal 
range are shown in Figure IS and Table II respectively. The 
output code is Offset Binary with an LSB size of (F.S.X1l4096) 
= (IOI4096)V = 2.44mV. 


With an analog input (Vs) of -1.22m V, the input offset voltage 
of Al should be adjusted until the ADC output flickers between 
01111111 
1111 and 1000סס ooסס oo. Alternatively the -1I2LSB 
signal offset can be included in the signal conditioning elec- 
tronics. 


Figure 
15. Ideal Input/Output 
Transfer 
Characteristic 
for 
Bipolar 
Circuit 
of Figure 
14 


Ana1oglnput, 
Volts 


-4.99878 
" -4.99634 
1 


-0.00122 
+0.00122 
I 


+4.99389 
_ +4.99634 


Djptal Output 
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Power Supply Decoupling: 
All power supplies to the AD7582 
should be bypassed with either IOILFtantulwn or electrolytic 
capacitors. To ensure good high frequency performance, each 
capacitor should be bypassed with an O.OIILFdisc ceramic 
capacitor. All capacitors should be placed as close as possible to 
the AD7582. 


Reference 
Circuit: 
Figure 16 shows how to configure an 
AD584LH 
to produce a reference voltage of 5.OOV.R2 provides 
a typical adjustment 
range of ±75mV. 
The AD584LH will 
contribute -less than 1LSB of gain error over the commercial 
temperature 
range. 


Transient 
currents flow at the VREF input during a conversion. 
To avoid dynamic errors place a O.OIILFdisc ceramic from the 
VREF pin to AGND. 


Proper Layout: 
Layout for a printed circuit board should ensure 
that digital and analog signal lines are separated as much as 
possible. In particular, care should be taken not to run any 
digital track alongside an analog signal track or close to the 
autozero capacitor. The analog inputs, the reference input and 
the autozero input should be screened by AGND. 


A single point analog ground separate from the logic system 
ground should be established at pin 7 (AGND) or as close as 
possible to the AD7582. This single point analog ground should 
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be connected to the digital system ground, to which pin 8 (DGND) 
is connected, at one point only and as close to the AD7582 as 
possible. The autozero capacitor, bypass capacitors for the refer- 
ence input and the analog supplies, AIN commons and any 
input signal screening should be returned to the analog ground 
point. Low impedance analog and digital power supply common 
returns are essential to low noise operation of the ADC and the 
foil width for these tracks should be as wide as possible. 


Noise: 
Input signal leads to AIN 0-3 and signal return leads 
from AGND (pin 7) should be kept as short as possible to minimize 
input noise coupling. In applications where this is not possible, 
a shielded cable between source and ADC is recommended. 
Also since any potential difference in grounds between the signal 
source and ADC appears as an error voltage in series with the 
input signal, attention should be paid to reducing the ground 
circuit impedances as much as possible. 


In applications where the AD7582 data outputs are connected to 
a continuously busy (and noisy) microprocessor bus it is possible 
to get LSB errors in conversion results. These errors are due to 
feedthrough 
from the microprocessor bus to the autozero com- 
parator. The problem exists only for ceramic package versions 
of the AD7582, the electrically isolated metal lid acting like a 
conductor 
to distribute 
the digital noise around the package. 


Grounding the lid to DGND eliminates this problem. Alternatively 
the AD7582 can be isolated from the microprocessor bus by 
means of three-state buffers. 


MICROPROCESSOR 
INTERFACING 
When the AD7582 is used with its own internal clock oscillator, 
microprocessor 
interfacing is straightforward 
and requires at 
most a few external gates (see Figures 
17 through 
19,21 and 
22). When the AD7582 is used with an external clock source, 
additional circuitry is required to extend the ILPcontrol signals 
(see Figure 20). 


MC6800, MC6809 and 6502 MICROPROCESSORS 
A typical interface to the AD7582 with any of the above micro- 
processors is shown in Figure 17. The decoder can be enabled 
high using VMA in 6800 systems or enabled low by NOR'ing 
"'0 and "'2 in 6502 systems or by NOR'ing 
E and Q in 6809 
systems. Address lines AO, AI, and A2 of the 6800 have been 
tied to AO, Al and BYSL respectively of the AD7582. Assuming 
the AD7582 is assigned a memory block starting at address 
8000H, the input multiplexer 
is addressed as follows: 


8000H 
Channel 0 
8oo1H 
Channell 
8oo2H 
Channel 2 
8oo3H 
Channel 3 


A write instruction to one of these addresses will start a conversion 
of the selected channel. To read the conversion results, it is 
necessary only to bring control inputs CS and RD low. The 
BYSL input (tied to A2 of the ILP)determines 
whether the data 
high or low byte is placed onto the 8-bit data bus. A read instruction 
to anyone 
of the previous channel addresses will result in the 
low byte of data being transferred 
to the ILP(BYSL = Low). 


Similarly a read instruction 
to any address having A2 HIGH 
and within the assigned memory block, e.g., 8004H, transfers 
the high byte of data to the ILP. The converter status flag BUSY 
can be polled at intervals to check whether the present conversion 
has finished and valid l2-bit data is available. This is accomplished 
by the following instructions 
on the 6800: 


LDA 
A 
$8004 
Load Flag from AD7582 
ASL 
A 
Shift Flag into Carry 
BCC 
FETCH 
Branch to Data Fetch 
Subroutine if BUSY is LOW 


808SA, Z80 MICROPROCESSORS 
A typical interface to either of these microprocessors 
is shown in 
Figure 18. Not shown in the figure is the 8-bit latch required to 
demultiplex 
the 8085A common address/data 
bus. This interface 
uses slightly different low-level address decoding than the previous 
interface. Address lines AO, AI & A2 of the •.•.p have been tied 
to BYSL, AO & AI respectively of the AD7582. This allows the 
l6-bit data move instructions 
on both the 8085A and the Z80 to 
be used when reading conversion results. Assuming the AD7582 
is again assigned a memory block starting at address 8000H the 
input multiplexer 
is now addressed as follows: 


8000H 
Channel 0 
8002H 
Channell 
8004H 
Channel 2 
8006H 
Channel 3 


A write instruction to one of these addresses will start a conversion 
of the selected channel. The 12-bit conversion results can be 
read (low byte flrst then high byte) by a single read instruction; 


On the 8085A 


LHLD8000 


moves the conversion results into register pair BC 


MC68000, MC68008 MICROPROCESSOR 
Figure 19 shows an AD7582-MC68000/MC68008 
interface. 


Address lines AI, A2 and A3 of the •.•.p are connected to BYSL, 
AO & AI inputs respectively of the AD7582. 


With the simple decoding logic shown in Figure 19, the AD7582 
is decoded in a memory block from COOOHto FFFFH. 
The 
input multiplexer 
is now addressed as follows: 


COOOH 
Channel 0 
COO4H 
Channell 
c008H 
Channel 2 
COOCH 
Channel 3 


A write instruction to one of these addresses will start a conversion 
of the selected channel, i.e., 


MOVE. 
W 
DO 
$COO4 


starts a conversion of channel I. When the conversion is complete, 
the •.•.p acquires the result by reading from the AD7582, i.e, 


MOVEP. 
W 
$000 (A2), 
DO 


This instruction 
places the conversion data in the DO register of 
the •.•.P. Address register A2 should contain an odd-order address 
for the AD7582, e.g., $COO3. 


ADDRESS 
DECODE lOGIC 


\ 


A14 
A15) 


MICROPROCESSOR 
INTERFACE 
TO AD7582 WITH 
EXTERNAL 
CLOCK 
Figure 20 shows the additional circuitry generally required to 
interface an 8-bit •.•.p to the AD7582 operating from an external 
clock source. During a write operation, the 74121 monostable 
(one-shot) is triggered to latch the data (AO, AI and CS) in the 
7477, a 4-bit bistable latch. The monostable timing components 
(not shown in Figure 20) should be chosen to provide an output 
pulse width corresponding 
to t2 (EXT), the minimum autozero 
cycle time. To avoid any possibility of spurious triggering, the 
monostable should be enabled,by a valid memory address signal. 
During a data read cycle, the 7477 latch is transparent 
and data 
is read normally. Note that the .,.P write and read cycle times 
are unaffected by the interface circuitry. 


8088, 8086 MICROPROCESSORS 
Figure 21 shows an AD7582-8088 
interface. 


Address lines AO, Al and A2 are connected to BYSL, AO and 
Al inputs respectively of the AD7582. With the simple decoding 
shown in Figure 21 the AD7582 is decoded in a memory block 
from 4000H to 7FFFH. 
The input multiplexer 
is now addressed 
as follows: 


4000H 
4OO2H 
4004H 
4006H 


Channel 0 
Channell 
Channel 2 
Channel 3 


A write instruction to one of these addresses will start a conversion 
of the selected channel, i.e, 


MOV4004, 
AX 


starts a conversion of channel 2. When the conversion is ftnished 
the 8088 acquires the result by reading from the AD7582, i.e., 


MOV AX, 4000 


places the conversion data in the accumulator. 


ADDRESS DeCODe \ 


LOGIC 


A15 


I 
A14 
ADDRESSBUS 
/ 


Figure 22 shows an AD7582-8086 
interface. Address lines AI, 


A2 and A3 are connected to BYSL, AOand Al inputs respectively 
of the AD7582. The AD7582 is again decoded in a memory 
block from 4000H to 7FFFH. 
The input multiplexer 
is now 
addressed as follows: 


4000H 
4004H 
4OO8H 
400CH 


Channel 0 
Channell 
Channel 2 
Channel 3 
• 


A write instruction to one of these addresses will start a conversion 
of the selected channel, i.e, 


MOV 4008, AX 


starts a conversion of channel 2. When the conversion is ftnished, 
the 8086 acquires the result by reading from the AD7582 in two 
read cycles, i.e., 


MOV AL,4OOO 
MOV AH, 4002 


places the conversion data in the accumulator. 


ADDRESS 
DECODE 


LOGIC 
\ 


.IS 


AD7582·AD585 
SAMPLE·HOLD 
INTERFACE 
Figure 23 shows an AD585 Sample-Hold Amplifier driving AIN1 
of the AD7582. At a sampling frequency of 8kHz the maximum 
input signal frequency is 4kHz. The AD7582 is configured for 
bipolar operation to allow an input signal swing of ± 5V. No 
clock components are shown for the AD7582 but the conversion 
time of the AD7582 should be adjusted for 100 microseconds. 
With an external hold capacitor of l00pF, 
the acquisition time 
for the sample-hold amplifier is 10 microseconds. The circuit 
operates from O"Cto + 70°C. 


To take a sample of the input, a WRITE instruction is executed 
to the AD7582 control inputs. The converter busy flag, BUSY, 
is driven low indicating that a conversion is in progress. The 


falling edge of this BUSY signal places the sample-hold amplifier 
into the HOLD mode "freezing" 
the input signal to the AD7582. 
After 100 microseconds the conversion is finished and the BUSY 
signal is brought high. This allows a time of 25 microseconds 
for the AD585 to come out of the hold mode and acquire the 
input signal in time for the next sample. Between the end of 
one conversion and the start of the next, the conversion results 
must be read from the converter. 


Careful circuit layout and power supply decoupling are necessary 
to obtain maximum performance from the system. Decoupling 
capacitors in the diagram are all 10ILFelectroytics in parallel 
with O.OIILFdisc ceramics. 
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FEATURES 
1 f.LsConversion Time 
AGND and VREF Force/Sense Connections 
12·Bit Monotonic 
over Temperature 
Low Power - 200 mW typ 
Fast Bus Access Time - <57 ns 


APPLICATIONS 
Measurement 
and Control 
Automatic 
Test Equipment 
Precision Servo Control 
All Data Acquisition 
Systems 


GENERAL 
DESCRIPTION 
The AD7586 is a very fast 12-bit ADC that operates from :!:5 V 
power supplies, offering high-speed performance combined with 
low power dissipation. The AD7586 is a triple-pass flash ADC, 
which uses IS comparators in a 4-bit flash technique to achieve 
12-bit accuracy in I fLSconversion time. Each of the 40% quan- 
tization voltage levels are realized internally with a precision re- 
sistor DAG. The use of thin-film resistor technology and on- 
chip force and sense amplifiers ensure 12-bit performance. 


The AD7586 has a facility to force/sense the AGND and VREF 
inputs minimizing offset and gain errors. The precision resistor 
DAC with its excellent temperature 
drift characteristics com- 
bined with 12-bit accurate comparators provide 12-bit linearity 
over the entire temperature 
range. 


The AD7586 has a high-speed digital interface with three-state 
data outputs. 
Data access and conversion start functions are con- 
trolled by CS and RD inputs, standard microprocessor signals. 
Conversion control can also be provided by a CONVST input 
for DSP applications. 
The data access time of less than 57 ns 
means that the AD7586 can interface directly to most modern 
microprocessors 
including DSP processors. 


The AD7586 is fabricated in Analog Devices' Linear Compatible 
CMOS process, a mixed technology process that combines preci- 
sion bipolar circuits with low power CMOS logic. 


LC2MOS 
12-Bit 1 fJ-S ADC 


AD7586 
I 
• 


PRODUCT 
HIGHLIGHTS 
1. Fast I fLSConversion Time. 
Fast I fLSconversion time makes the AD7586 suitable for a 
wide range of data acquisition applications. 


2. Fast Microprocessor Interface. 


Standard control signals, CS and RD, and fast bus access 
times make the AD7586 easy to interface to microprocessors 


3. Low Power. 


LC2MOS fabrication process gives low power dissipation of 
200 mW typically. 


(Voo = +5 V ± 5%, Vss = -5 
V ± 5%, AGNDF& AGNDSare Kelvin connected 
AD7586 
SPECIFICATIONS 
t~ 0 v, VREFF & VREFSare Kelv!n connected to -4 V, DGND= 0 V. All specifica- 
-- 
tlons Tmln to Tmax unless otherwise noted.) 
J, A, S 
K,B 
Parameter 
Versions' 
Versions' 
Units 
Test Conditions/Comments 


ACCURACY 
Resolution 
12 
12 
Bits 
Integral Linearity @ + 25°C 
±2 
±1.5 
LSB Max 
Tmin to Tmax 
±2 
±1.5 
LSB Max 
Differential Nonlinearity 
±1 
±1 
LSB Max 
Minimum Resolution for Which 
No Missing Codes Are Guaranteed 
12 
12 
Bits 
Offset Error 
@ + 25°C 
±2 
±2 
LSB Max 
Kelvin Connections Reduce Offset Error 


Tmin to Tmax 
±2 
±2 
LSB Max 
by 2 LSBs Typically 


Gain Error 
@ + 25°C 
±2 
±2 
LSB Max 
Kelvin Connections Reduce Gain Error 
Tmin to Tmax 
±2 
±2 
LSB Max 
by 2 LSBs Typically 


ANALOG INPUT 
Input Voltage Range 
o to -4 
o to -4 
Volts 
Input Current 
-20 
-20 
fJoAmax 
VIN = 0 to -4 V 


REFERENCE 
INPUT 


VREFS (For Specified Performance) 
-4 
-4 
Volts 
±2% 


Input Reference Current 
-10 
-10 
mAmax 


POWER SUPPLY REJECTION 


Voo Only, (FS Change) 
0.1 
0.1 
LSB typ 
Vss = -5 V, Voo = +4.75 V to +5.25 V 


Vss Only, (FS Change) 
0.1 
0.1 
LSB typ 
Voo = 5 V, Vss = -4.75 
V to -5.25 
V 


LOGIC INPUTS 
Input High Voltage, V'NH 
2.4 
2.4 
Vmin 
Voo = 5 V ± 5% 


Input Low Voltage, VINL 
0.8 
0.8 
Vmax 
Voo = 5 V ± 5% 


Input Current, IIN 
±10 
±10 
fJoAmax 
VIN = 0 V to Voo 
Input Capacitance, CIN, 
10 
10 
pF Max 


LOGIC OUTPUTS 
DBll-DBO, 
BUSY 
Output High Voltage, VOH 
4 
4 
Vmin 
ISOURCE= 200 fJoA 
Output Low Voltage, VOL 
0.4 
0.4 
Vmax 
IS'NK = 1.6 mA 
DB ll-DBO 
Floating-State Leakage Current 
±10 
±10 
fJoAmax 
Floating-State Output Capacitance' 
15 
15 
pFmax 


POWER REQUIREMENTS 
Voo 
+5 
+5 
V nom 
±5% for Specified Performance 
Vss 
-5 
-5 
V nom 
± 5% for Specified Performance 
100 
30 
30 
mAmax 
Typically 20 mA, CS = RD = Voo 


Iss 
-30 
-30 
mAmax 
Typically 20 mA, CS = RD = Voo 


Power Dissipation 
200 
200 
mWtyp 
CS=RD=5V 
300 
300 
mWmax 


NOTES 
ITemperature Ranges are as follows: 
11K versions 0 to +70°C; AIB versions -40°C to +85°C; S version -S5°C 
(0 + 125 


DC. 


'Wilboul 
Kelvin conneclions on VREF and AGND lbe Off•• 1 and Gain Errors are typically 4 LSBs. 
3SampIe tested @ +250C to ensure compliance. 
Specifications subject to change without notice. 


I 
TIMING CHARACTERISTICS1 


Limit at 
Limit at 
Limit at 


Tmin, T""", 
Tmin, Tmax 
Tmin, Tmax 
Parameter 
<1, K Versions) 
(A, B Versions) 
(S Version) 
Units 
Conditions/Comments 


tl 
0 
0 
0 
ns min 
CS to RD Setup Time 
t2 
35 
35 
40 
ns max 
RD to BUSY Propagation Delay (CL = 10 pF) 


t3 
20 
20 
14 
ns min 
Data Setup Time Prior to BUSY, (CL = 20 pF) 


10 
10 
0 
ns min 
Data Setup Time Prior to BUSY, (CL = 100 pF) 


t/ 
10 
10 
10 
ns min 
Bus Relinquish Time after RD 
55 
55 
65 
ns max 
t, 
0 
0 
0 
ns min 
CS to RD Hold Time 
t. 
35 
35 
40 
ns max 
CONVST to BUSY Propagation Delay 


t7 
75 
75 
90 
ns min 
CONVST Pulse Width 
t.3 
57 
57 
70 
ns max 
Data Access Time after RD 
~ 
60 
60 
75 
ns min 
RD Pulse Width 
tlO 
0 
0 
0 
ns min 
BUSY High to RD Low, (Mode 1) 


tll 
25 
25 
25 
ns min 
CS High Time, (Mode 0) 


t'2 
0 
0 
0 
nsmin 
CS High to CONVST Low, (Mode 1) 


t13 
0 
0 
0 
nsmin 
BUSY High to CONVST Low, (Mode 1) 


lcoNv 
950 
950 
950 
ns typ 
Conversion Time (Mode 0) 


1000 
1000 
1000 
ns max 
• 


NOTES 
ITiming Specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All input signals are 
specified with t, = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 


2(4 is derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circuit of Figure 1. The measured number is then 
extrapolated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time, t.J quoted in the timing characteristics is the 
true bus relinquish time of the part and as such is independent of external bus loading capacitances. 


Jt, is measured with the load circuit of Figure I and defined as the time required for an output to cross 0.8 V or 2.4 V. 
Specifications subject to change without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS' 


(T A 
~ 
+2S"C unless otherwise noted) 


Voo to AGND 
-0.3 
V to +7 V 


Vss to AGND2 
•••••••••••••••••••• 
+0.3 V to -7 V 
AGND to DGND 
-0.3 
V to Voo +0.3 V 


V1N to AGND 
Vss -0.3 
V to Voo +0.3 V 


VREFF, 
VREFS to AGND 
Vss -0.3 
V to Voo 
+0.3 V 


Digital Inputs to DGND 
CS, RD, CONVST, 
Mode 
-0.3 
V to Voo +0.3 V 


Digital Outputs to DGND 
DBO to DBll, 
BUSY 
-0.3 
V to Voo +0.3 V 


Operating Temperature 
Range 
Commercial (1, K Versions) 
0 to +70°C 
Industrial (A, B Versions) 
-40°C to +85°C 
Extended (S Version) 
- 55°C to + 125°C 
Storage Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 
10 secs) 
+ 300°C 
Power Dissipation (Any Package) to +75°C 
-1000mW 
Derates above +75°C by 
10 mWrC 


'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device 
reliability. 
'If Vss is open circuited with VDO and AGND applied, the Vss pin will be 
pulled positive, exceeding the Absolute Maximum Ratings. If this possibility 
exists, a Schottky diode from Vss to DGND (cathode end to GND) ensures 
that the Absolute Maximum Ratings will be observed. 


TO OUTPUT 
PIN 
CLT 
100pF -= 


200~A 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected 
devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


POWER SUPPLY 


10 & 19 
Voo 


15&24 
Vss 


22 
AGNDF 


Positive Power Supply, +5 V ±5%. Both Voo pins must be tied together. 


Negative Power Supply, -5 V ±5%. Both Vss pins must be tied together. 


Analog Ground Force. The input can be used in conjunction with AGNDS to force/sense the 
external AGND (See Figure 3). Force/sensing the AGND minimizes offset error. In applications 
where offset error is not important these inputs can be tied together and connected directly to the 
external AGND reference. 


Analog Ground Sense. This is the complementary 
input for AGNDF (above) to force/sense the 
analog ground reference. AGNDF and AGNDS are tied together internally. 


Digital Ground. 


ANALOG AND REFERENCE 
INPUTS 


18 
VIN 
Analog Input. The analog input range is 0 to -4 V. 


20 
VREFS 
Voltage Reference Sense Input. The input can be used in conjunction with VREFF to force/sense 
an external voltage reference (See Figure 3). Force/sensing the VREF input minimizes gain error. 
In applications where gain error is not important these inputs can be tied together and connected 
directly to an external reference. 


21 
VREFF 
Voltage Reference Force Input. This is the complementary 
input for VREFS (above) to force/ 


sense an external voltage reference. VREFF and VREFS are tied together internally. 


INTERFACE 


1-4, 
DB7-DB4, 
6-9 
DB3-BO 


25-28 
DBII-DB8 


BUSY 


Three-state data outputs. These outputs are controlled by CS and RD. DBll 
is the most 
significant bit, (MSB). 


Chip Select Input. The device is selected when this input is low. 


Read Input. This active low signal, in conjunction with CS is used to enable the output data 
three-state drivers and initiate a conversion when the MODE input pin is tied low. 


CONTROL 


14 
CONVST 
Conversion Start Input. This input may be used to start conversion when the MODE input pin is 
tied high. 


Mode Input. When this pin is low, conversion is initiated on the falling edge of CS and RD. CS 
and RD must remain low for the duration of the conversion. When this pin is high conversion is 
initiated by a rising edge on the CONVST input. 


No Connect pin. This pin has no internal connections. 


DIP 


DB7 
1 . 
28 DB8 


0•• 2 
27 DB9 


DB' 
3 
26 0810 


DB4 
4 
250811 


DGND , 
24 Vss 


DB3 6 
23 AGNOS 
AD7586 
DB2 
7 
TOP 
VIEW 
22 AGNDF 


DB1 8 
(Not to sc.1e, 
21 VREFF 


DBO 9 
20 YREFS 


Yoo 
10 
19 Voo 


AD7586 


TOP VIEW 


(Not 
10 SCIIle) 


113I~ rs 


Ne : NO CONNECT 


Temperature 
Integral 
Package 
Modell 
Range 
Nonlinearity 
Option' 


AD7586JN 
O°Cto +70°C 
±2.0 LSB 
N-28 
AD7586KN 
O°Cto +70°C 
±1.5 LSB 
N-28 
AD7586JP 
O°Cto+70°C 
±2.0 LSB 
P-28A 
AD7586KP 
O°Cto+70°C 
±1.5 LSB 
P-28A 
AD7586AQ3 
-40°C to +85°C 
±2.0 LSB 
Q-28 
AD7586BQ3 
-40°C to +85°C 
±1.5 LSB 
Q-28 
AD7586SQ3 
- 55°C to + 125°C 
±2.0 LSB 
Q-28 


NOTES 
'Analog Devices reserves the right to ship J-Leaded Ceramic Chip Carrier 
packages in lieu of PLCC packages. 
2J = J-Leaded Ceramic; N = Plastic DIP; P = Plastic Leaded Chip Carrier 
(PLCC); Q = Cerdip. For outline information see Package Information 
section. 
'Contact your local sales office for availability. 


OPERATIONAL 
DIAGRAM 
An operational diagram for the AD7586 is shown in Figure 2. 
The only external component required for basic operation of the 
part is a -4 V reference. 


ANALOG 
INPUT 
VI. 
DB11 
(OTO-4V) 


AGNDS 


AGNDF 
DBO 
AGND 
AD7586 


VREFS 
Os 
} 
.PCONTROL 
iffi 
INPUTS 


REFERENCE 
VREFF 
INPUT 
(-4V) 
CONVST 
CONVERSION 
START 
INPUT 


MODE 
MODE 
INPUT 
POSITIVE 
vo• 
SUPPLY 
(SV) 
BUSY 
STATUS 
OUTPUT 


DGND 
DGND 
NEGATIVE 
vs• 
SUPPLY 
(-5V) 


CONVERTER 
DETAILS 
The AD7586 is a triple-pass flash ADC which uses 15 compara- 
tors in a 4-bit flash technique to perform the 12-bit conversion 
procedure. 
Each of the 4096 quantization 
levels is realized inter- 
nally with a precision resistor DAC. 


The fifteen comparators first compare the analog input voltage 
to the VREF/16 voltages of the resistor array. This determines 
the four most significant bits and selects lout 
of 16 voltage seg- 
ments. The comparators are then switched to 15 subvoltages on 
that segment to determine the next four bits and select lout 
of 
256 voltage segments. A further switching of the comparators to 
another 15 subvoltages produces the complete 12-bit conversion 
result. The 12 bits of data are then stored internally in a three- 
state output latch. 


FORCE/SENSE 
CONNECTIONS 
The AD7586 has a facility for Kelvin (force/sense) connections 
on the AGND and VREF pins to minimize offset and gain er- 
rors. Force/sensing these inputs eliminates error contributions 
from voltage or IR drops due to resistances from nonideal, inter- 
nal conductors. 
IR drops in the AGND path cause an offset er- 
ror while IR drops in the reference path cause a gain error. 
Typically, the use of Kelvin connections reduces the offset and 
gain errors by 2 LSBs. 


A low op amp offset voltage is important as any offset voltage 
• 
will add directly to the voltage that is being forced/sensed. 
Suit- 


able op amps for this application are precision op amps such as 
the AD705, AD707 or the AD708 (dual op amp), all of which 
feature offset voltages of less than 100 11V. 


REFERENCE 
INPUT 
The AD7586 operates from a -4 V external reference. Figure 3 
shows a typical reference connection circuit based on the 
AD586. The AD586 is a high performance voltage reference 
which exhibits excellent stability performance,S 
ppmfOCmax. 
The AD586's +5 V output is scaled and inverted before being 
applied to the AD7586 VREF inputs. Proper decoupling on the 
force/sense op amp outputs is important to suppress high speed 
transients during the conversion procedure. 
Note, connecting 
capacitors directly to op amp outputs can cause stability prob- 
lems. However, the use of large capacitors, 
10 I1F in Figure 3, 
limits the open-loop bandwidth preventing any closed-loop 
oscillations. 


ANALOG 
INPUT 
(0 TO -4V) 


v- 
C4 
C3 


NOTES 
O'1UF~OUF 


IADDITIONAL 
PINS OMITTED 
FOR CLARITY. 
2V. 
AND v- POWER SUPPLY RANGE 1$ ±12V 
TO ±15V. 
31FTHE "'H SOURCE 
IS POWERED 
FROM SUPPLIES 
GREATER 
THAN SV, USE AN INPUT PROTECTION 
DIODE 
TO PROTECT 
AGAINST EXCEEDING 
THE POSITIVE 
ABSOLUTE 
MAXIMUM 
RATING. 


AGNDF 


V•• 


-5V 


Figure 3. Typical Application 
Circuit Using the AD586, 


AGND and VREFAre Force/Sensed 


Where offset and gain errors are not important, 
the force/sense 


op amps can be omitted and the force/sense pins can be tied to- 
gether as shown for the AGND connection in Figure 4. How- 
ever the reference circuitry will invariably use an external op 
amp to scale the reference input voltage to -4 V, this op amp 
can provide the second function of force/sensing at no extra 
cost. In all applications, both the AGND and the VREF pins 
must be driven from low impedance sources. 


The AD586 is a precision voltage reference used for applications 
throughout 
this data sheet. However, other references exist 
which may be preferable in some applications. One example is 
the ZNREF040, 
4 V reference, available from Plessey Semicon- 
ductor. This part is not as suitable for precision applications, its 
temperature 
drift specification is SO ppmJ"C. It does have the 
advantage of a smaller package size, 3-pin metal can. 


ANAlOO- 


INPUT 
Voo 
(0 TO -4V) 


AD586 , 


GND 


NOTES 


IADDITIONAL 
PINS 
OMITTED 
FOR 
CLARITY. 
IV. 
AND V- POWER SUPPLY 
RANGE IS ±12Y TO ±lSV. 


31FTHE VIN SOURCE 
IS POWERED 
FROM SUPPLIES 
GREATER 
THAN 5V. USE AN INPUT PROTECTION 
DIODE 
TO PROTECT 
AGAINST 
EXCEEDING 
THE POSITIVE 
ABSOLUTE 
MAXIMUM 
RATING. 


Figure 4. Typical 
Application 
Circuit 
Using 
the AD586, 


VREF is Force/Sensed 


UNIPOLAR 
OPERATION 
The analog input range of the AD7586 is 0 to -4 V. The 
designed code transitions occur on integer multiples of I LSB. 
The output code is natural binary with I LSB = FS/4096 = 
(4 V/4096) = 0.977 mY, see Figure 5. 


~ 
,,,, 


OUTPUT 
CODe 


11... 111 


FS=-4V 
lLSB=FS 
4096 


-3 
-2 
-1 


VIM INPUT VOLTAGE 
(LSBsl 


UNIPOLAR 
OFFSET 
AND GAIN ERROR ADJUST 
Both offset and gain errors are less than 2 LSBs, when force/- 
sense amplifiers are used for the reference and AGND pins, 
eliminating the need for calibrating the AD7586 in the majority 
of cases. However, applications requiring absolute accuracy may 
use the force/sense amplifiers to null any system offset or gain 
errors caused by signal conditioning or other external circuitry. 


The overall transfer function can be calibrated as a "mid riser" 
type or a "mid tread" type. A mid riser type is where the code 
transitions occur on successive integer LSB values, the mid 
tread type is where the code transitions occur mid way between 
successive integer LSB values. The only difference between the 
two types is a 1/2 LSB offset, the first and last code transition 
voltages are shown below in Table 1. 


Mid Tread 
Mid Riser 


First Code Transition Voltage 
(0000 0000 0000 to 0000 0000 000I) 
-0.488 
mV 
-0.977 
mV 


Last Code Transition Voltage 
(11111111 
1110 to 1111 1111 1111) 
-3.9985 
V 
-3.9990 
V 


Table I. Ideal First and Last Transition 
Voltages 
for 
Unipolar 
Operation 


Figure 6 shows a circuit which is suitable for offset and gain 
error adjustment. 
The AD708 dual op amp is used to force/ 


sense the AGND and VREF pins, the voltages at the force/sense 
op amp outputs can be varied with trim potentiometers 
R3 and 
R6. The order of adjustment does not matter; in other words, 
adjusting offset does not affect gain error or vice versa. 


ANALOG 
INPUT 
(DTO 
-4V) 


C2 
Cl 


~DUF 
AD7586' 


AGNDS 


C4 
C3 


NOTES 
D"UF~DUF 


'ADDITIONAL 
PINS 
OMITTED 
FOR CLARITY. 
2V• 
AND 
V· POWER 
SUPPLY 
RANGE 
IS±12V 
TO±15V. 


'IF 
THE 
V,N SOURCE 
IS POWERED 
FROM 
SUPPLIES 
GREATER 
THAN 
SV. USE AN INPUT 
PROTECTION 
DIODE 
TO PROTECT 
AGAINST 
EXCEEDING 
THE 
POSITIVE 
ABSOLUTE 
MAXIMUM 
RA TlNG 
. 


Offset adjustment is achieved by adjusting the AGND force/ 
sense voltage. To adjust the offset apply the first code transition 
voltage to VIN (see Table I) and adjust R6 until the ADC output 
code flickers betweenסס ooסס ooסס oo andסס ooסס oo 000 I. 


Gain error can be nulled by adjusting the reference input which 
in turn adjusts the full-scale digital output. To adjust the full- 
scale output apply the last code transition voltage at VIN and 
vary R3 until the output code flickers between IIII 
IIII 
1110 
and 11111111 1111. 


BIPOLAR OPERATION 
Figure 7 shows how bipolar operation can be achieved with the 
AD7586. The circuit uses an op amp to offset the analog signal 
by -2 V before being applied to the AD7586 analog input. The 
circuit has an analog input range of ± 2 V with an LSB size of 
0.997 mY. The output code is offset binary, see Figure 8 for the 
transfer function. 


Signal ranges other than ±2 V are easily accommodated by 
using a different value of R3. For example, selling R3 equal to 
30 k increases the analog input range to ± 5 V. R3 should 
always be chosen such that the voltage range at VIN covers the 
full dynamic range (0 to -4 V) of the ADC. All resistors should 
be the same type and from the same manufacturer 
so that their 
temperature 
coefficients match. 


For ac sampling applications it is possible to substitute the op 
amp, AI, for a sample-and-hold amplifier SHA. Not all SHAs 
have both the inverting and noninverting terminals available to 
the user in which case the op amp is still necessary to level shift 
the analog input. 


NOTES 


'AOOlTIONAL 
PINS ONlneo 
FOR CLARITY. 
lV• 
AND V_ POWER 
SUPPLY 
RANGE 
IS '12V 
TO ·15V. 


~AOTECTION 
DIODE 
TO PREVENT 
VfN EXCEEDING 
THE 
POsrnVE 
ABSOLUTE 
MAXIMUM 
RATING. 


Figure 8. Ideal Input/Output Transfer Function for the 
Circuit of Figure 7 


BIPOLAR OFFSET 
AND GAIN ERROR ADJUST 
For applications where absolute accuracy is important 
then sys- 
tem offset and gain errors can be adjusted to zero using the 
force/sense amplifiers as in the unipolar case. In the case of Fig- 
ure 7, one source of gain error is the resistor mismatch between 
R3 and R4. This error in conjunction with other gain error 
sources can be nulled by making either R2 or R3 variable and 
using the same adjustment procedure as discussed for the unipo- 
lar circuit. For offset adjustment, 
an AGND force/sense ampli- 
fier is needed with the same resistor biasing and trim arrange- 
• 
ment as that shown in Figure 6 (R4, R5 and R6). Again, the 
adjustment procedure is the same as that discussed for Figure 6. 
Note, the analog input signal is level shifted by - 2 V, therefore, 
- 2 V must be subtracted from the first and last code transition 
voltages listed in Table I before being applied to this circuit. 


TIMING AND CONTROL 
Conversion start and data access are controlled by four digital 
inputs: CS, RD, CONVST and MODE. There are two basic 
modes of operation, Mode 0 and Mode I which are shown in 
Figures 9 to 11. Mode 0 is designed for applications where a 
microprocessor has complete control over conversion start and 
data access. Mode 1 is designed for DSP applications where a 
timer controls conversion start, ensuring equal sampling inter- 
vals, while data access is again controlled by a microprocessor. 
The AD7586 MODE input pin selects the timing mode: 
MODE = 0 V for Mode 0 and MODE = 5 V for Mode I. 


Mode 0 (MODE = 0 V) 
For direct bus interfacing using Mode 0, the microprocessor 
must have aWAIT 
state facility. A read operation to the ADC 
brings CS and RD low which triggers a conversion. The 
AD7586 acknowledges by bringing BUSY low indicating that 
conversion is in progress. BUSY returns high at the end of con- 
version when the ADC's output latches have been updated and 
the conversion result is placed on the data outputs. 
Note the 
data bus is in the three-state condition for the duration of the 
conversion and becomes active before BUSY goes high (see t3, 
Figure 9) at the end of conversion. 


Figure 9. Mode 0 Timing Diagram (Mode = 0 Vj 


Mode 1 (MODE = 5 V) 
In this mode conversion is started by asserting the CONVST 
input (see Figure 10). BUSY goes low after the falling of the 
CONVST input. However, the ADC conversion procedure does 
not start until after the rising of the CONVST pulse. BUSY re- 
turns high when conversion is complete. The total width of the 
BUSY pulse is equal to the CONVST pulse width plus the ADC 
conversion time. Note, the time teONv 
is typically ~Ons lat'get' 
in Mode 1 than in Mode O. Data can be read by a microproces- 
sor any time after the rising edge of BUSY. Note that pulsing 
CONVST low while a conversion is in progress will initiate a 
new conversion. 


Figure II shows a variation of Mode I timing that is useful 
when external latches are used to store the conversion results. In 
this case, CS and RD are tied permanently low and the data bus 
is always active, except when BUSY is low. The data bus is in 
the three-state condition during the BUSY low state. The data 
bus then becomes active just before BUSY returns high at the 
end of conversion, so that BUSY can be used as a clocking sig- 
nal for external latches. 


Figure 
11. Mode 
1 Timing 
Diagram, 
CS = RD = 0 V 
(Mode 
= 5 Vj 


SAMPLE·AND·HOLD 
INTERFACING 
A sample-and-hold 
amplifier is necessary for ac applications. 
The interface connections are straight forward as shown for the 
AD684 in Figure 12. The AD7586 BUSY signal is ideal for trig- 
gering a SHA's HOLD 
input. An important 
SHA specification 
for ADC interfacing is settling time. This is the time required 
by the SHA output to settle after receiving a HOLD command. 
To allow for this, there must be a delay which is at least as long 
as the SHA settling time between the HOLD command and the 
AD7586's first flash decision. Large hold-mode settling time can 
be compensated for in Mode I. The delay between the start of a 
conversion and the first flash decision is approximately 200 ns. 
In Mode I timing, BUSY goes low when CONVST goes low 
but the conversion procedure does not start until CONVST goes 
high. So, the CONVST pulse width can be used to compensate 
for any additional SHA settling time greater than 200 ns. For 
example, if a SHA has a settling time of 500 ns, then the 
CONVST pulse width should be 300 ns. 


AD684 SAMPLE-AND·HOLD 
The AD684 is a quad sample-and-hold 
(SHA) with an acquisi- 
tion time of I ILS. Figure 12 shows the SHA coupled with the 


calculate the overall throughput 
rate, the acquisition time and 
the settling time of the SHA along with the ADC conversion 
time have to be taken into account. For the single channel sys- 
tem shown in Figure 12, the minimum throughput 
time is 


approximately 2.5 ILS. This figure allows for I ILS each for acqui- 
sition and conversion time and 500 ns for settling time and other 
overheads. 
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•.•• 
DEVICES 


I 


FEATURES 
12-Bit Resolution and Accuracy 
Fast Conversion Time 
AD7672XX03 - 3f.ls 
AD7672XX05 - 5f.ls 
AD7672XX10 - 10f.ls 
Unipolar or Bipolar Input Ranges 
Low Power: 
110mW 
Fast Bus Access Times: 90ns 
Small, 0.3", 24-Pin Package and 2a-Terminal 
Surface Mount Packages 


GENERAL DESCRIPTION 
The AD7672 is a high-speed 
12-bit ADC, fabricated in an ad- 


vanced, mixed technology, Linear-Compatible 
CMOS (LC2MOS) 


process, which combines precision bipolar components with 
low-power, high-speed CMOS logic. The AD7672 uses an accurate 
high-speed DAC and comparator in an otherwise conventional 
successive-approximation 
loop to achieve conversion times as 
low as 3flS while dissipating only 1l0mW of power. 


To allow maximum flexibility the AD7672 is designed for use 
with an external reference voltage. This allows the user to choose 
a reference whose performance 
suits the application or to drive 
many AD7672s from a single system reference, since the reference 
input of the AD7672 is buffered and draws little current. 
For 
digital signal processing applications where absolute accuracy 
and temperature 
coefficients may be unimportant, 
a low-cost 
reference can be used. For maximum precision, the AD7672 
can be used with a high-accuracy reference, such as the AD588, 
when absolute 12-bit accuracy can be obtained over a wide 
temperature 
range. 


An on-chip clock-circuit is provided which may be used with a 
crystal for accurate definition of conversion time. Alternatively, 
the clock input may be driven from an external source such as a 
microprocessor 
clock. 


The AD7672 also offers flexibility in its analog input ranges, 
with a choice of 0 to + 5V, 0 to + JOV and ± 5V. 


The AD7672 is also designed to operate from nominal supply 
voltages of + 5V and - 12V. This makes it an ideal choice for 
data acquisition cards in personal computers where the negative 
supply is generally 
-12V. 


High-Speed 12-Bit ADC 


AD7672 
I 
• 


The AD7672 has a high-speed digital interface with three-state 
data outputs and standard microprocessor control inputs (Chip 
Select and Read). Bus access time of only 90ns allows the AD7672 
to be interfaced to most modern microprocessors. 


The AD7672 is available in a variety of space-saving packages; 
plastic and hermetic 24-pin "skinny" 
DIP and 28-pin ceramic 
and plastic chip carrier. 


PRODUCT 
HIGHLIGHTS 
1. Fast, 3flS, 5flS and JOflSconversion speeds make the AD7672 
ideal for a wide range of applications in telecommunications, 
sonar and radar signal processing or any high-speed data 
acquisition system. 


2. LC2MOS circuitry gives high precision with low power drain 
(llOmW 
typ). 


3. Choice of 0 to + 5V, 0 to + lOV or ± 5V input ranges, accom- 
plished by pin-strapping. 


4. Fast, simple, digital interface has a bus access time of 90ns 
allowing easy connection to most microprocessors. 


5. Available in space-saving 24-pin, 0.3" DIP or surface mount 
package. 


AD7672-SPECIFICATIONS 


(Voo = 5V ± 5%, Vss = -12V 
± 10%, VREF = -5V 
unless otherwise noted. 
fell(: 4MHz for AD7672XX03, 2.5MHz for AD7672XX05, 1.25MHz for AD7672XX10. 
All Specifications Tmi. to TmIX unless otherwise noted. Specifications apply to Slow 
Memory Mode.) 


Parameter 
KVersionl 
LVersion' 
BVersion' 
eVersion' 
Units 
Test Conditions/Comments 


ACCURACY' 
Resolution 
12 
12 
12 
12 
Bits 


Integral Nonlinearity@ 
+ 25°C 
±I 
± 1/2 
±I 
±1/2 
LSBmax 
Tested Range ±5V 


Tmin toTmu. 
±I 
± 1/2 
±I 
± 1/2 
LSBmax 
Differential 
Nonlinearity 
±0.9 
±0.9 
±0.9 
±0.9 
LSBmax 
No Missing Codes Guaranteed 
Unipolar Offset Error@ 
+ 25°C 
±5 
±3 
±5 
±3 
LSBmax 
Input Range: Oto SVorOto 
IOV 


T mintoT mu: 
±6 
±4 
±6 
±4 
LSBmax 
Typical TC is 2ppmI"C 
UnipolarGainError@ 
+25°C 
±5 
±4 
±S 
±4 
LSBmax 
Input Range: 0 to SV or 0 to 10V 


Tmin toT mu: 
±7 
±6 
±7 
±6 
LSBmax 
Typical TC is 2ppmrC 


Bipolar Zero Error@ 
+ 25°C 
±5 
±3 
±5 
±3 
LSBmax 
Input Range: ± SV 


Tmin loTmu: 
±6 
±4 
±6 
±4 
LSBmax 
Typical TC is 2ppmI"C 
Bipolar Gain Error@ 
+ 25°C 
±5 
±4 
±S 
±4 
LSBmax 
Input Range: ± SV 
Tmin toTmu 
±7 
±6 
±7 
±6 
LSBmax 
Typical TCis 2ppmI"C 


ANALOG 
INPUT 
Unipolar 
Input Current 
3.5 
3.5 
3.5 
3.S 
roAmax 
Input Ranges: OtoSVorOto 
10V 


Bipolar Input Current 
± 1.75 
± 1.75 
± 1.75 
± 1.7S 
roAmax 
Input Range: ± 5V 


REFERENCE 
INPUT 


VREF (For Specified Performance) 
-5 
-5 
-5 
-S 
Volts 
~l% 


Input Reference Current 
-3 
-3 
-3 
-3 
Il-Amax 


POWER 
SUPPLY REJECTION 


Voo Only, (FS Change) 
±I 
±I 
±I 
±I 
LSBtyp 
Vss= 
- 12V, Voo= 
+4.7SVto 
+5.25V 


Vss Only, (FS Change) 
±I 
±I 
±I 
±I 
LSBtyp 
Voo= .+5V, Vss= - 10.8Vto 
- J3.2V 


LOGIC INPUTS 
CS,RD,CLKIN 
V,NL>Input Low Voltage 
+0.8 
+0.8 
+0.8 
+0.8 
Vmax 
Voo = 5V ±5% 


V'NH, Input High Voltage 
+2.4 
+2.4 
+2.4 
+2.4 
VmiA 


erN' 3Input Capacitance 
10 
10 
10 
10 
pFmax 


CS,RD 


[IN, Input Current 
±IO 
±IO 
±IO 
± 10 
Il-Amax 
V1N= OtoVoo 
CLKIN 
[IN' Input Current 
±20 
±20 
±20 
±20 
Il-Amax 
V1N= OtoVoo 


LOGIC OUTPUTS 
DB II-DBO, 
BUSY, CLK OUT 


VOl., Output 
Low Vol,age 
+0.4 
+0.4 
+0.4 
+0.4 
Vmax 
IS1NK= 1.6mA 
VoH, OUlPUI High Voltage 
+4.0 
+4.0 
+4.0 
+4.0 
Vmin 
ISoURCE= 200Il-A 
Floaling-Slale 
Leakage Currenl 
DBII-DBO 
±IO 
±IO 
±IO 
±IO 
Il-Amax 
Floating-Stale 
OUlPUI Capacilance' 
IS 
IS 
15 
15 
pFmax 


CONVERSION 
TIME 
AD7672XX03 
Applies to K and B Grades Only 


Synchronous 
Clock 
3.12S 
- 
3.12S 
- 
fJ-smax 
fel.K = 4MHz. See Under 
Asynchronous 
Clock 
3/3.2S 
- 
3/3.2S 
- 
f.Lsmin/max 
Control Inputs Synchronizalion 
AD7672XXOS 
Synchronous 
Clock 
5 
5 
5 
5 
Il-smax 
fCLK = 2.5MHz 
Asynchronous 
Clock 
4.8/S.2 
4.8/5.2 
4.8/S.2 
4.8/5.2 
I.Lsminimax 
AD7672XXIO 
Synchronous 
Clock 
10 
10 
10 
10 
fJ-smax 
fCl.K = 1.25MHz 
Asynchronous 
Clock 
9.6/10.4 
9.6/10.4 
9.6/10.4 
9.6/10.4 
Il-sminlmax 


POWER 
REQUIREMENTS 
Voo 
+5 
+5 
+S 
+5 
VNOM 
± 5% for Specified Performance 


Vss 
- 12 
-12 
-12 
-12 
VNOM 
± 10% for Specified Performance 


lon 


o4 
7 
7 
7 
7 
roAmax 
CS= RD=Voo,AINI 
= AIN2 = 5V 
Iss• 
- 12 
-12 
-12 
-12 
roAmax 
CS= RD = Voo, AINI =AIN2 
= 5V 
Power Dissipation 
110 
110 
110 
110 
mWlYP 
179 
179 
179 
179 
mWmax 


NOTES 
ITemperature 
nnle 
as follows: 
K, L Versions; 
0 to + 7<rC. 


B, eVersions; 
- 25°C to + 8S"C. 
2V,lU==SV. 
Vss= 
-12V, 
ILS8=FS/4096 


)Sample 
tested 
[0 ensure compliance. 
·Power 
supply 
current 
is measured 
when AD7672 
is inactive, 
i.e., CS = RD = BUSY = HIGH. 


Specifications 
subject 
to change wirhour 
notice. 


Parameter 
TVersion1 
UVersionl 
Units 
Test Conditions/Comments 


ACCURACY' 


Resolution 
12 
12 
Bits 
Integral Nonlinearity 
<!t + 25·C 
:tl 
:t 1/2 
LSBmax 
Tested Range :t 5V 
Tminto 
TJNJ: 
:tl 
:t3/4 
LSBmax 
Differential 
Nonlinearity 
:to.9 
:to.9 
LSBmax 
No Missing Codes Guaranteed 
UnipolarOffsetError(a 
+25·C 
:t5 
:t3 
LSBmax 
Input Range: Ot05VorOto 
IOV 
Tmin toTmax 
:t6 
:t4 
LSBmax 
Typical TC is 2ppmJOC 
Unipolar Gain Error (u + 25·C 
:t5 
:t4 
LSBmax 
Input Range: 0 to 5V or 0 to IOV 
Tmin toTmu 
:t7 
:t6 
LSBmax 
Typical TC is 2ppmJOC 
Bipolar Zero Error (II + 25·C 
:t5 
:t3 
LSBmax 
Input Range: :t 5V 
Tmin toTmu: 
:t6 
:t4 
LSBmax 
Typical TC is 2ppmJOC 
Bipolar Gain Error (II + 25·C 
:t5 
:t4 
LSBmax 
Input Range: :t 5V 
TmmtoTmu 
:t7 
:t6 
LSBmax 
Typical TC is 2ppmJOC 


ANALOG 
INPUT 
Unipolar Input Current 
3.5 
3.5 
mAmax 
Input Ranges: Oto 5VorOto 
10V 
Bipolar Input Current 
:t 1.75 
:t 1.75 
mAmax 
Input Range: :t 5V 


REFERENCE 
INPUT 
VREF(For Specified Performance) 
-5 
-5 
Volts 
;tl% 


Input Reference 
Current 
-3 
-3 
fLAmax 


POWER SUPPLY REJECTION 
Voo Only, (FS Change) 
:tl 
:tl 
LSBtyp 
Vss = -12V, 
Voo = +4.75Vto 
+ 5.25V 
V's Only,(FS 
Change) 
:tl 
:tl 
LSBtyp 
Voo = + 5V, Vss = - 1O.8Vto - 13.2V 


LOGIC INPUTS 
CS, RD, CLK IN 


V1N,-, 
Input 
Low Voltage 
+0.8 
+0.8 
Vrnax 
Voo = 5V :t5% 


V1NH,Input High Voltage 
+2.4 
+2.4 
V'min 


C1N,3 Input 
Capacitance 
10 
10 
pFmax 
CS,RD 


IIN, Input Current 
:!:1O 
:!:1O 
ILAmax 
V'N = OtoVnn 
CLKIN 


IINJ Input Current 
:!:20 
:!:20 
ILAmax 
V'N = OtoVnn 


LOGIC OUTPUTS 
DB II-DBO, 
BUSY, CLK OUT 
VOl.,Output 
Low Voltage 
+0.4 
+0.4 
Vmax 
IS1NK= 1.6mA 
VOH'Output 
High Voltage 
+4.0 
+4.0 
Vrnin 
ISot:RC• = 200ILA 
Floating-State 
Leakage Current 
DBII-DBO 
:t1O 
:t1O 
ILAmax 
Floating-State 
Output Capacitance' 
IS 
IS 
pFmax 


CONVERSION 
TIME 
AD7672XX05 
Synchronous 
Clock 
5 
5 
Il.smax 
fCLK= 2.5MHz. 
See Under 
Asynchronous 
Clock 
4.8/5.2 
4.8/5.2 
Il.smin/max 
Control 
Inputs 
Synchronization 
AD7672XXIO 
Synchronous 
Clock 
10 
10 
jJ.smax 
fu.K= 1.25MHz 
Asynchronous 
Clock 
9.6110.4 
9.6/10.4 
Il.smin/max 


POWER REQUIREMENTS 
Vnn 
+5 
+5 
VNOM 
1: 5% for Specified 
Performance 
Vss 
-12 
-12 
VNOM 
:!:10% for Specified Performance 
Inn• 
7 
7 
mAmax 
CS=RD=Vnn,AINI 
=AIN2= 
5V 
Is,• 
-12 
-12 
mAmax 
CS =RD=Vnn,AINI 
=AIN2 
= 5V 
Power Dissipation 
110 
110 
mWtyp 
179 
179 
mWmax 


NOTES 
'Temperature 
range IS follows: 
T. U Venionsj 
- SSOC to + 125OC. 
'Voo=5V, 
Vss= 
-12V, 
ILSB=FS/4096 


)Sample 
tested to ensure compliance. 
·Power 
supply current 
is measured 
wben AD7672 
is inactive. 
i.e .• CS = RD = BUSY = HIGH. 


SpecifICationS 
sqbject tocbanae 
without 
notice. 


• 


AD7672 


TIMING CHARACTERISTICS 1 


Limit at + 25·C 
Limit at T min, T m"" 
Limit at T min, T max 
Parameter 
(All Grades) 
(K, L, B, C Grades) 
(T, U Grades) 
Units 
Conditions/Comments 


t, 
0 
0 
0 
nsmin 
es to RD Setup Time 
t2 
190 
230 
270 
nsmax 
RD to BUSY Propagation Delay 
tl 
90 
110 
120 
nsmax 
Data Access Time after RD, eL =20pF 
125 
150 
170 
nsmax 
Data Access Time after RD, eL = lOOpF 
r.. 
t3 
t3 
t3 
nsmin 
RD Pulse Width 
ts 
0 
0 
0 
nsmin 
es to RD Hold Time 
1(,2 
70 
90 
100 
nsmax 
Data Setup Time after BUSY 
tl 
20 
20 
20 
nsmin 
Bus Relinquish Time 
75 
85 
90 
nsmax 
t8 
200 
200 
200 
nsmin 
Delay Between Successive 
Read Operations 
- 


NOTES 
'Timing 
Specifications 
are samplelesledat 
+2S·C 10 ensure 
compliance. 
All inpul 
conrroisignalsare 
specified 
with tr = tf = Sns (10% to 90% of +5V) 


and timed 
from a voltage 
level of 1.6Y. 
'I,and ",are 
measured 
with the load circuilS 
of Figure 
I and defmed 
as the time required 
for an outputto 
cross O.8Y or2.4Y. 
'" 
is defmed 
as the time required 
for thedara 
lines 10 change 
O.SY when loaded 
with the dreuilS 
of Figure 
2. 


Specifications 
subject 
to change 
without 
notice. 


c, 


OGNO~ 


!3ktl 


OBN~ 
c, 


~OGNO 


! 3ktl 
OBNo----r 
T 10pF 


\lOGNO 


a. High-Z to VOH(t3) 
and VOL to VOH (t6) 
b. High-Z to VOL (t3) 
and VOHto VOL (t6) 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(T A = + 25·e unless otherwise noted) 


Voo to DGND 
. 


Vss to DGND 
.. 


AGNDto 
DGND 
AINI, 
AIN2 to AGND 
VREF to AGND 
. . . . 
Vss 


Digital Input Voltage to DGND 


(eLK 
IN, es, 
RD) ..... 


Digital Output Voltage to DGND 


(DBIl-DBO, 
BUSY, eLK 
OUT) 
. 


-0.3V 
to +7V 
+0.3V to -17V 
-0.3V 
to Voo 
+0.3V 


. . . 
-15V 
to + 15V 
-0.3V 
to Voo 
+O.3V 


Operating Temperature Range 
K,L 
B,e 
. 


T, U 
. 


Storage Temperature 
Lead Temperature 
(Soldering, 
10sec) 


Power Dissipation (Any Package) to + 75·e 
Derates above +75·e 
by 
. 


. .. 
0 to + 70·e 
- 25·e to + 85·e 
- 55·e to + 125·e 
- 65·e to + 150·e 


. 
+300·e 
1,000mW 
10mWre 


*Stress above those listed under "Absolute 
Maximum 
Ratings" 
may cause permanent' 


damage to the device. This is a stress rating only and functional 
operation 
of the device 
at these or any other 
condition 
above those indicated 
in the operational 
sections 
of 


this specification 
is not implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 


for extended 
periods may affect device reliability. 


CAUTION 
ESD (electrostatic 
discharge) 
sens!Uve device. The 
digital control 
inputs 
are diode protect- 


ed; however, 
permanent 
damage may occur on unconnected 
devices subject 
to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


UNIPOLAR OFFSET ERROR 
The ideal first code transition should occur when the analog 
input is 1I2LSB above AGND. The deviation of the actual 
transition from that point is termed the offset error. 


BIPOLAR ZERO ERROR 
The ideal midscale transition (i.e., 0111 1111 1111 to 
1000 0000 0000) for the ± SV range should occur when the analog 
input is 1I2LSB below AGND. Bipolar zero error is the deviation 


of the actual transition from that point. 


GAIN ERROR 
The ideal difference between the first code transition and last 
code transition is FS - 2LSBs. The Gain error is defined as the 
deviation between this ideal difference and the measured differ- 
ence. Ideal FS corresponds 
to SV for the unipolar 0 to SV range 
and 10V for both the unipolar 0 to 10V and bipolar ± SV 
ranges. 
• 


Conversion 
Temperature 
Accuracy 
Package 
Modell. 2 
Time 
Range 
Grade 
Option3 


AD7672KN03 
3f.Ls 
O°Cto + 70°C 
±ILSB 
N-24 
AD7672BQ03 
3f.Ls 
- 2SoCto + 8SoC 
±ILSB 
Q-24 
AD7672KP03 
3f.Ls 
O°Cto + 70°C 
±ILSB 
P-28A 
AD7672BE03 
3f.Ls 
- 2SoCto + 8SoC 
±ILSB 
E-28A 
AD7672KNOS 
Sf.LS 
O°Cto + 70°C 
± ILSB 
N-24 
AD7672BQOS 
Sf.LS 
- 2SoCto + 8SoC 
±ILSB 
Q-24 
AD7672TQOS 
Sf.LS 
- SsoCto + 12SoC 
±ILSB 
Q-24 
AD7672LNOS 
Sf.LS 
O°Cto + 70°C 
± 1I2LSB 
N-24 
AD7672CQOS 
Sf.LS 
- 2SoCto + 8SoC 
± 1I2LSB 
Q-24 
AD7672UQOS 
Sf.LS 
- SsoCto + 12SoC 
± 1I2LSB 
Q-24 
AD7672KPOS 
Sf.LS 
O°Cto + 70°C 
±ILSB 
P-28A 
AD7672TEOS 
Sf.LS 
- SSOCto+ 12SoC 
±ILSB 
E-28A 
AD7672LPOS 
Sf.LS 
O°Cto + 70°C 
± 1I2LSB 
P-28A 
AD7672UEOS 
Sf.LS 
- SsoCto + 12SoC 
± 1I2LSB 
E-28A 
AD7672KNIO 
10f.Ls 
O°Cto + 70°C 
±ILSB 
N-24 
AD7672BQIO 
lOf.Ls 
- 2SoCto + 8SoC 
±ILSB 
Q-24 
AD7672TQIO 
lOf.Ls 
- SsoCto + 12SoC 
±ILSB 
Q-24 
AD7672LNIO 
lOf.Ls 
O°Cto + 70°C 
± 1I2LSB 
N-24 
AD7672CQIO 
10f.Ls 
- 2SoCto + 8SoC 
±1I2LSB 
Q-24 
AD7672UQIO 
lOf.Ls 
- SsoCto + 12SoC 
± 1I2LSB 
Q-24 
AD7672KPIO 
lOf.Ls 
O°Cto + 70°C 
± ILSB 
P-28A 
AD7672TEIO 
lOf.Ls 
- SsoCto + 12SoC 
±ILSB 
E-28A 
AD7672LPIO 
lOf.Ls 
O°Cto + 70°C 
± 1I2LSB 
P-28A 
AD7672UEIO 
lOf.Ls 
- S5°Cto + 12SoC 
± 1I2LSB 
E-28A 


NOTES 
IAnalog Devices reserves the right to ship either ceramic (D-24A) or cerdip (Q-24) hermetic 
packages. 
'To order MIL-STD-883, 
Class B processed parts, add /883B to part number. Contact 
local sales office for military data sheet. 
'D = Ceramic DIP; E = Leadless Ceramic Chip Carrier (LCCC); N ~ Plastic DIP; 
P ~ Plastic Leaded Chip Carrier (PLCC); Q ~ Cerdip. For outline information see 
Package Information section. 


1 
AINI 
2 
VREF 
3 
AGND 
4 ... 
11 
DB11 ... 
DB4 


13 ... 
16 
DB3 ... 
DBO 
12 
DGND 
17 
CLKIN 


18 
CLKOUT 


19 
RD 


20 
CS 


21 
BUSY 
22 
Vss 
23 
VDD 
24 
AIN2 


Analog Input. 
Voltage Reference Input. The AD7672 is specified with VREF = - SV. 
Analog Ground. 
Three-state data outputs. They become active when CS and RD are brought low. DB 11is the 
most significant bit (MSB). 


Digital Ground. 
Clock Input pin. An external TTL compatible clock may be applied to this pin. Alternatively 
a crystal or ceramic resonator may be connected between CLK IN (Pin 17) and CLK OUT 
(Pin 18). 
Clock Output Pin. An inverted CLK IN signal appears at CLK OUT when an external clock 
is used. See CLK IN (Pin 17) description. 
READ input. This active LOW signal, in conjunction with CS is used to enable the output data 
three-state drivers and initiate a conversion. 
CHIP SELECT Input. This active LOW signal, in conjunction with RD is used to enable 
the output data three-state drivers and initiate a conversion. 
BUSY output indicates converter status. BUSY is LOW during conversion. 
Negative Supply, -12V. 
Positive Supply, + SV. 
Analog Input. 


PIN CONFIGURATIONS 


DIP 
PLCC 
LCCC 


cz J z " ! 
8 
= 
c 
" 
z j 
z 
11 
AIN2 
.. 
C 
z 
> 
> 
!<l 
!11 
8 
= 
C 
.. 
> 
> 
• 
] 
2 
1 
28 
2' 
26 
• 
] 
2 
1 
28 
27 
26 
v~ 
0 


V •• 


BUSY 
DB11lMSBI 
• 
2. 
BUSY 
DBl1(MSBI • 
,. 
25 
BUSY 


cs 
0810 • 
2. 
cs 


AD7672 
DB' , 
23 
AD 
AD 
TOP 
VIEW 
AD7672 


(Not 10 Scafe' 
NC 
8 
TOP VIEW 
22 
NC 
cue OUT 
DBI • 


(HOl 
to 5calel 
21 
eLK OUT 


CUCIN 
DB' 
DB7 10 
20 elK IN 


DBO 
D" " 
19 
D80 
OBI 11 
19 
D80 


DBS 
DBI 


DB2 
,. 
15 
17 
12 
13 ,. 
'S ,. 17 
18 
12 
,] 
,. 
18 
C 
III J z 
!11 :a 
iii " 
DGND 
DB] 
III J 
c 
!11 ! iii 8 
c 
c g 
c 
c 
c 
c 
c 
z 
c 
Ne 
::: NO CONNECT 
Ne '" NO CONNECT 
g 


OPERATING 
FROM A NEGATIVE 
SUPPLY 
GREATER 
THAN 
-I2V 
The AD7672 is designed to operate with a Vss input of 
- l2V ± 10%. In applications where the negative supply is greater 
than -12V, 
then a Zener diode in series with Vss can be used 
to reduce the supply. The Zener diode should have a dynamic 
impedance of not greater than 400. An example is given in 
Figure 3. The diode has a Zener voltage of 3V, which makes it 
suitable for a negative supply of - l5V ± 7%. 


Figure 3. Operation 
from 
Nominal 
Power 
Supplies 
of 5V 
and -15V 


CONVERTER 
DETAILS 
Conversion start is controlled by the CS and RD inputs. At the 
start of conversion the successive approximation 
register (SAR) 
is reset and the three-state data outputs are enabled. Once a 
conversion cycle has begun it cannot be restarted. 


During conversion, the internal 12-bit DAC is sequenced by the 
SAR from the most significant bit (MSB) to the least significant 
bit (LSB). Referring to Figure 4, the analog inputs (AINI & 
AIN2) connect to the comparator input via 5kO resistors. The 
DAC which has 2.5kO output impedence connects to the same 
comparator input. Bit decisions are made by the comparator 
(zero crossing detector) which checks the addition of each suc- 
cessive weighted bit from the DAC output against the analog 
inputs. The MSB decision is made 80ns (typically) after the 
second falling edge of CLK IN following a conversion start (see 
Figure 5). Similarly, the succeeding bit decisions are made 
approximately 
80ns after a CLK IN falling edge until conversion 


is ftnished. At the end of conversion, the DAC output current 
balances the current from the analog inputs. The SAR contents 
(12-bit data word) which represent the analog input signal are 
loaded into a l2-bit latch. 


CS&Ril=' 
/ 
I 
I:: 
L 
L 


BUSY' 
s~ 
~ 
IBOnsTYP 


eLKIN 
~ 
I 
CLKOUT~J"\..-FLJ 
t 
t 
t 
t 
0811 
0810 
oB1 
DBO 
(MSB) 
ILSB) • 


Figure 5. 
Operating 
Waveforms 
Using 
an External 
Clock 
Source 
for CLK IN 


CONTROL 
INPUTS 
SYNCHRONIZATION 
In applications where the RD control input is not synchronized 
with the ADC clock then conversion time can vary from 12 to 
13 CLK IN periods. This is because the ADC waits for the ftrst 
falling CLK IN edge after conversion start before the conversion 
procedure begins. Without synchronization, 
this delay can vary 
from zero to an entire clock period. If a constant conversion 
time is required, 
then the following approach may be used: 
when initiating a conversion, RD must go low on either the 
rising edge of CLK IN or the falling edge of CLK OUT. This 
ensures a ftxed conversion time that is 12.5 times the CLK IN 
period. 


DRIVING 
THE ANALOG 
INPUTS 
During conversion current from the analog inputs is modulated 
by the DAC output current at a rate equal to the CLK IN 
frequency (i.e., 4MHz when CLK IN = 4MHz). This causes 
voltage spikes (glitches) to appear at the analog inputs. The 
magnitude and settling time of these glitches depends on the 
open-loop output impedance and small signal bandwidth of the 
amplifter or sample and hold driving these inputs. These devices 
must have sufftcient drive to ensure that the glitches have settled 
within one clock period. An example of a suitable op amp is the 
AD OP-27. The magnitude of the largest glitch when using this 
device to drive one of the analog inputs is typically llmV with a 
200ns settling time. 


Suitable devices capable of driving the AD7672 analog inputs 
are the AD OP-27 and AD7ll 
op amps and the AD585 sample-and- 
hold. 


INTERNAL 
CLOCK 
OPERATION 
Fignre 6 shows the AD7672 internal clock circuit. A crystal or 
ceramic resonator may be connected between CLK IN (Pin 17) 
and CLK OUT (Pin 18) to provide a clock oscillator for the 
ADC timing. Alternatively the crystal/ceramic resonator may be 
omitted and an external clock source may be connected to CLK 
IN. For an external clock the mark/space ratio must be 50/50. 
An inverted CLK IN will appear at the CLK OUT pin as shown 
in the operating waveforms of Figure 5. 


NOTES 
AD7672XX03 
_ 4MHz 
CRYS TAUCERAMIC 
RESONATOR. 


AD7672XX05 
_ 2.5MHz 
CRYST 
AUCERAMIC 
RESONATOR. 


AD7672XX10_ 
1.25MHz 
CRYSTAUCERAMIC 
RESONATOR. 


C1 AND 
C2 CAPACITANCE 
VALUES 
DEPEND 
ON CRYSTAUCERAMIC 
RESONATOR 
MANUFACTURER. 
TYPICAL 
VALUES 
ARE FROM 
3OpFTO 
1oopf'. 


Figure 6. AD7672 Internal Clock Circuit 


ANALOG 
INPUT 
RANGES 
The AD7672 provides three user selectable analog input ranges; 
o to + SV, 0 to + JOVand ± SV. Figure 7 shows how to configure 
the two analog inputs (AINI and AIN2) for these ranges. 


UNIPOLAR 
OPERATION 
Figure 8 shows how to configure an ADS84 to produce a reference 
voltage of - SV for unipolar operation. 


v. 


OTO 
5\1 
OR 
OTO 
10V 


Figure 8. Unipolar Operation Using the AD584 as a 
Reference 


The ideal input/output 
characteristic 
is shown in Figure 9. The 
designed code transitions occur midway between successive 
integer LSB values (i.e., 
1I2LSB, 3/2LSBs ... 
FS -3/2 LSBs). 


The output code is natural binary with lLSB 
= FS/4096. 
FS 
is either + SV or + 10V depending on the analog inputs 
configuration. 


OUTPUT 
CODE 


....111! 


.110 


... 
101 


FUll 
SCALE 
TRANSrlK>N7 
,/ 
/ 
:::Li/ 


.. 001 


00 
.. ~ 
-------- 
I 
o 
1 
2 
J 


LSB 
lSB'S 
lSB'S 


I I 
! 
FS 


FS 
-1lSB 


Figure 9. AD7672 Ideal InputiOutput Transfer 
Characteristic for Unipolar Operation. 


OFFSET 
AND FULL-SCALE 
ERROR 
In most Digital Signal Processing (DSP) applications, 
offset and 
full-scale error have little or no effect on system performance. 
A 
typical example is a digital mter, where an analog input signal is 
quantized, digitally processed and recreated using a DAC. In 
these type of applications the offset error can be eliminated by 
ac coupling the recreated signal. Full-scale error effect is linear 
and does not cause problems as long as the input signal is within 
the full dynamic range of the ADC. An important 
consideration 
in DSP applications is Differential Nonlinearity 
and this is not 
affected by either offset or full-scale error. 


UNIPOLAR 
OFFSET 
AND FULL-SCALE 
ERROR 
ADJUSTMENT 
If absolute accuracy is an application requirement 
then offset 
and full-scale error can be adjusted to zero. Offset error must be 
adjusted before full-scale error. Figure JO shows the extra com- 
ponents required for full-scale error adjustment. 
Zero offset is 
achieved by adjusting the offset of the op amp driving the analog 
input (i.e., Al in Figure 10.). For zero offset error apply a 
voltage equal to 1/2LSB at VIN and adjust the op amp offset 
voltage until the ADC output code flickers between 
סס oo 0000סס oo andסס ooסס oo 000 I. 


o to + SV Range: 
1I2LSB = 0.61mV 
o to + 10V Range: 
1I2LSB = 1.22mV 


For zero full-scale error apply an analog input voltage equal to 
FS-3/2LSBs (last code transition) at VIN and adjust RI until the 
ADC output code flickers between 1111 1111 1110 and 
111111111111. 


o to + SV Range: 
FS-3/2LSBs 
o to + 10V Range: 
FS-3/2LSBs 


4.99817 
9.99634 


BIPOLAR 
OPERATION 
Bipolar operation is achieved by providing a + 10V span at the 
AINI input which is offset to :!: SV by applying + SV at the 
AIN2 input. This requires two reference voltages; - SV for the 
VREF input and + SV for the AIN2 input. Figure II demonstrates 
how to produce these voltages from an ADS84 and an inverting 
amplifier configuration. 
Alternatively, 
a convenient solution is 
to use the ADS88 voltage reference as in Figure 12. This device 
generates the required 
:!: SV with a minimum of additional 
components. 
It also offers excellent temperature 
stability with 
voltage drifts as low as I.SppmJOC. 


The ideal input/output 
transfer ~haracteristic after offset 
and gain adjustment 
is shown in Figure 13. The LSB size is 


(l0/4096)V 
= 2.44mV. 
.'v 


Figure ". 
Bipolar Operation Using anAD584 and an 
AD7110pAmp 


BIPOLAR 
OFFSET 
AND GAIN ADJUSTMENT 
In applications where absolute accuracy is important then offset 
and gain error can be adjusted to zero. Offset is adjusted by 
trimming 
the voltage at the AINI or the AIN2 input when the 
analog input is at - FS/2 
+ 1/2LSB. 
This can be achieved by 
adjusting the offset of an external amplifier used to drive either 
of these analog inputs. Alternatively the ADS88 voltage reference 
contains a balance control input which can be used to trim the 
offset to zero. An additional potentiometer 
(R2 in Figure 14) is 
required. 
The trim procedure 
is as follows: 


Apply -4.99878V 
(- FS/2 
+ 1/2LSB) 
at V1N and adjust R2 
until the ADC ouput code flickers betweenססoo 0000 0000 and 
ססooססoo 000I. 


Gain error can be adjusted at either the last positive code transition 
or the mid-scale transition (bipolar zero error adjust). Adjusting 
the positive end of the transfer function is in keeping with more 
conventional ADC calibration techniques where the user fixes 
the two end points as in the unipolar case. Bipolar zero adjustment 
is required in some applications (e.g., motor control) where the 
user must be guaranteed 
that the 0 III 
1I11 IIII 
to 
1000 0000ססoo transition occurs exactly when the analog input 
is 1I2LSB below AGND. The trim procedures for both cases 
are as follows. (See Figure 14.) 


Last Code Transition 
Adjust 
Apply a voltage of 4.99634 volts (FS/2 - 3/2LSBs) 
at V1N• Adjust 


RS until the ADC output code flickers between III I III1 
11I0 
and III1 
III1 
III I. 


• 


Figure 12. Bipolar Operation Using an AD588 Voltage 
Reference 


::: :::t'S 
100. 
000 
~ 


.11 
111 ! 
+~2LSB 


011 
1'0 
I~::' 
.l 
000. 
001 


000. 
000 
llSB = 4~:6 


• 
V1N• INPUT VOLTAGE 
(IN TERMS 
OF 
LSBsl 
Figure 13. Ideal Input/Output Transfer Characteristic for 
Bipolar Operation 


Figure 14. Bipolar Operation with Offset and Gain Error 
Adjust 


Bipolar Zero Error Adjust 
Apply a voltage of - I.22mV at VIN and adjust RS until the 
ADC output code flickers between OIlI 
IIII 
II II and 
1000 0000 0000. 


of the AD7672 digital inputs; CS and RD. Figure IS shows the 
equivalent logic circuit of these inputs. A high-to-Iow logic 
transition on CS and RD initiates a conversion. Once initiated it 
cannot be restarted until conversion is complete. Converter 
status is indicated by the BUSY output, 
and this is low while 
conversion is in progress. 


There are two modes of operation as outlined by the timing 
diagrams of Figures 16 and 17. Slow Memory Mode is designed 
for microprocessors 
that can be driven into aWAIT 
state, a 
READ operation brings CS and RD low, which initiates a con- 
version and data is read when conversion is complete. The 
second is the ROM Mode, which does not require microprocessor 
WAIT states. A READ operation brings CS and RD low 
which initiates a conversion and reads the previous conversion 
result. The data format for both modes is designed for parallel 
interfacing. 


cs\ 
f 
L- 


~h~ 
~.~ 
~h~ 
RD\~ 
~f---L 


-1.,r-'-"---j 
~ 
..----j 
iUsYj}---:{ ..~~.,~ 
L- 


DATA -----..:f 
OLD DATA 
~ 
C 
~ 
0811-080 
~------- 


••.. 
. 
-"'~.C 
'W-4. ••. O•.Q.;I,U 
.LVI. 
•.nvw 
nU::UlUlY 
lVlooe. 


CS and RD going low triggers a conversion and the AD7672 
acknowledges by taking BUSY low. Data from the previous 
conversion appears on the three-state data outputs. BUSY returns 
high at the end of conversion when the output latches have been 
updated and the conversion result is placed on the output data 
bus. 


ROM MODE 
The ROM Mode avoids placing a microprocessor 
into a wait 
state. A conversion is started with a READ operation and the 
12-bits of data from the previous conversion are available on the 
data outputs while CS and RD are low. This data may be disre- 
garded if not required. 
A second READ operation reads the 
new data and starts another conversion. A delay at least as long 
as the AD7672 conversion time must be allowed between READ 
operations. 


MICROPROCESSOR INTERFACING 
The AD7672 is designed to interface to microprocessors 
as a 
memory mapped device. The CS and RD inputs are common 
control inputs to all peripheral memory interfacing. 


MC68000 MICROPROCESSOR 
Figure 18 shows a typical interface for the MC68ooo. The AD7672 
is operating in the Slow Memory Mode. Assuming the AD7672 
is located at address COOOthen the following single 16-bit MOVE 
instruction 
both starts a conversion and reads the conversion 
result. 


Move. W $COOO,DO 


At the beginning of the instruction 
cycle when the ADC address 
is selected, BUSY and CS assert DTACK, 
so that the 68000 is 
forced into a WAIT state. At the end of conversion BUSY 
returns high and the conversion result is placed in the DO register 
of the UP. 


rne 
Ff.U7fiTZ'IS 
operatmg m the ~Iow Memory Mode and a two 
byte read is required. 
Not shown in the Figure is the 8-bit latch 
required to demultiplex 
the 8085A common address/data bus. 
The following LOAD instruction 
starts a conversion and reads 
the conversion result into the HL register pair. 


Forthe8085A 
For the Z-80 
LHLD 
(BOOO) 
LDHL 
(BOOO) 


This is a two byte read instruction. 
During the first read operation, 
BUSY forces the microprocessor 
to wait for the AD7672 conver- 
sion. At the end of conversion the low byte (DB7-DBO) is loaded 
into the HL register pair and the high byte (DBll-DB8) 
is 
latched into a 74HC374. No WAIT states are inserted during 
the second read operation when the microprocessor is reading 
the high data byte. 


IBM PC· COMPUTER 
The - l2V power supply operation of the AD7672 makes it an 
ideal choice for the IBM PC. A typical interface is shown in 
Figure 20. The AD7672 is configured in the ROM mode. Two 
addresses are required to read the l2-bit ADC data over the 8- 
bit data bus. An 1/0 read instruction 
to the ADC address (BOOO) 
starts a conversion and reads the low data byte (DB7-DBO). 
This data is from the previous conversion. The high byte (DBll- 
DB8) may be read with a similar 1/0 instruction to the 74HC374 
latch (address Bool). Alternatively the up-to-date data may be 
read at the end of conversion. The AD7672 BUSY may be used 
to interrupt 
the IBM PC as shown in Figure 20. The data is 
then read with two 110 instructions 
as before. Note a read in- 
struction to the ADC should not be attempted 
while conversion 
is in progress. 


ADOR 
•••• 
os 


iiD 


BUSY 


AD7672- • 
oB11 


DBa 


DB7 


ADSP-2100 DIGITAL 
SIGNAL 
PROCESSOR 
The ADSP-2Ioo 
like other digital signal processors requires 
very fast data access times beyond the capabilities of the AD7672. 
This problem is easily overcome by inserting 74HC374 latches 
in the data bus as in Figure 21. Again for this interface a single 
instruction is sufficient to read the AD7672 conversion result. 


This instruction 
initiates a conversion and reads the previous 
conversion result into the MRO register. CS and RD are gated 
so that they remain low for the duration of the conversion. Note 
that no WAIT states are inserted even though the AD7672 is 
configured for a Slow Memory mode. At the end of conversion, 
BUSY going high latches the new result into the 74HC374 
latches. An RC delay is inserted to compensate for the data 
setup time after BUSY (t,;). 


TMS32010 MICROCOMPUTER 
Figure 22 shows an AD7672-TMS32010 
interface. The AD7672 
is operating in the ROM mode. The interface is designed for a 
maximum TMS32010 clock frequency of I8MHz but will typically 
work over the full TMS320IO clock frequency range. 


The AD7672 is mapped at a port address. The following 1/0 
instruction starts a conversion and reads the previous conversion 
result into data memory. 


IN A,PA (PA = PORT ADDRESS) 


When conversion is complete, a second 1/0 instruction 
reads the 
up-to-date data into the accumulator and starts another conversion. 
A delay at least as long as the ADC conversion time must be 
allowed between 1/0 instructions. 


APPLICATION 
HINTS 
Good printed circuit board (PCB) layout is as important as the 
circuit design itself in achieving high speed AID performance. 
For I2-bit performance 
the AD7672's comparator is required to 
make bit decisions to an accuracy of O.6ImV. To achieve this, 
the designer has to be conscious of noise both in the ADC itself 
and the preceding analog circuitry. Switching mode power supplies 
are not recommended 
as the switching spikes will feed through 
to the comparator causing noisy code transitions. 
Other causes 


of concern are ground loops and digital feedthrough from 
microprocessors. 
These are factors which influence any ADC, 
and a proper PCB layout which minimizes these effects is essential 
for best performance. 


LAYOUT 
HINTS 
Ensure that the layout for the printed circuit board has the 
digital and analog signal lines separated as much as possible. 
Take care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 


Establish a single point analog ground (star ground) separate 
from the logic system ground at Pin 3 (AGND) or as close as 
possible to the AD7672 as shown in Figttre 23. Connect all 
other grounds and Pin 12 (AD7672 DGND) to this single analog 
ground point. Do not connect any other digital grounds to this 
analog ground point. Low impedance analog and digital power 
supply common returns are essential to low noise operation of 
the ADC, so make the foil width for these tracks as wide as 
possible. The use of ground planes minimizes impedance paths, 
while guarding the analog circuitry from digital noise. Keep 
analog and digital grounds separate and only join them at the 
AD7672 AGND pin. 


NOISE: 
Keep the input signal leads to AIN and signal return 
leads from AGND (Pin3) as short as possible to minimize input 
noise coupling. In applications where this is not possible use a 
shielded cable between the source and the ADC. Reduce the 
ground circuit impedance as much as possible, since any potential 
difference in grounds between the signal source and the ADC 
appears as an error voltage in series with the input signal. 


Microprocessor applications generate noisy environments, 
making 
12-bit performance 
difficult to achieve, especially when the 
ADC is connected to a continously active bus. The problem can 
be eliminated by forcing the tLicroprocessor into aWAIT 
state 
during conversion (see Slow Memory Mode interfacing), 
or by 


using three-state buffers to isolate the AD7672 data bus. 


r'IIII ANALOG 
WDEVICES 


I 


FEATURES 
Monolithic 16-Bit ADC 
0.0015% Linearity Error 
On-Chip Self-Calibration Circuitry 
Programmable Low Pass Filter 
0.1 Hz to 10 Hz Corner Frequency 
o to +2.5 V or ±2.5 V Analog Input Range 
4 kSPS Output Data Rate 
Flexible Serial Interface 
Ultra low Power 


APPLICATIONS 
Industrial Process Control 
Weigh Scales 
Portable Instrumentation 
Remote Data Acquisition 


GENERAL DESCRIPTION 
The AD7701 is a 16-bit ADC which uses a sigma delta conver- 
sion technique. The analog input is continuously sampled by an 
analog modulator whose mean output duty cycle is proportional 
to the input signal. The modulator output is processed by an 
on-chip digital filter with a six-pole Gaussian response, which 
updates the output data register with 16-bit binary words at 
word rates up to 4 kHz. The sampling rate, filter corner fre- 
quency and output word rate are set by a master clock input 
that may be supplied externally, or by a crystal-controlled 
on- 
chip clock oscillator. 


The inherent linearity of the ADC is excellent, and end-point 
accuracy is ensured by self-calibration of zero and full-scale 
which may be initiated at any time. The self-calibration scheme 
can also be extended to null system offset and gain errors in the 
input channel. 


The output data is accessed through a flexible serial port, which 
has an asynchronous mode compatible with UARTs and two 
synchronous modes suitable for interfacing to shift registers or 
the serial ports of industry-standard 
microcontrollers. 


CMOS construction 
insures low power dissipation, and a power 
down mode reduces the idle power consumption to only 10 J.l.W. 


LC2MOS 
16-Bit AID Converter 


AD7701 
I• 


PRODUCT 
HIGHLIGHTS 
1. The AD7701 offers 16-bit resolution coupled with outstand- 
ing 0.00 IS% accuracy. 


2. No missing codes ensures true, usable, 16-bit dynamic range, 


removing the need for programmable 
gain and level-setting 
circuitry. 


3. The effects of temperature 
drift are eliminated by on-chip 
self-calibration, which removes zero and gain error. External 
circuits can also be included in the calibration loop to remove 
system offsets and gain errors. 


4. A flexible synchronous/asynchronous 
interface allows the 
AD7701 to interface directly to UARTs or to the serial ports 
of industry-standard 
microcontrollers. 


5. Low operating power consumption and an ultralow power 
standby mode make the AD7701 ideal for loop-powered re- 
mote sensing applications, or battery-powered 
portable in- 
struments. 


(TA = +25°C; 
AVoo = DVoo = +5 
V; AVss = DVss = -5 
V; VREF = +2.5 
V; 


AD7701 
SPECIFICATIONS 


fCLKIN = 4.096 MHz; Bipolar Mode; MODE = +5 V; A1N Source Resistance = 
- 
750 n1 with 1 nF to AGND at A1N• unless otherwise stated.) 


Parameter 
A, S Versions2 
B, T Versions2 
Units 
Test Conditions/Comments 


STATIC 
PERFORMANCE 
Resolution 
16 
16 
Bits 


Integral Nonlinearity 
Tmin to Tmax 
±0.0007 
% FSR typ 


±0.003 
±0.0015 
% FSRmax 
Differential 
Nonlinearity 
Tmin to Tmax 
±0.125 
±0.125 
LSB typ 
Guaranteed 
No Missing Codes 


±0.5 
±0.5 
LSB max 
Positive Full-Scale Error' 
±0.13 
±0.13 
LSB typ 
±0.5 
±0.5 
LSB max 
Full-Scale Drift' 
±1.2 (±2.3 
S Version) 
± 1.2 (±2.3 
T Version) 
LSB typ 
Unipolar Offset Error' 
±0.25 
±0.25 
LSB typ 


±I 
±I 
LSB max 
Unipolar Offset Drift' 
± 1.6 (+ 3/- 25 S Version) 
±1.6 (+3/-25 
T Version) 
LSB typ 
Bipolar Zero Error' 
±0.25 
±0.25 
LSB typ 


±I 
±I 
LSB max 
Bipolar Zero Drift' 
±0.8 (+ 1.5/-12.5 
S Version) 
±0.8 (+1.5/-12.5 
T Version) 
LSB typ 
Bipolar Negative Full-Scale Error' 
±0.5 
±0.5 
LSB typ 


±2 
±2 
LSB max 
Bipolar Negative Full-Scale Drift' 
±0.6 (±1.2 
S Version) 
±0.6 (± 1.2 T Version) 
LSB typ 
Noise (Referred 
to Output) 
0.1 
0.1 
LSB rms typ 


DYNAMIC 
PERFORMANCE 
Sampling Frequency, 
fs 
fCLKJN/256 
fCLK3N/256 
Hz 
Outpur Update Rate, fOUT 
fCLKIN/1024 
fcLK3N/1024 
Hz 
Filter Comer Frequency, L, dB 
fCLKIN/409,600 
fCLKIN/409,600 
Hz 
Settling Time to ±0.0007% 
FS 
507904/fcLKIN 
507904/fcLKIN 
sec 
For Full-Scale Input Step 


SYSTEM CALIBRATION 
Applies to Unipolar and 
Positive Full-Scale Overrange 
VREF +0.1 
VREF +0.1 
Vmax 
Bipolar Ranges. After Cali- 
Positive Full-Scale Overrange 
VREF +0.1 
VREF +0.1 
Vmax 
bration, 
If A1N> VREF' the 
Negative Full-Scale Overrange 
-(VREF +0.1) 
-(VREF +0.1) 
Vmax 
Device Will Output 
All l.s 
Maximum Offset Calibration 
Range" 
6 
If A1N <0 
(Unipolar) or 
Unipolar Input Range 
-(VREF +0.1) 
-(VREF +0.1) 
Vmax 
-VREF (Bipolar), the Device 
Bipolar Input Range 
-0.4 
VREF to +0.4 VREF 
-0.4 
VREF to +0.4 VREF 
Vmax 
Will Output 
All Os. 


Input Span' 
0.8 VREF 
0.8 VREF 
Vmin 
2 VREF +0.2 
2 VREF +0.2 
Vmax 


ANALOG 
INPUT 
Unipolar Input Range 
Oto +2.5 
o to +2.5 
Volts 
Bipolar Input Range 
±2.5 
±2.5 
Volts 
Input Capacitance 
10 
10 
pF typ 
Input Bias Current I 
I 
I 
nA typ 


LOGIC INPUTS 
All Inputs Except CLKIN 
V1NL, Inpur Low Voltage 
0.8 
0.8 
Vmax 
V1NH, Input High Voltage 
2.0 
2.0 
Vmin 
CLKIN 
VJNU Input Low Voltage 
0.8 
0.8 
Vmax 
V1NH, Input High Voltage 
3.5 
3.5 
Vmin 
I1N, Input Current 
10 
10 
~Amax 


LOGIC OUTPUTS 
VOL' Output 
Low Voltage 
0.4 
0.4 
Vmax 
IS1NK= 1.6 mA 
VOH, Output 
High Voltage 
DVoo-1 
DVoo-1 
Vmin 
IsouRcE = I00 ~A 
Floating State Leakage Current 
±1O 
±1O 
~A max 
Floating State Output 
Capacitance 
9 
9 
pF typ 


Parameter 
A, S Versionsl 
B, T Versions2 
Units 
Test 
Conditions/Comments 


POWER 
REQUIREMENTS' 


Power Supply Voltages 
Analog Positive Supply (AVDO) 
4.5/5.5 
4.5/5.5 
VminlVmax 
Digital Positive Supply (DV DO) 
4.5/AVoo 
4.5/AVoo 
VminIVmax 
Analog Negative Supply (AVss) 
-4.5/-5.5 
-4.5/-5.5 
VminlVmax 
Digital Negative Supply (DV ss) 
-4.5/-5.5 
-4.5/-5.5 
VminIVmax 
Calibration 
Memory Retention 
Power Supply Voltage 
2.0 
2.0 
Vmin 
DC Power Supply Currents' 


Analog Positive Supply (Aloo) 
3.2 
3.2 
mA max 
Typically 2 mA 
Digital Positive Supply (DIDO) 
1.5 
1.5 
mA max 
Typically 
1 mA 
Analog Negative Supply (AIss) 
3.2 
3.2 
mA Max 
Typically 2 mA 
Digital Negative Supply (DIss) 
0.1 
0.1 
mA max 
Typically 0.03 mA 
Power Supply Rejection' 


Positive Supplies 
70 
70 
dB ryp 
Negative Supplies 
75 
75 
dB ryp 
Power Dissipation 
--- 
Normal Operation 
40 
40 
mWmax 
SLEEP = Logic 1, 
Typically 25 mW 


Standby Operation I. 
20 (40 S Version) 
20 (40 T Version) 
jJ.Wmax 
SLEEP = Logic 0, 
Typically 
10 jJ.W • 


NOTES 
IThe A1N 
pin presents 
a very high impedance 
dynamic 
load which 
varies with clock 
frequency. 


2Temperature 
ranges 
are as follows: 
A, B Versions; 
-40OC 
to +8SoC; 
S, T Versions; 
-55°C 
to + 125 


DC. 


JApply 
after calibration 
at the temperature 
of interest. 
Full-scale 
error applies 
for both unipolar 
and bipolar 
input 
ranges. 


~O[al drift over the specified 
temperature 
range since 
calibration 
at power-up 
at + 25°C. This 
is guaranteed 
by design 
and/or 
characterization. 
Recalibrarion 
at 
any temperature 
will remove 
these 
errors. 


SIn unipolar 
mode 
the offset 
can have a negative 
value (- V REF) such that the unipolar 
mode 
can mimic 
bipolar 
mode 
operation. 


6'J'he specifications 
for input overrange 
and for input 
span apply additional 
constraints 
on the offset 
calibration 
range. 


7For unipolar 
mode, 
input 
span is the difference 
between 
full-scale 
and zero scale. 
Fir bipolar 
mode, 
input 
span is the difference 
between 
positive 
and negative 


full-scale 
points. 
When 
using 
less than the maximum 
input 
span, 
the span range may be placed 
anywhere 
within 
the range of :t(VREF 
+0.1). 


'All digital outputs unloaded. All digital inputs at 5 V CMOS levels. 
'Applies in 0.1 Hz to 10 Hz bandwidth. PSRR at 60 Hz will exceed 120 dB due to the digital filter. 
"CLKIN 
is stopped. All digital inputs are grounded. 


Specifications 
subject 
to change 
without 
notice. 


ABSOLUTE 
MAXIMUM 
RATINGS' 


(T A = + 25°C unless 
otherwise 
noted) 


DVDD 
to AGND 
-0.3 
V to +6 
V 
DVDD 
to AVDD 
.•••......••.•..•• 
-0.3 
V to +0.3 
V 
DV ss to AGND 
. 
+0.3 
V to -6 
V 
AVDD 
to AGND 
-0.3 
V to +6 
V 
AVss 
to AGND 
+0.3 
V to -6 
V 
AGND 
to DGND 
-0.3 
V to +0.3 
V 
Digital 
Input 
Voltage 
to DGND 
-0.3 
V to DVDD 
+0.3 
V 
Analog 
Input 


Voltage 
to AGND 
AVss 
-0.3 
V to AVDD 
+0.3 
V 
Input 
Current 
to Any Pin Except 
Suppliesz 
± 10 mA 
Operating 
Temperature 
Range 


Commercial 
Plastic 
(A, B Versions) 
-40°C 
to +85°C 


Industrial 
Cerdip 
(A, B Versions) 
-40°C 
to +85°C 
Extended 
Cerdip 
(S, T Version) 
-55°C 
to + 125°C 
Storage 
Temperature 
Range 
-65°C 
to + 150°C 
Lead 
Temperature 
(Soldering, 
10 sees) 
+ 300°C 
Power 
Dissipation 
(Any 
Package) 
to +75°C 
450 mW 
Derates 
above 
+75°C 
by 
10 mWrC 


NOTES 


IStresses 
above 
those 
listed 
under 
UAbsolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the device. 
This 
is a stress 
rating 
only 
and functional 
operation 
of the device 
at these or any other conditions 
above those listed in the 
operational 
sections 
of this specification 
is not implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 
2Transient 
currents 
of up to 100 mA will not cause 
SCR latch-up. 


CAUTION 


ESD 
(electrostatic 
discharge) 
sensitive 
device. 
The 
digital 
control 
inputs 
are 
diode 
protected; 
however, 
permanent 
damage 
may 
occur 
on unconnected 
devices 
subject 
to high 
energy 
electro- 
static 
fields. 
Unused 
devices 
must 
be stored 
in conductive 
foam 
or shunts. 
The 
protective 
foam 
should 
be discharged 
to the destination 
socket 
before 
devices 
are removed. 


WARNING! 0 


~~OEVICE 


Pin 
Mnemonic 
Description 


MODE 
Selects the Serial Interface 
Mode. 
If MODE 
is tied to -5 
V, the AD7701 will operate 
in the asynchronous 
communications 
(Ae) mode. The SCLK 
pin is configured 
as an input, 
and data is transmitted 
in two bytes, 
each with one stan bit and two stop bits. If MODE 
is tied to DGND, 
the synchronous 
external 
clocking 


(SEe) 
mode is selected. 
SCLK is configured 
as an input, 
and the output 
appears without 
formatting, 
the MSB 
coming first. If MODE 
is tied to +5 V, the AD7701 operates 
in the synchronous 
self-clocking 
(SSe) 
mode. 


SCLK is configured 
as an output, 
with a clock frequency 
of fCLKIN/4 and 25% duty-cycle. 


Clock Output 
to generate 
an Internal 
Master Clock by connecting 
a crystal between CLKOUT 
and CLKIN. 
If 
an external 
clock is used, CLKOUT 
is not connected. 


Clock Input 
for External 
Clock. 


System Calibration 
Pins. The state of these pins, when CAL is taken high, determines 
the type of calibration 
performed. 


Digital Ground. 
Ground 
reference 
for all digital signals. 


Digital Negative 
Supply, 
- 5 V nominal. 


Analog Negative 
Supply, 
-5 
V nominal. 


Analog Ground. 
Ground 
reference 
for all analog signals. 


Analog Input. 


Voltage Reference 
Input, 
+2.5 
V nominal. 
This determines 
the value of positive full-scale in the unipolar 
mode and of both positive and negative full-scale in the bipolar mode. 


Sleep mode pin. When this pin is taken low, the AD770 I goes into a low-power 
mode with typically 
10 •.•.W 


power consumption. 


BipolarlUnipolar 
Mode Pin. When this pin is low, the AD7701 is configured 
for a unipolar 
input range going 
from AGND 
to VREF• When Pin 12 is high, the AD7701 is configured 
for a bipolar 
input range, 
±VREF• 


Calibration 
Mode Pin. When CAL is taken high for more than 4 cycles, the AD7701 is reset and performs 
a 


calibration 
cycle when CAL is brought 
low again. The CAL pin can also be used as a strobe to synchronize 
the operation 
of several AD770Is. 


Analog Positive Supply, 
+ 5 V nominal. 


Digital Positive Supply, 
+ 5 V nominal. 


Chip Select Input. 
When CS is brought 
low, the AD7701 will begin to transmit 
serial data in a format deter- 
mined by the state of the MODE 
pin. 


Data Ready output. 
DRDY 
is low when valid data is available in the output 
register. 
It goes high after trans- 
mission of a word is completed. 
It also goes high for four clock cycles when a new data word is being loaded 
into the output register, to indicate that valid data is not available, irrespective of whether data transmission is 
complete 
or not. 


Serial Clock Input/Output. 
The SCLK pin in configured 
as an input or output, 
dependent 
on the type of se- 
rial data transmission 
that has been selected by the MODE 
pin. When configured 
as an output 
in the synchro- 
nous self-clocking 
mode, it has a frequency 
of fcLKIN/4 and a duty cycle of 25%. 


Serial Data Output. 
The AD7701's 
output 
data is available at this pin as a 16-bit serial word. The transmis- 
sion format is determined 
by the state of the MODE 
pin. 


2 
CLKOUT 


CLKIN 


4,17 
SCI, SC2 


5 
DGND 


6 
DVss 


7 
AVss 


8 
AGND 


9 
AIN 


10 
VREF 


11 
SLEEP 


12 
BPIUP 


13 
CAL 


14 
AVoo 


IS 
DVoo 


16 
CS 


18 
DRDY 


19 
SCLK 


20 
SDATA 


Temperature 
Linearity 
Package 
Modell 
Range 
Error 
(%FSR) 
Options2 


AD770IAN 
-40°C 
to +85°C 
0.003 
N-20 
AD770IBN 
-40°C 
to +8SoC 
0.0015 
N-20 
AD770IAR 
-40°C 
to + 85°C 
0.003 
R-20 
AD770IBR 
-40°C 
to +8SoC 
0.0015 
R-20 
AD770IAQ 
-40°C 
to +8SoC 
0.003 
Q-20 
AD770IBQ 
-40°C 
to +8SoC 
0.0015 
Q-20 
AD770ISQ3 
-55°C 
to + 125°C 
0.003 
Q-20 
AD770ITQ3 
-55°C 
to + 125°C 
0.0015 
Q-20 


MODE 
SDATA 


seLK 


DRDY 


SC2 


Os 


DYOD 


AVoo 


eAL 


BPJUP 


VREF 
NOTES 
'To order MIL-STD-883B, Class B processed parts, add /883B to part num- 
ber. Contact your local sales office for military data sheet. 
2N 
::= Plastic 
DIP; 
P = Plastic 
Leaded 
Chip Carrier; Q 
::= Cerdip; 


R 
::= sOle. For outline 
information 
see Package 
Information 
section. 
3Available 
to /883B processing 
only. 


TIMING CHARACTERISTICS 1, 2 


(AVoo= oVoo = +5 V ± 10%; AVss = OVss = -5 
V ± 10%; AGNO 


feLKIN = 4.096 MHz; Input Levels: Logic 0 = 0 V, Logic 1 = OVoo) 


Limit at T min' T max 
Limit at T min' T max 
Parameter 
(A, B Versions) 
(5, T Versions) 
Units 
Conditions/Comments 


fCLKIN3, • 
40 
40 
kHz min 
Master Clock Frequency: 
Internal Gate Oscillator 
5 
5 
MHzmax 
Typically 4.096 MHz 
40 
40 
kHz min 
Master Clock Frequency: Externally Supplied 
5 
5 
MHz max 
t,> 
50 
50 
ns max 
Digital Output Rise Time. Typically 20 ns 


tf' 
50 
50 
ns max 
Digital Output Fall Time. Typically 20 ns 


t, 
0 
0 
ns min 
SCI, SC2 to CAL High Setup Time 
t2 
50 
50 
ns min 
SCI, SC2 Hold Time After CAL Goes High 
t36 
1000 
1000 
ns min 
SLEEP High to CLKIN 
High Setup Time 


SSC Mode 
t; 
3/fcLKIN 
3/fcLKIN 
ns min 
Data Access Time (CS Low to Data Valid) 


ts 
100 
100 
ns max 
SCLK Falling Edge to Data Valid Delay (25 ns typ) 


t6 
250 
250 
os min 
MSB Data Setup Time. Typically 380 ns 


t7 
300 
300 
ns max 
SCLK High Pulse Width. Typically 240 ns 


t8 
790 
790 
ns max 
SCLK Low Pulse Width. Typically 730 ns 
to" 
l/fCLKIN + 200 
l/fCLKIN + 200 
ns max 
SCLK Rising Edge to Hi-Z Delay (l/fCLKIN + 100 ns typ) 


tlO8,9 
(4/fcLKIN) +200 
(4/fcLKIN) +200 
ns max 
CS High to Hi-Z Delay 


SEC Mode 
fSCLK 
5 
5 
MHz 
Serial Clock Input Frequency 


t" 
50 
50 
ns min 
SCLK Input High Pulse Width 
t12 
180 
180 
nsmin 
SCLK Low Pulse Width 
tl3 
7.10 
160 
160 
ns max 
Data Access Time (CS Low to Data Valid). Typically 80 ns 


tl• 
11 
150 
150 
ns min 
SCLK Falling Edge to Data Valid Delay. Typically 75 ns 


tIS8 
250 
250 
nsmin 
CS High to Hi-Z Delay 
tl6 8 
200 
200 
ns min 
SCLK Falling Edge to Hi-Z Delay. Typically 100 ns 


AC Mode 
tl7 
40 
40 
ns max 
CS Setup Time. Typically 20 ns 


tl8 
180 
180 
ns max 
Data Delay Time. Typically 90 ns 
tl9 
200 
200 
ns max 
SCLK Falling Edge to Hi-Z Delay. Typically 100 ns 


• 


NOTES 


ISample 
tested 
at +25°C to ensure 
compliance. 
All input 
signals 
are specified 
with tr = 
If = 5 os (10% to 90% of 5 V) and timed 
from a voltage 
level of 1.6 V. 


2See Figures 
1 to 5. 


3CLKIN 
Duty 
Cycle 
range is 20% to 80%. eLKIN must 
be supplied 
whenever 
the AD7701 
is not in SLEEP 
mode. 
If no clock 
is present 
in this case, 
the de- 
vice can draw higher 
current 
than specified 
and possibly 
become 
uncalibrated. 


'7he 
AD7701 
is production 
tested 
with 
feLKIN 
at 4.096 
MHz. 
It is guaranteed 
by characterization 
to operate 
at 200 kHz. 


5Specified 
using 
10% and 90% points 
on waveform 
of interest. 


61n order to synchronize 
several 
AD770ls 
together 
using 
the SLEEP 
pin, 
this specification 
is met. 


1t4 and t13 are measured 
with the load circuit 
of Figure 
1 and defined 
as the time required 
for an output 
to cross 0.8 V or 2.4 V. 


8t8, tlO• 
t15 and tl6 
are derived 
from the measured 
time taken 
by the data outputs 
to change 0.5 V when 
loaded 
with the circuit 
of Figure 
1. The measured 
number 
is then extrapolated 
back to remove 
the effects 
of charging 
or discharging 
the 100 pF capacitor. 
This 
means 
that the time quoted 
in the Timing 
Char- 


acteristics 
is the true bus relinquish 
time of the part and as such as independent 
of external 
bus loading 
capacitance. 


9If ~ 
is returned 
high before 
all 16 bits are output, 
the SDATA 
and SCLK 
outputs 
will complete 
the current 
data bit and then go to high impedance. 


101£ CS is activated 
asynchronously 
to DRDY, 
CS will not be recognized 
if it occurs 
when 
DRDY 
is high for four clock 
cycles. 
The 
propagation 
delay time may 


be as great as 4 CLKIN 
cycles 
plus 
160 ns. To guarantee 
proper 
clocking 
of SDATA 
when 
using 
asynchronous 
CS, the SCLK 
input 
should 
not be taken 
high 


sooner then 4 CLKIN cycles plus 160 ns after CS goes low. 
"SDATA is clocked out on the f8lling edge of the SCLK input. 


Figure 1. Load Circuit for Access 
Time and Bus Relinquish Time 
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LINEARITY ERROR 
This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The end- 
points of the transfer function are Zero-Scale (not to be con- 
fused with Bipolar Zero), a point 0.5 LSB below the first code 
transition (000 ... 
000 to 000 ... 
001) and Full-Scale, a 
point I. 5 LSB above the last code transition (III 
. . . 110 to 
III 
... 
III). 
The error is expressed as a percentage of 
full scale. 


DIFFERENTIAL 
LINEARITY ERROR 
This is the difference between any code's actual width and the 
ideal (I LSB) width. Differential Linearity Error is expressed in 
LSBs. A differential linearity specification of ±I LSB or less 
guarantees monotonicity. 


POSITIVE FULL-SCALE 
ERROR 
Positive Full-Scale Error is the deviation of the last code transi- 
tion(lll 
... 
110to 
III 
... 
Ill) 
from the ideal (VREF -3/2 
LSBs). It applies to both positive and negative analog input 
ranges and it is expressed in microvolts. 


UNIPOLAR OFFSET ERROR 
Unipolar Offset Error is the deviation of the first code transition 
from the ideal (AGND + 0.5 LSB) when operating in the uni- 
polar mode. It is expressed in microvolts. 


DiiiiY 
\~------11-----'- 


os::1~-----"------ 


SClK(O)~'f~:1~~~--r~M 
~- '~r--~r:~' 


SOAT"'~r~ 


BIPOLAR ZERO ERROR 
This is the deviation of the mid-scale transition (0111 ... 
III 
to 1000 ... 
000) from the ideal (AGND - 0.5 LSB) when op- 
erating in the bipolar mode. It is expressed in microvolts. 


BIPOLAR NEGATIVE FULL-SCALE 
ERROR 
This is the deviation of the first code transition from the ideal 
(-VREF + 0.5 LSB), when operating in the bipolar mode. It is 
expressed in microvolts. 


POSITIVE FULL-SCALE 
OVERRANGE 
Positive Full-Scale Overrange is the amount of overhead avail- 
able to handle input voltages greater than +VREF 
( for example, 


noise peaks or excess voltages due to system gain errors in sys- 
tem calibration routines) without introducing 
errors due to over- 
loading the analog modulator or overflowing the digital filter. It 
is expressed in millivolts. 


NEGATIVE FULL-SCALE 
OVERRANGE 
This is the amount of overhead available to handle voltages be- 
low - VREF without overloading the analog modulator or over- 
flowing the digital fl!ter. Note that the analog input will accept 
negative voltage peaks even in the unipolar mode. The overhead 
is expressed 
in millivolts. 


In the system cahbranon 
modes (:iC.llow) the AU77UI calI- 
brates its offset with respect to the A1N pin. The Offset Calibra- 
tion Range specification defines the range of voltages, expressed 
as a percentage of VREF that the AD770 I can accept and still 
calibrate offset accurately. 


FULL-SCALE 
CALIBRATION RANGE 
This is the range of voltages that the AD770 I can accept in the 
system calibration mode and still calibrate full-scale correctly. 


INPUT SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD7701's analog input define the analog input range. 
The input span specification defines the minimum and maxi- 
mum input voltages from zero to full-scale that the AD7701 can 
accept and still calibrate gain accurately. The input span is ex- 
pressed as a percentage of VREF' 


GENERAL DESCRIPTION 
The AD7701 is a 16-bit ND converter with on-chip digital fil- 
tering, intended for the measurement 
of wide dynamic range, 
low frequency signals such as those representing chemical, phys- 
ical or biological processes. It contains a charge-balancing 
(sigma-delta) ADC, calibration microcontroller with on-chip 
static RAM, a clock oscillator and a serial communications 
port. 


The analog input signal to the AD7701 is continuously sampled 
at a rate determined by the frequency of the master clock, 
CLKIN. 
A charge-balancing ND converter (Sigma Delta Modu- 
lator) converts the sampled signal into a digital pulse train 
whose duty cycle contains the digital information. 
A six-pole 
Gaussian digital low-pass fllter processes the output of the mod- 
ulator and updates the 16-bit output register at a 4 kHz rate. 
The output data can be read from the serial port randomly or 
periodically at any rate up to 4 kHz. 
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bration microcontroller 
and SRAM to store calibration parame- 
ters. A calibration cycle may be initiated at any time using the 
CAL control input. 


Other system components may also be included in the calibra- 
tion loop to remove offset and gain errors in the input channel. 


For battery operation, the AD7701 also offers a standby mode 
that reduces idle power consumption 
to typically 10 f.l.W. 


THEORY OF OPERATION 
• 
The general block diagram of a sigma delta ADC is shown in 
Figure 8. It contains the following elements. 


1. A sample-hold amplifier. 
2. A differential amplifier or subtractor. 
3. An analog low pass filter. 
4. A I-bit ND converter (comparator). 
5. A I-bit DAC. 
6. A digital low pass filter. 


In operation, the analog signal sample is fed to the subtractor, 
along with the output of the I-bit DAC. The filtered difference 
signal is fed to the comparator, 
whose output samples the differ- 
ence signal at a frequency many times that of the analog signal 
sampling frequency (oversampling). 


51H AMP 


~ 


Oversampling is fundamental to the operation of sigma delta 
ADCs. Using the quantization 
noise formula for an ADC: 


SNR 
= 16.02 x number of bilS + 1.761dB 


a I-bit ADC or comparator yields an SNR of 7.78 dB. 


The AD7701 samples the input signal at 16 kHz, which spreads 
the quantization 
noise from 0 to 8 kHz. Since the specified ana- 
log input bandwidth of the AD7701 is only 0 to 10 Hz, the 
noise energy in this bandwidth would be only 1/800 of the total 
quantization noise, even if the noise energy was spread evenly 
throughout 
the spectrum. It is reduced still further by analog 
filtering in the modulator loop, which shapes the quantization 
noise spectrum to move most of the noise energy to frequencies 
above 10 Hz. The SNR performance in the 0 to 10 Hz range is 
conditioned to the 16-bit level in this fashion. 


The output of the comparator provides the digital input for the 
I-bit DAC, so that the system functions as a negative feedback 
loop that tries to minimize the difference signal. The digital data 
that represents the analog input voltage is contained in the duty 
cycle of the pulse train appearing at the output of the compara- 
tor. It can be retrieved as a parallel binary data word using a 
digital filter. 


lowpass tilter or integrator. 
It also illustrates the derivation of 
the alternative name for these devices: Charge-Balancing ADCs. 


The term charge-balancing comes from the fact that this system 
is a negative feedback loop that tries to keep the net charge on 
the integrator capacitor at zero, by balancing charge injected by 
the input voltage with charge injected by the I-bit DAC. When 
the analog input is zero, the only contribution 
to the integrator 


output comes from the I-bit DAC. For the net charge on the 
integrator capacitor to be zero, the DAC output must spend half 
its time at + I V and half its time at -I 
V. Assuming ideal com- 
ponents, the duty cycle of the comparator will be 50%. 


When a positive analog input is applied, the output of the I-bit 
DAC must spend a larger proportion of the time at + I V, so 
the duty cycle of the comparator increases. When a negative in- 
put voltage is applied, the duty cycle decreases. 


The AD7701 uses a second-order sigma delta modulator and a 
sophisticated digital filter that provides a rolling average of the 
sampled output. After power-up or if there is a step change in 
the input voltage, there is a settling time that must elapse before 
valid data is obtained. 


DIGITAL FILTERING 
The AD7701's digital filter behaves like a similar analog filter, 
with a few minor differences. 
. 


First, since digital filtering occurs after the A to D conversion 
process, it can remove noise injected during the conversion pro- 
cess. Analog filtering cannot do this. 


On the other hand, analog filtering can remove noise superim- 
posed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator and 
digital filter, even though the average value of the signal is 
within limits. To alleviate this problem, the AD7701 has over- 
range headroom built into the sigma delta modulator and digital 
filter which allows overrange excursions of 100m V. If noise sig- 
nals are larger than this, consideration should be given to analog 
input filtering, or to reducing the gain in the input channel so 
that a full-scale input (2.5 V) gives omy a half-scale input to the 
AD7701 (1.25 V). This will provide an overrange capability 
greater than 100% at the expense of reducing the dynamic range 
by I bit (50%). 


FILTER CHARACTERISTICS 
The cutoff frequency of the digital filter is fcLK/409600. At the 


Gaussian response that provides 55 dB of 60 Hz rejection for a 
10Hz cutoff frequency. If the clock frequency is halved to give 
a 5 Hz cutoff, 60 Hz rejection is better than 90 dB. A normal- 
ized s-domain pole-zero plot of the filter is shown in Figure II. 


The response of the filter is defined by: 


H(x)=[1 
+ 0.693x2 + 0.240x' + 0.0555x· + 0.00962x· 
+ 0.00133x10 + 0.OOOI54x12]-o.5 


x = fll, dB'l'dB 
= ICLK1N1409600, 
and1 is the frequency of interest. 
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Since the AD7701 contains this on-chip, low pass filtering, there 
is a settling time associated with step function inputs, and data 
will be invalid after a step change until the settling time has 
elapsed. The AD7701 is therefore unsuitable for high speed 
multiplexing, 
where channels are switched and converted se- 


quentially at high rates, as switching between channels can cause 
a step change in the input. Rather, it is intended for distributed 
converter systems using one ADC per channel. 


However, slow multiplexing of the AD7701 is possible, provided 
that the settling time is allowed to elapse before data for the new 
channel is accessed. 


The output settling of the AD7701 in response to a step input 
change is shown in Figure 12. The Gaussian response has fast 
settling with no overshoot, and the worst-case settling time to 
±0.0007% (±0.5 LSB) is 125 ms with a 4.096 MHz master 
clock frequency. 
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SYSTEM 
DESIGN 
CONSIDERATIONS 
The AD770 I operates differently from successive approximation 
ADCs or other integrating ADCs. Since it samples the signal 
continuously, 
like a tracking ADC, there is no need for a start 
convert command. The 16-bit output register is updated at a 
4 kHz rate, and the output can be read at any time, either syn- 
chronously or asynchronously. 


CLOCKING 
The AD7701 requires a master clock input, which may be an 
external TTUCMOS 
compatible clock signal applied to the 
CLKIN pin (CLKOUT 
not used). Alternatively, a crystal of the 
correct frequency can be connected berween CLKIN and CLK- 
OUT, when the clock circuit will function as a crystal-controlled 
oscillator. 


The input sampling frequency, output data rate, filter character- 
istics and calibration time are all directly related to the master 
clock frequency feLKIN by the ratios given in the specification 
table. Therefore, 
the first step in system design with the 
AD770 I is to select a master clock frequency suitable for the 
bandwidth and output data rate required by the application. 


ANALOG 
INPUT 
RANGES 
The AD7701 performs conversion relative to an externally sup- 
plied reference voltage, which allows easy interfacing to ratio- 
• 
metric systems. In addition, either unipolar or bipolar input 
voltage range may be selected using the BPIUP input. With 
BPIUP tied low, the input range is unipolar and the span is 0 to 
+ VREF' With BPIUP tied high, the input range is bipolar and 
the span is ± VREF' In the bipolar mode both positive and nega- 
tive full-scale are directly determined by VREF' This offers supe- 
rior tracking of positive and negative full scale and better mid- 
scale (bipolar zero) stability than bipolar schemes that simply 
scale and offset the input range. 


The digital output coding for the unipolar range is Unipolar Bi- 
nary; for the bipolar range it is Offset Binary. Bit weights for 
the unipolar and bipolar modes are shown in Table I. The input 
voltages and output codes for unipolar and bipolar ranges, using 
the recommended 
+ 2.5 V reference, are shown in Table II. 


Unipolar Mode 
Bipolar Mode 


jLV 
LSBs 
%FS 
ppm FS 
LSBs 
%FS 
ppm FS 


10 
0.26 
0.0004 
4 
0.13 
0.0002 
2 
19 
0.5 
0.0008 
8 
0.26 
0.0004 
4 
38 
1.00 
0.0015 
15 
0.5 
0.0008 
8 
76 
2.00 
0.0031 
31 
1.00 
0.0015 
15 
153 
4.00 
0.0061 
61 
2.00 
0.0031 
31 


Unipolar Mode 
Bipolar Mode 
Input Relative to 
Input in Volts 
Input Relative to 
Input in Volts 
Output Data 
FS and AGND 
FS andAGND 


+VREF -1.5 
LSB 
+2.499943 
+VREF -1.5 
LSB 
+2.499886 
1111 1111 1111 1111 
1111 1111 1111 1110 
+VREF -2.5 
LSB 
+2.499905 
+VREF -2.5 
LSB 
+2.499810 
1111 1111 1111 1101 
+VREF -3.5 
LSB 
+2.499867 
+VREF -3.5 
LSB 
+2.499733 
1111 1111 1111 1100 


+VREF/2 +0.5 LSB 
+ 1.250019 
AGND +0.5 LSB 
+0.000038 
1000 0000 0000 0001 
1000 0000 0000 0000 
+VREF/2 -0.5 
LSB 
+ 1.249981 
AGND -0.5 
LSB 
-0.000038 
0111 1111 1111 1111 
+ VRE~2 -1.5 
LSB 
+ 1.249943 
AGND -1.5 
LSB 
-0.000114 
0111 1111 1111 1110 


AGND +2.5 LSB 
+0.סס OO95 
-VREF +2.5 LSB 
-2.499810סס ooסס ooסס oo 0011 
0000סס ooסס oo 0010 
AGND + 1.5 LSB 
+0.סס OO57 
-VREF +1.5 LSB 
-2.499886סס ooסס ooסס oo 0001 
AGND +0.5 LSB 
+0.סס OO19 
-VREF +0.5 LSB 
-2.499962סס ooסס ooסס ooסס oo 


NOTES 
IVREF = +2.5 V 
2AGND 
= OV 
'Unipolar Mode, 1 LSB = 2.5 V/655536 = 0.סס OO38V 
'Bipolar Mode, 1 LSB = 5 V/65536 = 0.סס OO76V 
5Inpuis are voltages at code transitions. 


INPUT SIGNAL CONDITIONING 
Reference voltages from + 1 V to +3 V may be used with the 
AD7701, with little degradation in performance. 
Input ranges 
that cannot be accommodated by this range of reference voltages 
may be achieved by input signal conditioning. 
This may take 
the form of gain to accommodate a smaller signal range, or pas- 
sive attenuation 
to reduce a larger input voltage range. 


Source Resistance 
If passive attenuators are used in front of the AD7701, care 
must be taken to ensure that the source impedance is suffi- 
ciently low. The AD7701 has an analog input with over 1 GO 
de input resistance. In parallel with this there as a small dy- 
namic load which varies with the clock frequency (see Figure 
13). Each time the analog input is sampled, a 10 pF capacitor 
draws a charge packet of maximum 1 pC (10 pF x 100 mY) 


from the analog source with a frequency fCLKIN/256. For a 
4.096 MHz CLKIN, 
this yields an average current draw of 
16 nA. After each sample the AD7701 allows 62 clock periods 
for the input voltage to settle. The equation which defines set- 
tling time is: 


where: 


Vo 
VIN 
R 
C 


is the final settled value, 
is the value of the input signal, 
is the value of the input source resistance, 
is the 10 pF sample capacitor, 
is equal to 62/fcLK,N' 


From this, the following equation can be developed which gives 
the maximum allowable source resistance, RS(MAx),for an error 
ofVE: 


62 
Rs IMAXJ= 
------------ 
feLKIN· 
(10 pF) 
. In (100 mVIVEI 


Provided the source resistance is less than this value, the analog 
input will settle within the desired error band in the requisite 62 
clock periods. Insufficient settling leads to offset errors. These 
can be calibrated in system calibration schemes. 


If a limit of 10 •.•.V (0.25 LSB at 16 bits) is set for the maximum 
offset voltage, then the maximum allowable source resistance is 
160 kO from the above equation, assuming that there is no ex- 
ternal stray capacitance. 


An RC filter may be added in front of the AD770 I to reduce 
high frequency noise. With an external capacitor added from 
A1Nto AGND, the following equation will specify the maximum 
allowable source resistance: 


62 


RS.M,u, 
= 
[100 mV· 
GlNflGIN 
+ GEXTI] 


!eLKIN' 
(GIN + GExTI 
. In 
V 


E 


The practical limit to the maximum value of source resistance is 
thermal (Johnson) noise. A practical resistor may be modeled as 
an ideal (noiseless) resistor in series with a noise voltage source 
or in parallel with a noise current source. 


V. = Y4 kTRf 
Volls 


i. = Y4 kTf/R Amperes 


where: 
k 
is Boltzmann's constant (1.38 x 10-23 
J/K) 


and 
T is temperature 
in degrees Kelvin (OC+ 273). 


Active signal conditioning circuits such as op amps generally do 
not suffer from problems of high source impedance. Their open- 
loop output resistance is normally only tens of ohms and, in any 
case, most modern general purpose op amps have sufficiently 
fast closed-loop settling time for this not to be a problem. Offset 
voltage in op amps can be eliminated in a system calibration 
routine. With the wide dynamic range and small LSB size of the 
AD7701, noise can also be a problem, but the digital filter will 
reject most broadband noise above its cutoff frequency. How- 
ever, in certain applications there may be a need for analog in- 
put filtering. 


Antialias Considerations 
The digital filter of the AD7701 does not provide any rejection 
at integer multiples of the sampling frequency (nfcLKIN/256, 
where n = 1, 2, 3 ... 
) . 


With a 4.096 MHz master clock there are narrow (± 10 Hz) 
bands at 16 kHz, 32 kHz, 48 kHz, etc., where noise passes un- 
attenuated to the output. 


However, due to the AD7701's high oversampling ratio of 800 
(16 kHz to 20 Hz) these bands occupy only a small fraction of 
the spectrum, and most broadband noise is filtered. 


The reduction in broadband noise is given by: 


where: 


eIN and eOUT 
are rms noise terms referred to the input 
fe 
is the filter - 3 dB corner frequency 
(fcLKIN/409600) 


and 
fs 
is the sampling frequency (fcLKIN/256). 


Since the ratio of fs to fCLKINis fixed, the digital filter reduces 
broadband white noise by 96.5% independent 
of the master 
clock frequency. 


VOLTAGE 
REFERENCE 
CONNECTIONS 
The voltage applied to the VREF pin defines the analog input 
range. The specified reference voltage is 2.5 V, but the AD7701 
will operate with reference voltages from I V to 3 V with little 
degradation in performance. 


The reference input presents exactly the same dynamic load as 
the analog input, but in the case of the reference input, source 
resistance and long settling time introduce gain errors rather 
than offset errors. Fortunately, 
most precision references have 
sufficiently low output impedance and wide enough bandwidth 
to settle to lOlLV within 62 clock cycles. 


The digital filter of the AD770 I removes noise from the refer- 
ence input, just as it does with noise at the analog input, and 
the same limitations apply regarding lack of noise rejection at 
integer multiples of the sampling frequency. 
If reference noise is 
a problem, 
some voltage references offer noise reduction 
schemes using an external capacitor. Alternatively, 
a simple RC 
fJ.1termay be used, as shown in Figure 15. 


The same considerations 
apply to this filter as to a filter at the 
analog input. In this case: 


62 


fc 
I 
[ 
100 mV· GIN (GIN + GFI] 


eLKIN' 
n 
VFSE 
where: 


feLKIN 
is the master clock frequency 
and 


GROUNDING 
AND SUPPLY 
DECOUPLING 
AGND is the ground reference voltage for the AD7701, and is 
completely independent 
of DGND. 
Any noise riding on the 
AGND input with respect to the system analog ground will 
cause conversion errors. AGND should therefore be used as the 
system ground and also as the ground for the analog input and 
the reference voltage. 


The analog and digital power supplies to the AD770 I are inde- 
pendent and separately pinned out, to minimize coupling be- 
2 


tween analog and digital sections of the device. The digital filter 
will provide rejections of broadband 
noise on the power sup- 
plies, except at integer multiples of the sampling frequency. 
Therefore, 
the two analog supplies should be decoupled to 
AGND using 100 nF ceramic capacitors to provide power sup- 
ply noise rejections at these frequencies. 
The two digital sup- 
plies should similarly be decoupled to DGND. 


ACCURACY 
AND AUTOCALIBRATION 
Sigma delta ADCs, like VFCs and other integrating 
ADcs, 
do 
not contain any source of nonmonotonicity 
and inherently offer 
no-missing-codes performance. 
The AD7701 achieves excellent 
linearity (:!:O.OOO7%)by the use of high quality, on-chip silicon 
dioxide capacitors, which have a very low capacitance/voltage 
coefficient . 


The AD7701 offers two self-calibration modes using the on-chip 
calibration microcontroller 
and SRAM. Table III is a truth table 
for the calibration control inputs SCI and SC2. 


In the self·calibration mode, zero-scale is calibrated against the 
AGND pin and full scale is calibrated against the VREF pin, to 
remove internal errors. 


Note that in the bipolar mode the AD7701 calibrates positive 
full scale and midscale (bipolar zero). 


In the system-calibration 
mode, the AD7701 calibrates its zero 


and full scale to voltages present on the analog input pin in two 
sequential steps. This allows system offsets and/or gain errors to 
be nulled out. 


SYSTEM 
REFHI 


A'N 


A typical system calibration scheme is shown in Figure 16. In 
normal operation the analog signal is fed to the AD770 I via an 
analog multiplexer. 
When the system is to be calibrated, 
A1N is 


first switched to the system REF LO via the multiplexer 
and 
CAL is strobed high, with SCI and SC2 both high. AIN is then 
switched to the system REF HI and CAL is strobed, with SCI 
low and SC2 high. In this way. the effect of all error sources 


CAL 
SCl 
SC2 
CALTYPE 
ZERO REFERENCE 
FS REFERENCE 
SEQUENCE 
CALIBRATION 
TIME 
Ii 
0 
0 
Self-Cal 
AGND 
VREF 
One Step 
3,145,655 Clock Cycles 


...rL 
I 
I 
System Offset 
A1N 
- 
1st Step 
1,052,599 Clock Cycles 


...rL 
0 
I 
System Gain 
- 
A1N 
2nd Step 
1,068,813 Clock Cycles 
.n. 
I 
0 
System Offset 
A1N 
VREF 
One Step 
2,117,389 Clock Cycles 


NOTE 
DRDY remains high lhroughout lhe calibralion sequence. In lhe Self-Cal mode, DRDY falls once lhe AD7701 has settled to lhe analog input. In all other 
modes DRDY falls as the device begins 10 seule. 


between the multiplexer and the AD7701 is removed. Op amps 
and other signal conditioning circuits may be used in front of 
the AD770 I, without worrying about their absolute gain or off- 
set errors. Note that the absolute value of the reference supplied 
to the AD770 I is no longer important, 
provided it has adequate 
short-term stability between calibration cycles, as full scale is 
calibrated to the system reference. 


If system offset errors are important but system gain errors are 
not, then a one step system calibration may be performed with 
SCI high and SC2 low. In this case, offset is calibrated against 
A1N, which should be connected to system REF LO during 
calibration, but full scale is calibrated against the AD7701's 
VREF input. 


System calibration schemes will yield better accuracy than self- 
calibration, even if there are no system errors. Using self- 
calibration, errors arise due to the mismatch in source 
impedances between the references during calibration (AGND 
and VREF) and the analog input during normal operation. In 
system calibration, the source impedances inherently remain 
identical, such that the theoretical limit to system accuracy is 
calibration resolution. The practical limit is the noise floor of 
the AD7701. 


Note that in system calibration, "REF LO" does not necessarily 
mean the system ground or zero volts. The AD770 I can be cali- 
brated to measure between any two voltages that lie within its 
calibration range by deliberately making REF LO nonzero. For 
example, if REF LO is +0.5 V and REF HI is +2.5 V, the uni- 
polar span will be between these limits. 


CALmRATION 
RANGE 
When designing system calibration schemes, care must be taken 
to ensure that the worst-case system errors do not cause the 
overrange headroom of the AD7701 to be exceeded. Although 
the measurement 
error caused by offset and gain errors can be 
nulled out, the actual error voltages will still be present at the 
analog input and can cause overloading of the analog modulator 
or overflow of the digital mter. With a 2.5 V reference, the 
maximum input voltage is (+VREF 
+ 100 mY), and the mini- 


mum input voltage is (-VREF 
- 
100 mY). 


POWER UP AND CALIBRATION 
A calibration cycle must be carried out after power up to initial- 
ize the device to a consistent starting condition and correct cali- 
bration. The CAL pin must be held high for at least four clock 
cycles, after which calibration is initiated on the faIling edge of 
CAL and takes a maximum of 3,145,655 clock cycles (approxi- 
mately 768 ms , with a 4.096 MHz clock). See Table III. 


Figure 
17. Power-On 
Reset Circuit 


Figure 17 shows a simple RC circuit which will briefly pull the 
CAL input high as power applied. For this circuit to work the 
power supply must come up cleanly without oscillation, other- 
wise the internal circuits of the AD7701 may not all recognize 
the same reset transition. This can be overcome by using a 
Schmitt-trigger 
inverter between the RC combination and the 
CAL input to provide a clean transition. After power up, it is 
necessary to wait for the filter settling time (507,904 clock cy- 
cles) before accessing the output data. Thereafter data may be 
read at a 4 kHz rate. 


The type of calibration cycle initiated by CAL is determined 
by 


the SCI and SC2 inputs, in accordance with Table III. 


The power dissipation and temperature 
drift of the AD7701 are 
low and no warm-up time is required before the initial calibra- 
tion is performed. However, the system reference must have 
stabilized before calibration is initiated. 


POWER SUPPLY 
SEQUENCING 
The positive digital supply (DV 00) must never exceed the posi- 
tive analog supply (AVoo) by more than 0.3 V. Power supply 
sequencing is therefore important. 
If separate analog and digital 
supplies are used, care must be taken to ensure that the analog 
supply is powered up first. 


It is also important that power is applied to the AD770 I before 
signals at VREF' 
AIN or the logic input pins in order to avoid 
any possibility of latch-up. If separate supplies are used for the 
AD7701 and the system digital circuitry, then the AD770 I 
should be powered up first. 


A typical scheme for powering the AD7701 from a single set of 
±5 V rails is shown in the system connection diagram, Figure 7. 
In this circuit AV00 and DV 00 are brought along separate 
tracks from the same + 5 V supply. Thus, there is no possibility 
of the digital supply coming up before the analog supply. 


GROUNDING 
The AD7701 uses the analog ground connection, AGND, as the 
measurement 
reference node. It should be used as the reference 
node for both the analog input signal and the reference voltage 
at the VREF pin. 


The analog and digital power supplies to the AD7701 die are 
pinned out separately to minimize coupling between the analog 
and digital sections of the chip. All four supplies should be de- 
coupled separately to their respective grounds as shown in Fig- 
ure 7. The on-chip digital filtering of the AD7701 further 
enhances power supply rejection by attenuating noise injected 
into the conversion process. 


SINGLE 
SUPPLY 
OPERATION 
Figure 18 shows a circuit to power the AD770 I from a single 
+ 10 V supply, using an op amp to provide a half supply refer- 
ence point for AGND and DGND. 
As the digital I/O pins ar 
referenced to this point, level shifting is required for external 
digital communications. 
If galvanic isolation is required in the 
system, level shifting and isolation can both be provided by 
opto-isolators. 


SLEEP MODE 
The low power standby mode is initiated by taking the SLEEP 
input low, which shuts down all analog and digital circuits and 
reduces power consumption to 10 fLW. The calibration coeffi- 
cients are still retained in memory, but as the converter has 
been quiescent, it is necessary to wait for the filter settling time 
(507,904 cycles) before accessing the output data. 


BATTERY 
BACKUP OF CALIBRATION 
COEFFICIENTS 
The calibration data stored in the AD7701's static RAM is lost 
whenever power is removed. In certain applications it may be 
desirable to protect the contents of the calibration SRAM 
against intermittent 
power loss, for example when a mains pow- 
ered instrument 
is moved to a different location. 


• 


Figure 19 shows a simple battery backup circuit that maintains 
power to the SRAM during loss of the main +5 V supply. 
When power is lost, the SLEEP input goes low, reducing the 
power consumption to typically 10 fLW, and a battery takes over 
from the main power supply. Note that AVoo and DVoo 
must 
both remain powered to retain the calibration memory. 3.6 V 
lithium batteries are available which can provide 1750 mA-hours 
before they drop below the 2 V memory-retention 
threshold of 
the AD7701. This translates to a memory-retention 
period of 20 
years in the Sleep mode, allowing one time factory calibration Of 
a system. 


It should be noted that in this simple circuit, the supply voltage 
will fall below the battery voltage before it falls below the 
SLEEP pin threshold, and the battery will be supplying the full 
4 mA operating current of the AD7701 until the supply falls 
below the logic 0 voltage of the SLEEP pin. This can cause ex- 
cessive battery drain if power loss is frequent or the supply volt- 
age falls slowly, for example if there are large reservoir 
capacitors in the system. In this case, the backup circuit should 
be designed so that voltage on SLEEP falls to 0.8 V before the 
supply voltage falls below 3.6 V. 


DIGITAL 
INTERFACE 
The AD770 I's serial communications 
port allows easy interfac- 
ing to industry-standard 
microprocessors. 
Three different modes 
of operations are available, optimized for different types of 
interface. 


SYNCHRONOUS 
SELF-CLOCKING 
MODE (SSC) 
The SSC mode (MODE pin high) allows easy interfacing to 
serial-parallel conversion circuits in systems with parallel data 
communication. 
This mode allows interfacing to 74XX299 Uni- 
versal Shift registers without any additional decoding. The SSC 
mode can also be used with microprocessors such as the 68HC II 
and 68HC05, which allow an external device to clock their serial 
port. 


r-------1024CLKINCYCLES 
t;== 64 eLKIN 
CYCLES 
64 elKIN 
CYCLES 


ANALOG 
SETTLING 
DiGITAL 
COMPUTAnON 


Figure 20 shows the timing diagram for the SSC mode. Data is 
clocked out by an internally generated serial clock. The AD7701 
divides each sampling interval into sixteen distinct periods. 
Eight periods of 64 clock pulses are for analog settling and eight 
periods of 64 clock pulses are for digital computation. 
The sta- 
tus of CS is polled at the beginning of each digital computation 
period. If it is low at any of these times then SCLK will become 
active and the data word currently in the output register will be 
transmitted, 
MSB first. After the LSB has been transmitted 
DRDY goes high and SDATA goes three-state. 
If CS, having 
been brought low, is taken high again at any time during data 
transmission, 
SDATA and SCLK will go three-state after the 
current bit finishes. If CS is subsequently 
brought low, trans- 
mission will resume with the next bit during the subsequent 
dig- 
ital computation 
period. If transmission 
has not been initiated 
and completed by the time the next data word is available, 
DRDY will go high for four clock cycles then low again as the 
new word is loaded into the output register. 


A more detailed diagram of the data transmission 
in the SSC 
mode is shown in Figure 21. Data bits change on the falling 
edge of SCLK and are valid on the rising edge of SCLK. 


eLKIN 
(I) 1J\N.... 
l-72 CLKIN 
CYCLES 


DRDY(O) L.... 


SYNCHRONOUS 
EXTERNAL 
CLOCK 
MODE (SEC) 
The SEC mode (MODE pin grounded) 
is designed for direct 
interface to the synchronous 
serial ports of industry-standard 
microprocessors 
such as the COPS series, 68HCll 
and 68HC05. 
The SEC mode also allows customized interfaces, using I/O port 
pins, to microprocessors 
that do not have a direct fit with the 
AD7701's other modes. 


As shown in Figure 22, a falling edge on CS enables the serial 
data output with the MSB initially valid. Subsequent 
data bits 
change on the falling edge of an externally supplied SCLK. 
After the LSB has been transmitted, 
DRDY goes high and 
SDATA goes three-state. 
If CS is low and the AD7701 is still 
transmitting 
data when a new data word becomes available, the 
old data word continues to be transmitted 
and the new data is 


lost. 


If CS is taken high at any time during data transmission, 
SDATA will go three-state immediately. 
IfCS 
returns low, the 
AD7701 will continue transmission 
with the same data bit. If 
transmission has not been initiated and completed by the time 
the next data word becomes available, and if CS is high, DRDY 
will return high for four clock cycles, then fall as the new word 
is loaded into the output register . 
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ASYNCHRONOUS 
COMMUNICATIONS 
(AC) MODE 
The AC mode (MODE pin tied to -5 V) offers a UART- 
compatible interface which allows the AD770 I to transmit data 
asynchronously from remote locations. An external SCLK sets 
the baud rate and data is transmitted 
in two bytes in UART- 
compatible format. Using the AC mode, the AD7701 can be 
interfaced direct to microprocessors with UART interfaces, such 
as the 8051 and TMS70X2. 


Data transmission is initiated by CS going low. If CS is low on a 
falling edge of SCLK, the AD7701 begins transmitting 
an 8-bit 
data byte (DB8 - DB15) with one start bit and two stop bits, as 
in Figure 18. The SDATA output will then go three-state. The 
second byte is transmitted 
by bringing CS low again and DBO to 
DB7 are transmitted 
in the same format as the first byte. 


UART baud rates are typically low compared to the AD7701's 
4 kHz output update rate. If CS is low and data is still being 
transmitted 
when a new data word becomes available, the new 
data will be ignored. However, if CS has been taken high be- 
tween bytes, when a new data word becomes available, the 
AD7701 could update the output register before the second byte 
is transmitted. 
In this case, the UART would receive the first 
byte of the new word instead of the second byte of the old 
word. When using the AC mode, care must obviously be taken 
to ensure that this does not occur. 


DIGITAL NOISE AND OUTPUT 
LOADING 
As mentioned earlier, the AD7701 divides its internal timing 
into two distinct phases, analog sampling and settling and digital 
computation. 
In the SSC mode, data is transmitted 
only during 
the digital computation periods, to minimize the effects of digi- 
tal noise on analog performance. 
In the SEC and AC modes data 
transmission is externally controlled, so this automatic safeguard 
does not exist. 


Whatever mode of operation is used, resistive and capacitive 
loads on digital outputs should be minimized in order to reduce 
crosstalk between analog and digital portions of the circuit. For 
this reason connection to low-power CMOS logic such as one of 
the 4000 series or 74C families is recommended. 


It is especially important to minimize the load on SDATA in the 
AC mode, as transmission in this mode is inherently asynchro- 
nous. In the SEC mode the AD7701 should be synchronized to 
the digital system clock via CLKIN. 
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I 
FEATURES 
Monolithic 
20·Bit ADC 
0.0003% Linearity 
Error 
20-Bit No Missed Codes 
On-Chip Self-Calibration 
Circuitry 
Programmable 
Low-Pass Filter 
0.1 Hz to 10 Hz Corner Frequency 
o to +2.5 V or ±2.5 V Analog Input Range 
4 kSPS Output 
Data Rate 
Flexible Serial Interface 
Ultra low Power 


APPLICATIONS 
Industrial 
Process Control 
Weigh Scales 
Portable Instrumentation 
Remote Data Acquisition 


GENERAL 
DESCRIPTION 
The AD7703 is a 20-bit ADC which uses a sigma delta conver- 
sion technique. The analog input is continuously sampled by an 
analog modulator whose mean output duty cycle is proportional 
to the input signal. The modulator output is processed by an 
on-ehip digital fllter with a six-pole Gaussian response, which 
updates the output data register with 20-bit binary words at 
word rates up to 4 kHz. The sampling rate, fllter comer fre- 
quency and output word rate are set by a master clock input 
that may be supplied externally, or by an on-chip gate oscillator. 


The inherent linearity of the ADC is excellent, and endpoint 
accuracy is ensured by self·calibration of zero and full scale 
which may be initiated at any time. The self-calibration scheme 
can also be extended to null system offset and gain errors in the 
input channel. 


The output data is accessed through a serial port, which has two 
synchronous modes suitable for interfacing to shift registers or 
the serial ports of industry standard microcontrollers. 


CMOS construction ensures low power dissipation, and a power 
down mode reduces the idle power consumption to only 10 fJ.W. 


LC2MOS 
20-Bit AID Converter 


AD7703 
I 
• 


2 
1 


CLKOUT 
MODE 
Cs 


PRODUCT 
HIGHLIGHTS 
1. The AD7703 offers 20-bit resolution coupled with outstand- 
ing 0.0003% accuracy. 


2. No missing codes ensures true, usable, 20·bit dynamic range, 


removing the need for programmable gain and level-setting 
circuitty. 


3. The effects of temperature 
drift are eliminated by on·chip 
self-calibration, which removes zero and gain error. External 
circuits can also be included in the calibration loop to remove 
system offsets and gain errors. 


4. A flexible synchronization allows the AD7703 to interface 
directly to the serial ports of industry standard microcontrol- 
lers and DSP processors. 


5. Low operating power consumption and an ultralow power 


standby mode make the AD7703 ideal for loop powered reo 
mote sensing applications, or battety-powered 
portable 
instruments. 


AD7703-SPECIFICATIONS 


(TA = +25°C; 
AVDD = D.!DD = +5 
V; AVss = DVss = -5 
V; VREF = +2.5 
V; 


fCLJ(IM = 4.096 MHz; BPIUP = +5 
V; MODE = +5 
V; AIM Source Resistance = 
750 n1 with 1 nF to AGND at AIM unless otherwise stated.) 


Parameter 
NS VersioDs' 
B Version' 
eVersion' 
Units 
Test 
Conditions/Comments 


STATIC 
PERFORMANCE 
Resolution 
20 
20 
20 
Bits 


Integral 
Nonlinearity, 
Tmin to Tmu: 
±0.0015 
±0.OOO7 
±0.OOO3 
% FSR typ 


+25"<; 
±0.003 
±0.0015 
±0.OOO8 
% FSRow< 
Tmin to Tmu 
±0.003 
±0.0015 
±0.0012 
% FSRow< 


Differential 
Nonlinearity, 
T min to T max 
±O.S 
±0.5 
±O.S 
LSB typ 
Guaranteed 
No Missing Codes 


Positive 
Full-Scale Error 
±4 
±4 
±4 
LSB typ 


±16 
±16 
±16 
LSB OW< 
Full-Scale 
Drift' 
±19/±37 
±19 
±19 
LSB typ 


Unipolar 
Offset Error' 
±4 
±4 
±4 
LSB typ 


±16 
±16 
±16 
LSB OW< 
Unipolar 
Offset Drift' 
±26 
±26 
±26 
LSB typ 
Temp 
Range: 
0 to + 7O"C 


±67 
+48/-400 
±67 
±67 
LSB typ 
Specified Temp 
Range 


Bipolar Zero Error3 
±4 
±4 
±4 
LSB typ 


±16 
±16 
±16 
LSB max 
Bipolar Zero Drift' 
±13 
±13 
±13 
LSB typ 
Temp 
Range: 
0 to + 7O"C 


±34 
+241-200 
±34 
±34 
LSB typ 
Specified 
Temp 
Range 


Bipolar Negative 
Full-Scale 
Error' 
±8 
±8 
±8 
LSB typ 


±32 
±32 
±32 
LSB OW< 


Bipolar 
Negative 
Full-Scale 
Drift" 
±1O/±20 
±IO 
±1O 
LSB typ 


Noise (Referred 
to Output) 
1.6 
1.6 
1.6 
LSB rms typ 


DYNAMIC 
PERFORMANCE 
Sampling 
Frequency, 
fs 
fcLKIN/256 
fCLKIN1256 
fCLKIN/256 
Hz 
Output 
Update 
Rate, 
fOUT 
fcLKfN/1024 
fcLKtN/1024 
fcLKfN/1024 
Hz 
Filter Comer 
Frequency, 
L3 dB 
fcLI,n/4ll9,600 
fcLKtN/4ll9,600 
fcLKIN/409 ,600 
Hz 


Settling Time 
to ±0.OOO7% FS 
S079041fcLKIN 
S079041fcLKIN 
5079041fcLKIN 
see 
For Full-Scale 
Input 
Step 


SYSTEM 
CALIBRATION 
Positive 
Full-Scale 
Calibration 
Range 
VREF 
+ 0.1 
VREF 
+ 0.1 
VREF 
+ 0.1 
Vow< 
System Calibration 
Applies 
to 


Positive 
Full-Scale 
Overrange 
VREF 
+ 0.1 
VREF 
+ 0.1 
VREF 
+ 0.1 
Vow< 
Unipolar 
and Bipolar Ranges. 


Negative 
Full-Scale 
Overrange 
-(YREF 
+ 0.1) 
-(YREF 
+ 0.1) 
-(YREF 
- 
+ 0.1) 
Vow< 
After Calibration) 
if A1N>VREF) 


Maximum 
Offset Calibration 
Range5• 
6 
the Device Will Output 
All is. 


Unipolar 
Input 
Range 
-(YREF 
+ 0.1) 
-(YREF 
+ 0.1) 
-(YREF 
+ 0.1) 
Vow< 
If AtN<O (Unipolar) 
or -VREF 
Bipolar Input 
Range 
-0.4 
VREF 
to +0.4 VREF 
-0.4 
VREF 
to +0.4 
VREF 
-0.4 
VREF 
to +0.4 
VREF 
Vow< 
(Bipolar), 
the Device Will 
Input 
Span7 
0.8 VREF 
0.8 VREF 
0.8 VREF 
Vmin 
Output 
all Os 


2 VREF 
+ 0.2 
2 VREF + 0.2 
2 VREF + 0.2 
Vow< 


ANALOG 
INPUT 
Unipolar 
Input 
Range 
o to +2.5 
o to +2.5 
o to +2.5 
Volts 


Bipolar 
Input 
Range 
±2.5 
±2.5 
±2.5 
Volts 
Input 
Capacitance 
20 
20 
20 
pFtyp 
Input 
Bias Current! 
I 
I 
1 
nA typ 


LOGIC 
INPUTS 


All Inputs 
except CLKIN 


VINL) Input 
Low Voltage 
0.8 
0.8 
0.8 
Vow< 
V1NH) Input 
High Voltage 
2.0 
2.0 
2.0 
Vmin 


CLKIN 
V1NL, Input 
Low Voltage 
0.8 
0.8 
0.8 
Vmax 
VINH) Input 
High Voltage 
3.5 
3.5 
3.5 
Vmin 


IIN' Input 
Current 
10 
10 
10 
•.•.Amax 


LOGIC 
OUTPUTS 
VOL) Output 
Low Voltage 
0.4 
0.4 
0.4 
Vow< 
ISINK = 1.6 mA 


VOH) Output 
High Voltage 
DVoo-1 
DVDo-l 
DVoo-1 
V min 
ISOURCE = 100 vA 


Flooting 
State Leakage 
Current 
±IO 
±10 
±IO 
V-Aow< 


Floating 
State Output 
Capacitance 
9 
9 
9 
pF typ 


POWER 
REQUIREMENTS' 
Power 
Supply 
Voltages 
Analog Positive 
Supply 
(AVoo) 
4.5/5.5 
4.5/5.5 
4.5/5.5 
V minIV ow< 
For Specified 
Performance 
Digital Positive 
Supply 
(DVoo) 
4.5/AVoo 
4.5/AVoo 
4.5/AVoo 
V minIV ow< 
Analog Negative 
Supply (AV,,) 
-4.5/-5.5 
-4.5/-5.5 
-4.5/-5.5 
V minIV ow< 
Digital 
Negative 
Supply 
(DV,,) 
-4.5/-5.5 
-4.5/-5.5 
-4.5/-5.5 
V minIV ow< 
Calibration 
Memory 
Retention 
Power Supply 
Voltage 
2.0 
2.0 
2.0 
Vmin 


Parameter 
A/S Versions2 
B Version2 
C Versioo2 
Units 
Telt CooditionslCommeotl 


STATIC PERFORMANCE 


DC Power Supply CurrentsS 


AnalogPositive Supply (A1oo) 
3.2 
3.2 
3.2 
mAmax 
Typically2 mA 
Digital Positive Supply (DIDO) 
1.5 
1.5 
1.5 
mAmax 
Typically I mA 
AnalogNegative Supply (A1ss) 
3.2 
3.2 
3.2 
mAmax 
Typically2 mA 
Digital Negative Supply (Dlss) 
0.1 
0.1 
0.1 
mAmax 
Typically 0.03 mA 


Power Supply Rejection9 


Positive Supplies 
70 
70 
70 
dBtyp 
Negative Supplies 
75 
75 
75 
dBtyp 
Power Dissipation 
SLEEP = Logic 1, 
Normal Operation 
40 
40 
40 
mWmax 
Typically25 mW 
Standby Operation1O 
SLEEP = Logic 0 


A,B,C 
20 
20 
20 
IJoWmax 
Typically 10 IJoW 
S 
40 
40 
40 
IJoWmax 
• 


NOTES 
'The A'N pin presents a very high impedance dynamic load which varies with clock frequency. A ceramic 1 oF capacitor from the A(N to AGND is necessary. 
Source resistance should be 750 n or less. 
2Temperature Ranges arc as follows: A, B, C Versions: -40°C 
to +85OC; S Version: -55OC to + 125OC. 


3Applies after calibration at the temperature of interest. Full-Scale Error applies for both unipolar and bipolar input ranges. 
-7otal drift over the specified temperature range after calibration at power-up at + 25OC.This is guaranteed by design and/or characterization. Recalibration at 
any temperature will remove these errors. 
SIn unipolar mode the offset can have a negative value (- VREF) such that the unipolar mode can mimic bipolar mode operation. 
6The specifications for input overrange and for input span apply additional constraints on the offset calibration range. 
7For unipolar mode, input span is the difference between full scale and zero scale. For bipolar mode, input span is the difference between positive and negative 
full-scale points. When using less than the maximum input span, the span range may be placed anywhere within the range of ±(V REF + 0.1). 
'All digital outputs unloaded. All digital inputs at 5 V CMOS levels. 
'Applies in 0.1 Hz to 10 Hz bandwidth. PSRR at 60 Hz will exceed 120 dB due to the digital filter. 
'OCLKIN is Slopped. All digital inputs are grounded. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM 
RATINGS· 


(T A = + 25°C unless otherwise noted) 
DVoo to AGND 
-0.3 
V to +6 V 
DVoo to AVoo 
-0.3 
V to +0.3 V 
DVss to AGND 
. . . . . . 
. . . . . . . . .. 
+0.3 V to -6 V 
AVoo to AGND 
-0.3 
V to +6 V 
AVss to AGND 
+0.3 V to -6 V 
AGND to DGND 
-0.3 
V to +0.3 V 
Digital Input Voltage to DGND 
-0.3 
V to DVoo 
+ 0.3 V 
Analog Input Voltage to AGND 


................... 
AVss - 0.3 V to AVoo 
+ 0.3 V 
Input Current to any Pin Except Suppliesl 
••.•.... 
± 10 mA 
Operating Temperature 
Range 
Industrial (A, B, C Versions) 
-40°C to +85°C 
Extended (S Version) 
-55°C to + 125°C 
Storage Temperarure 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 10 secs) 
+ 300°C 
Power Dissipation (DIP Package) to +75°C 
450 mW 
Derates above +75°C by 
10 mWrC 
Power Dissipation (SOIC Package) to +75°C 
250 mW 
Derates above +75°C by 
15 mWrC 


·Stresses 
above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
ITransient currents of up to 100 mA will not cause SCR latch-up. 


Temperature 
Linearity 
Error 
Package 
Model 
Range 
(%FSR) 
Option' 
AD7703AN 
-40°C to +85°C 
0.003 
N-20 
AD7703BN 
-40°C to +85°C 
0.0015 
N-20 
AD7703CN 
-40°C to +85°C 
0.0012 
N-20 
AD7703AR 
-40°C to +85°C 
0.003 
R-20 
AD7703BR 
-40°C to +85°C 
0.0015 
R-20 
AD7703CR 
-40°C to + 85°C 
0.0012 
R-20 
AD7703AQ 
-40°C to + 85°C 
0.003 
Q-20 
AD7703BQ 
-40°C to + 85°C 
0.0015 
Q-20 
AD7703CQ 
-40°C to +85°C 
0.0012 
Q-20 
AD7703SQ2 
- 55°C to + 125°C 
0.003 
Q-20 


NOTES 
'N = Plastic DIP; R = SOIC; Q = Cerdip. For outline information see 
Package Information section. 
'Available to /883B processing only. Contact local sales office for military 
data sheet. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


AD7703 


TIMING CHARACTERISTICS1, 
2 (AVoo = DVoo = +5 
V ± 10%; AVss = DVss = -5 
V ± 10%; AGND = DGND = 0 V; fClKIN 
= 4.096 
MHz; Input 
Levels: Logic 0 = 0 V, Logic 
1 = DVoo; unless 
otherwise 
stated.) 


Limit at T min' T mall: 
Limit at T min' T max 


Parameter 
(A, B, C Versions) 
(S Version) 
Units 
Conditions/Comments 


fCLKIN 
3, • 
40 
40 
kHz min 
Master Clock Frequency: Internal Gate Oscillator 
5 
5 
MHz max 
Typically 4096 kHz 
40 
40 
kHz min 
Master Clock Frequency: Externally Supplied 
5 
5 
MHzmax 
t,S 
50 
50 
ns max 
Digital Output Rise Time. Typically 20 ns 


tl 
50 
50 
ns max 
Digital Output Fall Time. Typically 20 ns 


t1 
0 
0 
ns min 
SCI, SC2 to CAL High Setup Time 
t2 
50 
50 
ns min 
SCl, SC2 Hold Time After CAL Goes High 


t • 
1000 
1000 
nsmin 
SLEEP High to CLKIN 
High Setup Time 
3 
SSCMODE 
t/ 
3/fcLKIN 
3/fcLKIN 
ns min 
Data Access Time (CS Low to Data Valid) 


ts 
100 
100 
ns max 
SCLK Falling Edge to Data Valid Delay (25 ns typ) 


t. 
250 
250 
ns min 
MSB Data Setup Time. Typically 380 ns 
t] 
300 
300 
ns max 
SCLK High Pulse Width. Typically 240 ns 
t. 
790 
790 
ns max 
SCLK Low Pulse Width. Typically 730 ns 
to 
IIfCLKIN+ 200 
IIfCLKIN+ 200 
ns max 
SCLK Rising Edge to Hi-Z Delay (lIfCLKIN + 100 ns typ) 


tlO .,0 
4/fcLKIN + 200 
4/fcLKIN + 200 
ns max 
CS High to Hi-Z Delay 


SECMODE 


fSCLK 
5 
5 
MHzmax 
Serial Clock Input Frequency 


tll 
50 
50 
fiS min 
SCLK High Pulse Width 
t12 
180 
180 
ns min 
SCLK Low Pulse Width 


t" 


7. 10 
160 
160 
ns max 
Data Access Time (CS Low to Data Valid). Typically 80 ns 


t1• II 
ISO 
ISO 
ns Jnin 
SCLK Falling Edge to Data Valid Delay. Typically 75 ns 
t15• 
250 
250 
ns lnin 
CS High to Hi-Z Delay 


t1• • 
200 
200 
ns min 
SCLK Falling Edge to Hi-Z Delay. Typically 100 ns 


NOTES 
'Sample teSled at +2S·C to ensure compliance. All input signals are specified with If = If = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figures 1 to 6. 
'CLKIN 
duty cycle range is 20% to 80%. CLKIN muSl be supplied whenever the AD7703 is not in SLEEP mode. If no clock is present in this case, the de- 


vice can draw higher current than specified and possibly become uncalibrated. 
'7he 
AD7703 
is production tested with feLKIN 
at 4.096 MHz. It is guaranteed by characterization to operate at 200 kHz. 
5Specified using 10% and 90% points on waveform of interest. 


610 order to synchronize several AD7703s together using the SLEEP pin, this specification must be met. 


7t.•and t13 are measured with the load circuit of Figure I and defined as the time required for an output to cross 0.8 V or 2.4 V. 


8~, 
tlO, t15 and tl6 are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured 


number is then extrapolated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the Timing Char- 
acteristics is the true bus relinquish time of the part and as such is independent of external bus loading capacitances. 
9If ~ 
is returned high before all 20 bits are o~ut, 
the SDATA and SCLK outputs will complete the current data bit and then go to high impedance. 
IOIfCS is activated asynchronously to DRDY, CS will not be recognized if it occurs when DRDY is high for four clock cycles. The propagation delay time may 


be as great as 4 eLKIN 
cycles plus 160 ns. To guarantee proper clocking of SDATA when using asynchronous CS, The SCLK input should not be taken 
high sooner than 4 CLKIN cycles plus 160 ns after CS goes low. 


"SDATA is clocked out on the fal1ing edge of the SCLK input. 
i 
--,--t-,--: t2 
, 
I~ 
•• ~ 
.xSC1,SC2V~ 


CLKIN(1)~ 
-J 
t3 
-------~~------ 
SLEEP(1) 
- 


Figure 1. Load Circuit for Access Time and Bus Relinquish 
Time 


CS~11..-J 10~ 


SDATA(O) 
DATA 
I 
HI-Z 
VALID 


DRDY 
..••.•'-----------'H------ 


CS 


TERMINOLOGY 
LINEARITY ERROR 
This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The end- 
points of the transfer function are zero-scale (not to be confused 
with bipolar zero), a point 0.5 LSB below the first code transi- 
tion (000 ... 
000 to 000 ... 
001) and full scale, a point 1.5 
LSBabovethelastcodetransition(ll1 
... 
110 to 111 ... 
111). 


The error is expressed as a percentage of full scale. 


DIFFERENTIAL 
LINEARITY ERROR 
This is the difference between any code's actual width and the 
ideal (I LSB) width. Differential linearity error is expressed in 
LSBs. A differential linearity specification of ± 1 LSB or less 
guarantees monotonicity. 


POSITIVE FULL-SCALE 
ERROR 
Positive full-scale error is the deviation of the last code transi- 
tion (Ill 
... 
110 to III 
... 
III) from the ideal (VREF 
- 
3/2 LSBs). It applies to both positive and negative analog input 
ranges. 


UNIPOLAR OFFSET ERROR 
Unipolar offset error is the deviation of the first code transition 
from the ideal (AGND + 0.5 LSB) when operating in the uni- 
polar mode. 


BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (0111 . . . III to 
1000 ... 
000) from the ideal (AGND - 0.5 LSB) when operat- 
ing in the bipolar mode. 


BIPOLAR NEGATIVE FULL-SCALE 
ERROR 
This is the deviation of the first code transition from the ideal 
(-VREF 
+ 0.5 LSB), when operating in the bipolar mode. 


CS -J'15~ 


SDATA(O) 
DATA 
I 
HI-Z 
VALID 
• 


POSITIVE FULL-SCALE 
OVERRANGE 
Positive full-scale overrange is the amount of overhead available 
to handle input voltages greater than +VREF (for example, noise 
peaks or excess voltages due to system gain errors in system cali- 
bration routines) without introducing 
errors due to overloading 


the analog modulator or overflowing the digital filter. 


NEGATIVE FULL-SCALE 
OVERRANGE 
This is the amount of overhead available to handle voltages be- 
low - VREF without overloading the analog modulator or over- 
flowing the digital filter. Note that the analog input will accept 
negative voltage peaks even in the unipolar mode. 


OFFSET CALIBRATION RANGE 
In the system calibration modes (SC2 Low) the AD7703 cali- 
brates its offset with respect to the AIN pin. The offset calibra- 
tion range specification defmes the range of voltages that the 
AD770 I can accept and still calibrate offset accurately. 


FULL-SCALE 
CALIBRATION RANGE 
This is the range of voltages that the AD7703 can accept in the 
system calibration mode and still calibrate full scale correctly. 


INPUT SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD7703's analog input define the analog input range. 
The input span specification defines the minimum and maxi- 
mum input voltages from zero to full scale that the AD7703 can 
accept and still calibrate gain accurately. 


2 
CLKOUT 


3 
CLKIN 


4,17 
SCI, SC2 


5 
DGND 


6 
DVss 


7 
AVss 


8 
AGND 


9 
AIN 


10 
VREF 


11 
SLEEP 


12 
BP/uP 


13 
CAL 


14 
AVoo 


IS 
DVoo 


16 
CS 


18 
DRDY 


UNIPOLAR 
MODE 
BIPOLAR MODE 
•.•. 
V 
LSBs 
%FS 
ppm FS 
LSBs 
%FS 
ppm FS 


0.596 
0.25 
0.0000238 
0.24 
0.13 
0.0000119 
0.12 
1.192 
0.5 
0.0000477 
0.48 
0.26 
0.0000238 
0.24 
2.384 
1.00 
0.0000954 
0.95 
0.5 
0.0000477 
0.48 
4.768 
2.00 
0.0001907 
1.91 
1.00 
0.סס OO954 
0.95 
9.537 
4.00 
0.0003814 
3.81 
2.00 
0.0001907 
1.91 


Pin 
Mnemonic 
Description 


MODE 
Selects the Serial Interface Mode. If MODE is tied to DGND, 
the Synchronous External Clocking (SEC) 


mode is selected. SCLK is configured as an input, and the output appears without formatting, 
the MSB 
coming first. If MODE is tied to +5 V, the AD7703 operates in the Synchronous Self-Clocking (SSC) mode. 
SCLK is configured as an output, with a clock frequency of fCLKIN/4 
and 25% duty cycle. 


Clock Output to generate an Internal Master Clock by connecting a crystal between CLKOUT 
and CLKIN. 
If 
an external clock is used, CLKOUT 
is left open circuit. 


Clock Input for External Clock. 


System Calibration Pins. The state of these pins, when CAL is taken high, determines the type of calibration 
performed. 


Digital Ground. Ground reference for all digital signals. 


Digital Negative Supply, -5 V nominal. 


Analog Negative Supply, -5 V nominal. 


Analog Ground. Ground reference for all analog signals. 


Analog Input. 


Voltage Reference Input, 
+2.5 V nominal. This determines the value of positive full scale in the unipolar 
mode and of both positive and negative full-scale in the Bipolar Mode. 


Sleep mode pin. When this pin is taken Low, the AD7703 goes into a low-power mode with typically 10 Il-W 
power consumption. 


Bipolar/Unipolar 
mode pin. When this pin is low the AD7703 is configured for a unipolar input range of 
AGND to VREF. 
When Pin 12 is High, the AD7703 is configured for a bipolar input range, ±VREF• 


Calibration mode pin. When CAL is taken High for more than 4 master clock cycles, the AD7703 is reset and 
performs a calibration cycle when CAL is brought Low again. The CAL pin can also be used as a strobe to 
synchronize the operation of several AD7703s. 


Analog Positive Supply, +5 V nominal. 


Digital Positive Supply, +5 V nominal. 


Chip Select Input. When CS is brought low, the AD7703 will begin to transmit serial data in a format 
determined by the state of the MODE pin. 


Data Ready Output. 
DRDY is low when valid data is available in the output register. It goes High after 
transmission of a word is completed. It also goes High for four clock cycles when a new data word is being 
loaded into the output register, to indicate that valid data is not available, irrespective of whether data 
transmission is complete or not. 


Serial Clock Input/Output. 
The SCLK pin in configured as an input or output, dependent on the type of 
serial data transmission that has been selected by the MODE pin. When configured as an output in the 
Synchronous Self-Clocking mode, it has a frequency of fCLKIN/4 
and a duty cycle of 25%. 


Serial Data Output. 
The AD7703's output data is available at this pin as a 20-bit serial word. 


MODE 
1 


CLKOUT 
2 


CLKIN 


SC1 


DGND 
AD7703 
TOP VIEW 
(Nollo 
Scale) 
DVOO 


AVoo 


CAL 


BP/UP 
" 
SLEEP 


GENERAL 
DESCRIPTION 
The AD7703 is a 20-bit AID converter with on-chip digital fil- 
tering, intended for the measurement of wide dynamic range, 
low frequency signals such as those representing chemical, phys- 
ical or biological processes. It contains a charge-balancing (sigma 
delta) ADC, calibration microcontroller with on-chip static 
RAM, a clock oscillator and a serial communications port. 


The analog input signal to the AD7703 is continuously sampled 
at a rate determined by the frequency of the master clock, 
CLKIN. 
A charge-balancing AID converter (sigma delta modu- 
lator) converts the sampled signal into a digital pulse train 
whose duty cycle contains the digital information. A six-pole 
Gaussian digital low pass filter processes the output of the 
sigma-delta modulator and updates the 20-bit output register at 
a 4 kHz rate. The output data can be read from the serial port 
randomly or periodically at any rate up to 4 kHz. 


+sv 
ANALOG 
SUPPLY 


10~F ~ + 
AVOO 
DVoo 
SLEEP 


VREF 
MODE 
2.5V 
DRDY 
AD7703 
Cs 


BP/UP 
SCLK 
SDATA 
CAL 
CLKIN 
AIN 
CLKOUT 


AGND 
SCl 
SC2 
DGND 
AVss 
DVss 


CALIBRATE 


ANALOG 
INPUT 


The AD7703 can perform self-calibration using the on-chip cali- 
bration microcontroller 
and SRAM to store calibration parame- 
ters. A calibration cycle may be initiated at any time using the 
CAL control input. 


Other system components may also be included in the calibra- 
tion loop to remove offset and gain errors in the input channel. 


For battery operation, the AD7703 also offers a standby mode 
that reduces idle power consumption to typically 10 IJ.W. 


THEORY 
OF OPERATION 
The general block diagram of a sigma-delta ADC is shown in 
Figure 8. It contains the following elements: 


I. A sample-hold amplifier 


2. A differential amplifier or subtractor 


3. An analog low pass filter 


4. A I-bit AID converter (comparator) 


5. A l-bit DAC 


6. A digital low pass filter 


Figure 8. General Sigma Delta ADC 


In operation, the sampled analog signal is fed to the subtractor, 
• 
along with the output of the I-bit DAC. The filtered difference 
signal is fed to the comparator, 
whose output samples the differ- 
ence signal at a frequency many times that of the analog signal 
frequency (oversampling). 


Oversampling is fundamental to the operation of sigma-delta 
ADCs. Using the quantization noise formula for an ADC: 


SNR 
= (6.02 x number 
of bilS + 1.76) dB, 


a I-bit ADC or comparator yields an SNR of 7.78 dB. 


The AD7703 samples the input signal at 16 kHz, which spreads 
the quantization noise from 0 to 8 kHz. Since the specified ana- 
log input bandwidth of the AD7701 is only 0 to 10 Hz, the 
noise energy in this bandwidth would be only 1/800 of the total 
quantization noise, assuming that the noise energy was spread 
evenly throughout 
the spectrum. It is reduced still further by 
analog filtering in the modulator loop, which shapes the quanti- 
zation noise spectrum to move most of the noise energy to fre- 
quencies above 10 Hz. The SNR performance in the 0 to 10 Hz 
range is conditioned to the 20-bit level in this fashion. 


The output of the comparator provides the digital input for the 
I-bit DAC, so the system functions as a negative feedback loop 
which minimizes the difference signal. The digital data that rep- 
resents the analog input voltage is in the duty cycle of the pulse 
train appearing at the output of the comparator. 
It can be re- 
trieved as a parallel binary data word using a digital filter. 


Sigma delta ADCs are generally described by the order of the 
analog low pass filter. A simple example of a first order sigma 
delta ADC is shown in Figure 8. This contains only a first-order 
low pass filter or integrator. 


The AD7703 uses a second order sigma delta modulator and a 
digital filter that provides a rolling average of the sampled out- 
put. After power up or if there is a step change in the input 
voltage, there is a settling time before valid data is obtained. 


The AD7703's digital filter behaves like an analog filter, with a 
few minor differences. 


First, since digital filtering occurs after the A to D conversion 
process, it can remove noise injected during the conversion pro- 
cess. Analog filtering cannot do this. 


On the other hand, analog filtering can remove noise superim- 
posed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator and 
digital filter, even though the average value of the signal is 
within limits. To alleviate this problem, the AD7703 has over- 
range headroom built into the sigma-delta modulator and digital 
filter which allows overrange excursions of 100 mY. If noise sig- 
nals are larger than this, consideration should be given to analog 
input filtering, or to reducing the gain in the input channel so 
that a full-scale input (2.5 V) gives only a half-scale input to the 
AD7703 (1.25 V). This will provide an overrange capability 
greater than 100% at the expense of reducing the dynamic range 
by 1 bit (50%). 


FILTER 
CHARACTERISTICS 
The cutoff frequency of the digital filter is fcLK/4096oo. At the 
maximum clock frequency of 4.096 MHz, the cutoff frequency 
of the filter is 10 Hz and the data update rate is 4 kHz. 


Figure 9 shows the filter frequency response. This is a 6-pole 
Gaussian response that provides 55 dB of 60 Hz rejection for a 
10Hz cutoff frequency. If the clock frequency is halved to give 
a 5 Hz cutoff, 60 Hz rejection is better than 90 dB. 
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Since the AD7703 contains this low-pass filtering, there is a set- 
tling time associated with step function inputs, and data will be 
invalid after a step change until the settling time has elapsed. 
The AD7703 is, therefore, unsuitable for high speed multiplex- 
ing, where channels are switched and converted sequentially at 
high rates, as switching between channels can cause a step 
change in the input. However, slow multiplexing of the AD7703 
is possible, provided that the settling time is allowed to elapse 
before data for the new channel is accessed. 


The output settling of the AD7703 in response to a step input 
change is shown in Figure 10. The Gaussian response has fast 
settling with no overshoot, and the worst-case settling time to 
±0.OOO7%is 125 ms with a 4.096 MHz master clock frequency. 


USING 
THE AD7703 
SYSTEM 
DESIGN 
CONSIDERATIONS 
The AD7703 operates differently from successive approximation 
ADCs or integrating ADCs. Since it samples the signal continu- 
ously, like a tracking ADC, there is no need for a start convert 
command. The 20-bit output register is updated at a 4 kHz rate, 
and the output can be read at any time, either synchronously or 
asynchronously. 


CLOCKING 
The AD7703 requires a master clock input, which may be an 
external TTLICMOS 
compatible clock signal applied to the 
CLKIN 
pin (CLKOUT 
not used). Alternatively, a crystal of the 
correct frequency can be connected between CLKIN 
and 
CLKOUT, 
when the clock circuit will function as a crystal- 
controlled oscillator. 


Figure 11 shows a simple model of the on-chip gate oscillator 
and Table II gives some typical capacitor values to be used with 
various resonators. 


2 
I 
10pF 
gm=1500~MHO V 
C2' 
~ 


Cl' 


~ 


'5eeTablell 


Figure 11. On-Chip Gate Oscillator 


Resonators 
Cl 
C2 


Ceramic 
200 kHz 
330 pF 
470 pF 
455 kHz 
100 pF 
100 pF 
1.0 MHz 
50 pF 
50 pF 
2.0 MHz 
20 pF 
20 pF 


Crystals 
2.000 MHz 
30 pF 
30 pF 
3.579 MHz 
20 pF 
20 pF 
4.096 MHz 
None 
None 


The input sampling frequency, output data rate, filter character- 
istics and calibration time are all directly related to the master 
clock frequency feLKIN by the ratios given in the specification 
table under Dynamic Performance. 
Therefore, 
the first step in 
system design with the AD7703 is to select a master clock fre- 
quency suitable for the bandwidth and output data rate required 
by the application. 


ANALOG 
INPUT 
RANGES 
The AD7703 performs conversion relative to an externally sup- 
plied reference voltage, which allows easy interfacing to ratio- 
metric systems. In addition, either unipolar or bipolar input 
voltage ranges may be selected using the BPIUP input. With 
BPIUP tied low, the input range is unipolar and the span is 
(VREF - VAGND)'where VAGNDis the voltage at the device 
AGND pin. With BPIUP tied high, the input range is bipolar 
and the span is 2 VREF' In the bipolar mode both positive and 
negative full scale are directly determined by VREF' This offers 
superior tracking of positive and negative full scale and better 
midscale (bipolar zero) stability than bipolar schemes that sim- 
ply scale and offset the input range. 


The digital output coding for the unipolar range is unipolar bi- 
nary and for the bipolar range it is offset binary. Bit weights for 
the unipolar and bipolar modes are shown in Table 1. 
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ACCURACY 
Sigma delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity 
and inherently offer 
no missing codes performance. 


The AD7703 achieves excellent linearity by the use of high qual- 
ity, on-chip silicon dioxide capacitors, which have a very low 
capacitance/voltage coefficient. The device also achieves low in- 
put drift through the use of chopper-stabilized 
techniques in its 


input stage. To ensure excellent performance over time and tem- 
2 


perature, the AD7703 uses digital calibration techniques which 
minimize offset and gain error to typically :!:4 LSBs. 


AUTOCALIBRATION 
The AD7703 offers both self calibration and system calibration 
facilities. For calibration to occur, the on-chip microcontroller 
must record the modulator output for two different input condi- 
tions. These are the "zero scale" and "full scale" points. In uni- 
polar self-calibration mode, the zero scale point is VAGNDand 
the full-scale point is VREF' With these readings the microcon- 
troller can calculate the gain slope for the input to output trans- 
fer function of the converter. In unipolar mode the slope factor 
is determined by dividing the span between zero and full scale 
by 220• In bipolar mode it is determined by dividing the span by 
219 since the inputs applied represent only half the total codes. 
In both unipolar and bipolar modes the slope factor is saved and 
used to calculate the binary output code when an analog input is 
applied to the device. Table IV gives the output code size after 
calibration. 


System calibration allows the AD7703 to compensate for system 
gain and offset errors. A typical circuit where this might be used 
is shown in Figure 12. 


System calibration performs the same slope factor calculations as 
self calibration but uses voltage values presented by the system 
to the AIN pin for the zero and full-scale points. There are two 
system calibration modes. 


The first mode offers system level calibration for system offset 
and system gain. This is a two step operation. The zero scale 
point must be presented to the converter first. It must be ap- 
plied to the converter before the calibration step is initiated and 
remain stable until the step is complete. The DRDY output 
from the device will signal when the step is complete by going 
low. After the zero scale point is calibrated the full-scale point is 
applied and the second calibration step is initiated. Again the 
voltage must remain stable throughout 
the calibration step. 


SCLK 
SDATA 
CAL 
SC1 
AD7703 
SC2 


The two step calibration mode offers another feature. After the 
sequence has been completed, additional offset calibrations can 
be performed by themselves to adjust the zero reference point to 
a new system zero reference value. This second system calibra- 
tion mode uses an input voltage for the zero-scale calibration 
point but uses the VREFvalue for the full-scale point. 


Initiating Calibration 
Table III illustrates the calibration modes available in the 
AD7703. Not shown in the table is the function of the BPIUP 
pin which determines whether the converter has been calibrated 
to measure bipolar or unipolar signals. A calibration step is initi- 
ated by bringing the CAL pin high for at least 4 CLKIN 
cycles 


and then bringing it low again. The states of SCI and SC2 along 
with the BPIUP pin will determine the type of calibration to be 
performed. All three signals should be stable before the CAL 
pin is taken positive. The SCI and SC2 inputs are latched when 
CAL goes high. The BPIUP input is not latched and therefore 
must remain in a fixed state throughout 
the calibration and mea- 
surement cycles. Any time the state of the BPIUP is changed, a 
new calibration cycle must be performed to enable the AD7703 
to function properly in the new mode. 


When a calibration step is initiated, the DRDY signal will go 
high and remain high until the step is finished. Table III shows 
the number of clock cycles each calibration requires. Once a 
calibration step is initiated it must fmish before a new calibra- 
tion step can be executed. In the two step system calibration 
mode, the offset calibration step must be initiated before initiat- 
ing the gain calibration step. 


When self-calibration is completed DRDY falls and the output 
port is updated with a data word that represents the analog in- 
put signal. When a system calibration step is completed, DRDY 
will fall and the output port will be updated with the appropri- 
ate data value (all Osfor the zero scale point and all Is for the 
full-scale point). In the system calibration mode, the digital fil- 
ter must settle before the output code will represent the value of 
the analog input signal. Tables IV and V indicate the output 
code size and output coding of the AD7703 in its various 
modes. In these tables, SOFF is the measured system offset in 
volts and SGAINis the measured system gain at the full-scale 
point in volts. 


Span and Offset Limits 
Whenever a system calibration mode is used, there are limits on 
the amount of offset and span which can be accommodated. 
The 
range of input span in both the unipolar and bipolar modes has 
a minimum value of 0.8 VREF and a maximum value of 2 (VREF 
+ 0.1 V). 


The amount of offset which can be accommodated depends on 
whether the unipolar or bipolar mode is being used. In unipolar 
mode, the system calibration modes can handle a maximum off- 
set of 0.2 VREFand a minimum offset of - (VREF+ 0.1 V). 
Thus the AD7703 in the unipolar mode can be calibrated to 
mimic bipolar operation. 


CAL 
SCI 
SC2 
CALTYPE 
ZERO SCALE CAL 
FULL-SCALE 
CAL 
SEQUENCE 
CALIBRATION 
TIME 


0 
0 
Self-Cal 
VAGND 
VREF 
One Step 
3,145,655 Clock Cycles 
1 
1 
System Offset 
AIN 
- 
1st Step 
1,052,599 Clock Cycles 
0 
I 
System Gain 
- 
AIN 
2nd Step 
1,068,813 Clock Cycles 
1 
0 
System Offset 
A1N 
VREF 
One Step 
2,117,389 Clock Cycles 


NOTE 
DRDY remains high throughout lhe calibralion sequence. In lhe Self-Cal mode, DRDY falls once lhe AD7703 has settled to the analog input. In all other 
modes DRDY falls as the device begins to settle. 


1 LSB 


CALMODE 
ZERO SCALE 
GAIN FACTOR 
UNIPOLAR 
BIPOLAR 


Self-Cal 
VAGND 
VREF 


(VREF 
- 
VAGNDI 
2(VREF 
- 
VAGNDI 


1048576 
1048576 


System Cal 
SOFF 
SGAIN 


(SGAlN 
- 
SOFFI 
2(SGAIN 
- 
SOFFI 


1048576 
1048576 


INPUT VOLTAGE, UNIPOLAR MODE 
INPUT VOLTAGE, BIPOLAR MODE 


System Cal 
Self-Cal 
Output Codes 
Self-Cal 
System-Cal 


> (SGAIN- 1.5 LSB) 
> (VREF- 1.5 LSB) 
FFFFF 
> (VREF- 1.5 LSB) 
> (SGAIN- 1.5 LSB) 


FFFFF 
VREF- 1.5 LSB 
SGAIN- 1.5 LSB 
SGAIN- 1.5 LSB 
VREF- 1.5 LSB 
FFFFE 


80000 
VAGND- 0.5 LSB 
SOFF- 0.5 LSB 
(SGAIN- 
SOFF)/2 
- 0.5 LSB 
(VREF- VAGND)/2- 0.5 LSB 
7FFFF 


00001 
-VREF + 0.5 LSB 
-SGAIN+ 2 SOFF+ 0.5 LSB 
SOFf + 0.5 LSB 
VAGND+ 0.5 LSB 
00000 


«SOFF + 0.5 LSB) 
«VAGND+ 0.5 LSB) 
00000 
«-VREF 
+ 0.5 LSB) 
«-SGAIN +2 SOFF+ 0.5 LSB)• 


In the bipolar mode the system offset calibration range is re- 
stricted to ±0.4 VREF. It should be noted that the span restric- 
tions limit the amount of offset which can be calibrated. The 
span range of the converter in bipolar mode is equidistant 
around the voltage used for the zero scale point. When the zero- 
scale point is calibrated it must not cause either of the two end- 
points of the bipolar transfer function to exceed the positive or 
the negative input overrange points (+VREF + 0.1) V or 
-(VREF + 0.1) V. If the span range is set to a minimum 
(0.8 VREF) the offset voltage can move ±0.4 VREFwithout caus- 
ing the end points of the transfer function to exceed the over- 
range points. Alternatively, if the span range is set to 2 VREF' 
the input offset cannot move more than +0.1 Vor 
-0.1 
V be- 
fore an endpoint of the transfer function exceeds the input over- 
range limit. 


POWER UP AND CALIBRATION 
A calibration cycle must be carried out after power up to initial- 
ize the device to a consistent starting condition and correct cali- 
bration. The CAL pin must be held high for at least four clock 
cycles, after which calibration is initiated on the falling edge of 
CAL and takes a maximum of 3,145,655 clock cycles (approxi- 
mately 768 ms with a 4.096 MHz clock). See Table III. 


Figure 13 shows a simple RC circuit which will briefly pull the 
CAL input High as power is applied. For this circuit to work 
the power supply must come up cleanly without oscillation, 
otherwise the internal circuits of the AD7703 may not all recog- 
nize the same reset transition. This can be overcome by using a 
Schmitt-trigger 
inverter between the RC combination and the 
CAL input, to provide a single transition. 
After power up, it is 
necessary to wait for the filter settling time (507,904 clock cy- 
cles) before accessing the output data. Thereafter data may be 
read at a 4 kHz rate. 


The type of calibration cycle initiated by CAL is determined by 
the SCI and SC2 inputs, in accordance with Table III. 


Drift Considerations 
The AD7703 uses chopper stabilization techniques to minimize 
input offset drift. Charge injection in the analog switches and 
leakage currents at the sampling node are the primary sources of 
offset voltage drift in the converter. Figure 14 indicates the typi- 
cal offset due to temperature 
changes after calibration at 25°C. 


Drift is relatively flat up to 75°C. Above this temperature, 
leak- 


age current becomes the main source of offset drift. Since leak- 
age current doubles approximately every lOoC, the offset drifts 
accordingly. The value of the voltage on the sample capacitor is 
updated at a rate determined by the master clock, therefore the 
amount of offset drift which occurs will be proportional to the 
elapsed time between samples. Thus, to minimize offset drift at 
higher temperatures, 
higher CLKIN 
rates are recommended. 


Gain drift within the converter depends mainly upon the tem- 
perature tracking of the internal capacitors. It is not affected by 
leakage currents so that it is significantly less than offset drift. 
The typical gain drift of the AD7703 is less than 40 LSBs over 
the specified temperature 
range. 


Measurement errors due to offset drift or gain drift can be elimi- 
nated at any time by recalibrating the converter. Using the sys- 
tem calibration mode can also minimize offset and gain errors in 
the signal conditioning circuitry. Integral and differential linear- 
ity are not significantly affected by temperature 
changes. 
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Figure 
14. Typical 
Bipolar 
Offset 
vs. Temperature 
after 
Calibration 
at 25°C 


INPUT 
SIGNAL 
CONDITIONING 
Reference voltages from + I V to +3 V may be used with the 
AD7703, with little degradation in performance. 
Input ranges 


mat cannot be accommodated by this range of reference voltages 
may be achieved by input signal conditioning. 
This may take 
the form of gain to accommodate a smaller signal range, or pas- 
sive attenuation 
to reduce a larger input voltage range. 


Source Resistance 
If passive attenuatars 
are used in front of the AD7703, care 
must be taken to ensure that the source impedance is suffi- 
ciently low. The dc input resistance for me AD7703 is over 
I Go.. In parallel with mis there as a small dynamic load which 
varies with the clock frequency (see Figure 15). Each time the 


analog input is sampled, a 10 pF capacitor draws a charge 
packet of maximum I pC (10 pF x 100 mY) from the analog 
source with a frequency 
fCLKIN/256. 
For a 4.096 MHz CLKIN, 
this yields an average current draw of 16 nA. After each sample 
the AD7703 allows 62 clock periods for me input voltage to set- 
tle. The equation which defines settling time is: 


Vo = VlN[l 
- 
e-VRC] 


where Vo is the final settled value, VlN is the value of me input 
signal, R is the value of me input source resistance, C is me 
10 pF sample capacitor. The value of I is equal to 62/fcLKIN' 
The following equation can be developed which gives the maxi- 
mum allowable source resistance, RS(MAx),for an error of VE' 


62 


RSIMAXI 
= fCLKlN 
• (10 pF) 
• In 
(IOOmVIVEI 


Provided me source resistance is less man this value, me analog 
input will settle witl1in me desired error band in me requisite 62 
clock periods. Insufficient settling leads to offset errors. These 
can be calibrated in system calibration schemes. 


If a limit of 600 nV (0.25 LSB at 20 bits) is set for me maxi- 
mum offset voltage, men the maximum allowable source resis- 
tance is 125 ko. from the above equation, assuming that mere is 
no external stray capacitance. 


An RC filter may be added in front of me AD7703 to reduce 
high frequency noise. With an external capacitor added from 
AIN to AGND, the following equation will specify the maximum 
allowable source resistance: 


62 
RSlMAXl = ------------------- 


[ 


100 mV 
• 
GIN 
] 


(GIN + GexTI 


!eLKIN' 
(GIN + GEXTI - 1 n 
VE 


The practical limit to the maximum value of source resistance is 
thermal (Johnson) noise. A practical resistor may by modeled as 
an ideal (noiseless) resistor in series wim a noise voltage source 
or in parallel wim a noise current source. 


where k is Boltzmann's constant (1.38 
X 10-23 11K), and Tis 
temperature 
in degrees Kelvin caC + 273). 


Active signal conditioning circuits such as op amps generally do 
not suffer from problems of high source impedance. Their open- 
loop output resistance is normally only tens of ohms and, in any 
case, most modern general purpose op amps have sufficiently 
fast closed loop settling time for mis not to be a problem. Offset 
voltage in op amps can be eliminated in a system calibration 
routine. 


Antialias Considerations 
The digital filter of the AD7703 does not provide any rejection 
at integer multiples of the sampling frequency 
(nfcLKIN/256, 
where n = 1,2,3, 
.. 
). 


Wim a 4.096 MHz master clock there are narrow (:!: 10 Hz) 
bands at 16 kHz, 32 kHz, 48 kHz, etc., where noise passes un- 
attenuated to the output. 


However, due to the AD7703's high oversampling ratio of 800 
(16 kHz to 20 Hz) these bands occupy only a small fraction of 
the spectrum, and most broadband noise is filtered. 


where ein and e"", are rms noise terms referred to the input and 
Ie is the mter - 3 dB corner frequency (fCLKIN/40%00) and Is 
is the sampling frequency (fCLKIN/256). 


Since the ratio of fs to fCLKINis fixed, the digital mter reduces 
broadband white noise by 96.5% independent 
of the master 
clock frequency. 


VOLTAGE REFERENCE CONNECTIONS 
The voltage applied to the VREF pin defines the analog input 
range. The specified reference voltage is 2.5 V, but the AD7703 
will operate with reference voltages from I V to 3 V with little 
degradation in performance. 


The reference input presents exactly the same dynamic load as 
the analog input, but in the case of the reference input, source 
resistance and long settling time introduce gain errors rather 
than offset errors. Fortunately, 
most precision references have 
sufficiently low output impedance and wide enough bandwidth 
to settle to the required accuracy within 62 clock cycles. 


The digital filter of the AD7703 removes noise from the refer- 
ence input, just as it does with noise at the analog input, and 
the same limitations apply regarding lack of noise rejection at 
integer multiples of the sampling frequency. Note that the refer- 
ence should be chosen to minimize noise below 10 Hz. The 
AD7703 typically exhibits 1.6 LSB rms noise in its measure- 
ments. This specification assumes a clean reference. Many 
monolithic bandgap references are available which can supply 
the 2.5 V needed for the AD7703. However, some of these are 
not specified for noise especially in the 0.1 Hz to 10 Hz band- 
width. If the reference noise in this bandwidth is excessive, it 
can degrade the performance of the AD7703. Recommended 
references are the AD580 and the LTlOI9. 
Both of these 2.5 V 
references typically have less than 10 fl-V p-p noise in the 
0.1 Hz to 10 Hz band. 


POWER SUPPLIES AND GROUNDING 
AGND is the ground reference voltage for the AD7703, and is 
completely independent 
of DGND. 
Any noise riding on the 
AGND input with respect to the system analog ground will 
cause conversion errors. AGND should therefore be used as the 
system ground and also as the ground for the analog input and 
the reference voltage. 


The analog and digital power supplies to the AD7703 are inde- 
pendent and separately pinned out, to minimize coupling be- 
tween analog and digital sections of the device. The digital filter 
will provide rejection of broadband noise on the power supplies, 
except at integer multiples of the sampling frequency. There- 
fore, the two analog supplies should be individually decoupled 
to AGND using 100 nF ceramic capacitors to provide power 
supply noise rejection at these frequencies. The two digital sup- 
plies should similarly be decoupled to DGND. 


The positive digital supply (DVoo) must never exceed the posi- 
tive analog supply (AVoo) by more than 0.3 V. Power supply 
sequencing is therefore important. 
If separate analog and digital 
supplies are used, care must be taken to ensure that the analog 
supply is powered up first. 


It is also important that power is applied to the AD7703 before 
signals at VREF' AIN or the logic input pins in order to avoid 
any possibility of latch-up. If separate supplies are used for the 
AD7703 and the system digital circuitry, then the AD7703 
should be powered up first. 


A typical scheme for powering the AD7703 from a single set of 
±5 V rails is shown Figure 7. In this circuit AVoo and DVoo 
are brought along separate tracks from the same +5 V supply. 
Thus, there is no possibility of the digital supply coming up be- 
fore the analog supply. 
• 


SLEEP MODE 
The low power standby mode is initiated by taking the SLEEP 
input low, which shuts down all analog and digital circuits and 
reduces power consumption to 10 fl-W. When coming out of 
SLEEP mode it is sometimes possible (when using a crystal to 
generate eLKIN, 
for example) to lose the calibration coeffi- 
cients. Therefore, 
it is advisable as a safeguard to always do a 
calibration cycle after coming out of SLEEP mode. 


BATTERY BACKUP OF CALIBRATION COEFFICIENTS 
The calibration data stored in the AD7703's static RAM is lost 
whenever power is removed. In certain applications it may be 
desirable to protect the contents of the calibration SRAM 
against intermittent 
power loss, for example when a mains pow- 
ered instrument 
is moved to a different location. 


Figure 16 shows a simple battery backup circuit that maintains 
power to the SRAM during loss of the main +5 V supply. 
When power is lost, the SLEEP input goes low, reducing the 
power consumption to typically 10 fl-W, and a battery takes over 
from the main power supply. Note that AVoo and DVoo 
must 
both remain powered to retain the calibration memory. 3.6 V 
lithium batteries are available which can provide 1750 mA hours 
before they drop below the 2 V memory retention threshold of 
the AD7703. This translates to a memory-retention 
period of 20 
years in the Sleep mode, allowing one time factory calibration of 
a system. 


It should be noted that in this simple circuit, the supply voltage 
will fall below the battery voltage before it falls below the 
SLEEP pin threshold, and the battery will be supplying the full 
2 mA operating current of the AD7703 until the supply falls 
below the logic 0 voltage of the SLEEP pin. This can cause 
excessive battery drain if power loss is frequent or the supply 
voltage falls slowly, for example if there are large reservoir ca- 
pacitors in the system. In this case, the backup circuit should be 
designed so that voltage on SLEEP falls to 0.8 V before the sup- 
ply voltage falls below 3.6 V. 


DIGITAL 
INTERFACE 
The AD7703's serial communications port allows easy interfac- 
ing to industry standard microprocessors. 
Two different modes 
of operation are available, optimized for different types of 
interface. 


SYNCHRONOUS 
SELF-CLOCKING 
MODE (SSC) 
The SSC mode (MODE pin high) allows easy interfacing to 
serial-parallel conversion circuits in systems with parallel data 
communication. 
This mode allows interfacing to 74XX299 Uni- 
versal Shift registers without any additional decoding. The SSC 
mode can also be used with microprocessors such as the 68HC II 
and 68HCOS, which allow an external device to clock their serial 
port. 


64CLKIN 
CYCLES 


ANALOGTIME0 


/POLLED 


Figure 17 shows the timing diagram for the SSC mode. Data is 
clocked out by an internally generated serial clock. The AD7703 
divides each sampling interval into sixteen distinct periods. 
Eight periods of 64 clock pulses are for analog settling and eight 
periods of 64 clock pulses are for digital computation. 
The sta- 
tus of CS is polled at the beginning of each digital computation 
period. If it is low at any of these times then SCLK will become 
active and the data word currently in the output register will be 
transmitted, 
MSB fIrst. After the LSB has been transmitted 
DRDY will go high until the new data word becomes available. 
If CS, having been brought low, is taken high again at any time 
during data transmission, 
SDATA and SCLK will go three-state 
after the current bit fInishes. If CS is subsequently brought low, 
transmission will resume with the next bit during the subse- 
quent digital computation period. If transmission has not been 
initiated and completed by the time the next data word is avail- 
able, DRDY will go high for four clock cycles then low again as 
the new word is loaded into the output register. 


A more detailed diagram of the data transmission in the SSC 
mode is shown in Figure 18. Data bits change on the falling 
edge of SCLK and are valid on the rising edge of SCLK. 
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Figure 18. SSC Mode Showing 
Data Timing Relative to SCLK 


SYNCHRONOUS 
EXTERNAL 
CLOCK MODE (SEe) 
The SEC mode (MODE pin grounded) is designed for direct 
interface to the synchronous serial ports of industry standard 
microprocessors such as the 68HCll 
and 68HCOS. The SEC 
mode also allows customized interfaces, using I/O port pins, to 
microprocessors that do not have a direct fit with the AD7703's 
other mode. 


As shown in Figure 19, a falling edge on CS enables the serial 
data output with the MSB initially valid. Subsequent data bits 
change on the falling edge of an externally supplied SCLK. Af- 
ter the LSB has been transmitted, 
DRDY and SDATA go 
three-state. 
If CS is low and the AD7703 is still transmitting 
data when a new data word becomes available, the old data 
word continues to be transmitted 
and the new data is lost. 


If CS is taken high at any time during data transmission, 
SDATA will go three-state immediately. IfCS returns low, the 
AD7703 will continue transmission with the same data bit. If 
transmission has not been initiated and completed by the time 
the next data word becomes available, and if CS is high, DRDY 
will return high for four clock cycles, then fall as the new word 
is loaded into the output register. 


Dl(jITAL 
NUlSE AND UUTPUT 
LUADIN(j 
As mentioned earlier, the AD7703 divides its internal timing 
into two distinct phases, analog sampling and settling and digital 
computation. 
In the SSC mode, data is transmitted 
only during 
the digital computation periods, to minimize the effects of digi- 
tal noise on analog performance. 
In the SEC mode data trans- 
mission is externally controlled, so this automatic safeguard does 
not exist. To compensate, the AD7703 should be synchronized 
to the digital system clock via CLKIN when used in the SEC 
mode. 


Whatever mode of operation is used, resistive and capacitive 
loads on digital outputs should be minimized in order to reduce 
crosstalk between analog and digital portions of the circuit. For 
this reason connection to low-power CMOS logic such as one of 
the 4000 series or 74C families is recommended. • 
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FEATURES 
Charge Balancing ADC 
21 Bits No Missing Codes 
±0.0015% Nonlinearity 
Two-Channel 
Programmable 
Gain Front End 
Gains from 1 to 128 
Differential 
Inputs 
Low Pass Filter with 
Programmable 
Filter Cutoffs 
Ability 
to Read/Write 
Calibration 
Coefficients 
Bidirectional 
Microcontroller 
Serial Interface 
Internal/External 
Reference Option 
Single or Dual Supply Operation 
Low Power (25 mW typ) with 
Power Down Mode 
(50 fJ-Wtyp) 


APPLICATIONS 
Weigh Scales 
Thermocouples 
Process Control 
Smart Transmitters 
Chromatography 


GENERAL 
DESCRIPTION 
The AD7710 is a complete analog froil.t en<l,;forl0 
frequency 
measurement 
applications. The device accepts low level signal 
directly from a strain gage or transducer and outputs a serial \ 
digital word. It employs a sigma-delta conversion technique to 
realize up to 21 bits of no missing codes performance. 
The input 
signal is applied to a proprietary 
programmable 
gain front end 
based around an analog modulator. 
The modulator output is 
processed by an on-chip digital fIlter. The first notch of this dig- 
ital fIlter can be programmed 
via the on-chip control register 
allowing adjustment of the filter cutoff and settling time. 


The part features two differential analog inputs and a differen- 
tial reference input. Normally, one of the channels will be used 
as the main channel with the second channel used as an aUlill- 
iary input to periodically measure a second voltage. It can be 
operated from a single supply (by tying the Vss pin to AGND) 
provided that the input signals on the analog inputs are more 
positive than - 30 mV. By taking the Vss pin negative, the part 
can convert signals down to -VREF on its inputs. The AD7710 
thus performs all signal conditioning and conversion for a single 
or dual channel system. 


The AD7710 is ideal for use in smart, microcontroller 
based 
systems. Input channel selection, gain settings and signal polar- 
ity can be configured in software using the bidirectional serial 
port. The AD7710 contains self-calibration, system calibration 
and background calibration options and also allows the user to 
read and write the on-chip calibration registers. 


LC2MOS 
Signal Conditioning ADC 


AD7710* 
I 
• 


AIN1(+) 


AIN1(-) 


OS I:onstruction ensures low power dissipation and a soft- 
ware programmable 
power down mode reduces the standby 
power consumption to only 50 •.•.W typical. The part is available 
in a 24-pin, 0.3 inch wide, plastic and hermetic dual-in-line 
package (DIP) as well as a 24-lead small outline (SOIC) 
package. 


PRODUCT 
HIGHLIGHTS 
1. The programmable 
gain front end allows the AD7710 to ac- 
cept input signals directly from a strain gage or transducer, 
removing a considerable amount of signal conditioning. 


2. The AD7710 is ideal for microcontroller 
or DSP processor 
applications with an on-chip control register which allows 
control over filter cutoff, input gain, channel selection, signal 
polarity and calibration modes. 


3. The AD77lO allows the user to read and write the on-chip 
calibration registers. This means that the microcontroller 
has 
much greater control over the calibration procedure. 


4. No missing codes ensures true, usable, 2l-bit dynamic range 
coupled with excellent ±0.0015% accuracy. The effects of 
temperature 
drift are eliminated by on-chip self-calibration, 


which removes zero scale and full-scale errors. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


AD7710-SPECIFICATIONS 


STATIC 
PERFORMANCE 
No Missing Codes 
Output 
Noise 
Integral Nonlinearity 
Positive Full-Scale Error'- 
, 
Full-Scale Drift' 
Unipolar Offset Error' 
Unipolar Offset Drift' 
Bipolar Zero Error' 
Bipolar Zero Drift' 
Bipolar Negative Full-Scale Error' 
Bipolar Negative Full-Scale Drift' 


21 
See Tables I & II 
±0.0015 
See Note 4 
I 
See Note 4 
I 
See Note 4 
I 
±0.0015 
I 


ANALOG 
INPUTSffiEFERENCE 
INPUTS 
Common-Mode 
Rejection (CMR) 
100 
Common-Mode 
Voltage Range" 
Vss to AVoo 
50 Hz Rejection' 
100 
60 Hz Rejection' 
100 
DC Input 
Leakage Current' 
@ + 25"<: 
10 
TMlN to TMA){ 
I 
Sampling Capacitance' 
20 
Source Impedance 
10 


Analog Inputs 


Input Voltage Range' 


Input Sampling Rate, fs 


Reference Inputs 


REF IN(+) 
- REF IN (-) 
Voltage 
Input Sampling Rate, fs 


REFERENCE 
OUTPUT 
Output 
Voltage 
Initial Tolerance 
Drift 
Line Regulation 
(AV00) 


Load Regulation 
External Current 


VBlASINPUT 
Input Voltage Range 


LOGIC INPUTS 
Input Current 
All Inputs Except MCLK 
IN 


VlNL' Input 
Low Voltage 


VlNH, Input High Voltage 
MCLKIN 
Only 
VlNL>Input 
Low Voltage 


VlNH, Input High Voltage 


AVoo 
- 0.85 
X VREF 
Vss + 0.85 
X VREF 


(AVoo= +5 V to +10 V; OVoo= +5 V; REFOUT= REF IN(+); REF IN(-) = 
AGNO;MCLKIN = 10 MHz unless otherwise stated. All specifications TM1H to TMAX, 
unless otherwise noted.) 


Guaranteed 
by Design 
Depends on Filter Cutoffs and Selected Gain 
Filter Notches 
:s 60 Hz 
Excluding Reference 
Excluding Reference 


••vrc max 
% ofFSRmax 
••vrc max 
Excluding Reference; 
Typically 
±0.0004% 


Excluding Reference 


dB min 
V min to V max 
dB min 
dB min 
pAmax 
nAmax 
pFmax 
kOmax 


For Filter Notches of 10 Hz, 25 Hz, 50 Hz, ±0.02 
x fNOTCH 
For Filter Notches 
10 Hz, 30 Hz, 60 Hz, ±0.02 
x fNOTCH 


This information 
applies to a product 
under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 


Analog 
Devices assumes no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 


LOGIC OUTPUTS 
VOL' Output 
Low Voltage 
VOH' Output 
High Voltage 
Floating State Leakage Current 
Floating State Output 
Capacitance'o 


TRANSDUCER 
BURN-OUT 
Current 
Initial Tolerance 


Drift 


COMPENSATION 
CURRENT 
Output 
Current 
Initial Tolerance 


Drift 
Line Regu1ation (AV00) 
Load Regu1ation 


SYSTEM CALIBRATION 
Positive Full-Scale Calibration 
Limitll 


Negative Full·Scale Calibration 
Limit'l 
Offset Calibration 
Limit" 
Input Span" 


POWER 
REQUIREMENTS 
Power Supply Voltages 
AVoo 
- Vss Voltage 
DVoo 
Voltage 
Power Supply Currents 
AV00 Current 
DVoo 
Current 
Vss Current 
Power Supply Rejection" 
Positive Supply (AV00)14 
Negative Supply (Vss) 


Power Dissipation 
Normal Mode 
Normal Mode 
Standby (power-Down) 
Mode 


Vmax 
Vmin 
,.A max 
pF typ 


IS1NK = 1.6 mA 


ISOURCE= 100 ,.A 


100 
nA nom 
±10 
% typ 
100 
ppmrc 
typ 


20 
Il-Amax 
±4 
,.A max 
40 
ppml"C typ 
20 
nNVmax 
20 
nNVmax 
• 


(1.05 x VREF)/GAIN 
-(LOS 
x VREF)/GAIN 
-(LOS 
x VREF)/GAIN 
0.8 x VRE"IGAIN 
(2.1 x VREF)/GAIN 


GAIN Is ~ 
Selected PGA Gain (Between I and 128) 


G 
1 
Selected PGA Gain (Between I and 128) 
Selected PGA Gain (Between I and 128) 


e Selected PGA Gain (Between I and 128) 


IN Is the Selected PGA Gain (Between I and 128) 


AVoo = DVoo = +S V, Vss = 0 V; Typically 2S mW 
AVoo = DVoo = +S V, Vss = -S V; Typically 
30 mW 
AVoo = DVoo = +S V, Vss = OVor -S V; TypicallySOIl-W 


NOTES 
ITemperarure ranges are as follows: A Version, 
-4()OC 
to +85"<:; 
S Version 
-55OC 
to + 125<><:. 


2Applies after calibration at the temperanue 
of interest. 


3Positive full·scale error applies to both unipolar and bipolar input ranges. 
+rhese 
errors will be of the order of the output noise of the pan as shown in Table I. 


'Recalibration 
at any temperature 
or use of the background 
calibration mode will remove these drift errors. These numbers are guaranteed by design and/or 


characterization. 


6'J'bis common-mode 
voltage range is allowed provided that the absolute value of the input voltage does not exceed AVOD +30 mV and Vss -30 mY. 


7These numbers are guaranteed by design and/or characterization. 
'The analog inputs present a very high impedance 
dynamic load which varies with clock frequency 
and input sample rate. The maximum 
recommended 
source resistance 


is IOkn. 


OVREF = REF IN(+) - REF IN(-). 
IOSampie tested at + 250C to ensure compliance. 
11Mer 
calibration, 
if the analog input exceeds positive full scale, the convener 
will output all 15. If the analog input is less than negative full scale, then the device will out- 
put all Os. 


12These calibration and span limits apply provided the absolute voltage on the analog inputs does not exceed Voo 
or go more negative than Vss - 
30 mY. The offset cali- 
bration limit applies to both the unipolar zero point and the bipolar zero point. 
13Measw-ed at dc and applies in the selected passband. 
PSRR at 50 Hz will exceed 
120 dB with filter notches of 10 Hz, 25 Hz or 50 Hz. PSRR at 60 Hz will exceed 
120 dB 
with mter notches of 10 Hz, 30 Hz or 60 Hz. 
l+rhis number can be improved (to 95 dB typ) by deriving the VS1AS 
voltage (via Zener diode or reference) from the AVoo 
supply. 


Specifications 
subject to change without notice. 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 
Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(TA = +2S·C, unless otherwise nOled) 
AVoo to Vss 
-0.3 
V to +12 V 
AVoo to AGND 
-0.3 
V to +12 V 


AVoo to DGND 
-0.3 
V to +12 V 


DVoo 
to AGND 
-0.3 
V to +6 V 


DVoo 
to DGND 
..•.•.•.•••••...... 
-0.3 
V to +6 V 
Vss to AGND 
+0.3 V to -6 V 
Vss to DGND 
+0.3 V to -6 V 


AGND to DGND 
-0.3 
V to AVoo+0.3 
V 


Analog Input Voltage to AGND 
.. Vss-O.3 
V to AVoo+O.3 
V 


Reference Input Voltage to AGND 


...................... 
Vss-0.3VtoAVoo+0.3V 


REF OUT to AGND 
-0.3 
V to AVoo 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


Digital Input Voltage to DGND 
-0.3 
V to DVoo+O.3 
V 


Digital Output Voltage to DGND 
-0.3 
V to DVoo+0.3 
V 


Operating Temperature 
Range 
Commercial (A Version) 
-40°C to +85°C 


Extended (S Version) 
-55°C to + 125°C 


Storage Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 10 sees) 
+ 300°C 


Power Dissipation (Any Package) to +75°C 
450 mW 


Derates Above +75°C 
6 mWrC 


·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of the specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


TIMING CHARACTERISTICS1, 2 (DVoo= +5 V ± lD%;AVoo = +5-Vor 
+10V 
± 10% Vss= OVor -5 V ±10%;AGND = 
DGND= 0 V; feLJ( IN = 10MIIz; Input Logic 0 = 0 V, Logic 1 = DVoounless otherwise stated.) 


Limit at T MIN' T MAX 
Parameter 
(A, S Versions) 
- 
Conditions/Comments 


fCLKIN 
3, • 
400 
Master Clock Frequency: Internal Gate Oscillator 


12 
Typically 10 MHz. 10 MHz for Specified Performance 


400 
Master Clock Frequency: Externally Supplied 
10 
teLKIN LO 
0.2 X teLK IN 
ns min 
Master Clock Input Low Time 
0.8 x teLK IN 
ns max 
teLK INHI 
0.2 x teLK IN 
ns nun 
Master Clock Input High Time 
0.8 x teLK IN 
ns max 
t/ 
50 
ns max 
Digital Output Rise Time. Typically 20 ns 
tl 
50 
ns max 
Digital Output Fall Time. Typically 20 ns 
tl 
1000 
ns min 
SYNC Pulse Width 
Self-Clocking Mode 
t2 
4 x teLK IN 
ns min 
DRDY to RFS Setup Time. teLK IN = lIfCLK IN 


t3 
4 X teLK IN 
ns min 
DRDY to RFS Hold Time 
t. 
2 x teLK IN 
ns min 
AO to RFS Setup Time 
t, 
50 
ns min 
AOto RFS Hold Time 
t,; 
4 x teLK IN 
ns max 
RFS Low to SCLK Falling Edge 
t/ 
3 x tCLKIN 
ns max 
Data Access Time (RFS Low to Data Valid) 


ts" 
teLK IN/2 
ns min 
SCLK Falling Edge to Data Valid Delay 


teLK IN/2 + 20 
ns max 


t., 
teLK !N/2 
ns Dam 
SCLK High Pulse Width 
tto 
3 x teLK IN/2 
DSnom 
SCLK Low Pulse Width 
tll 
10 
DSmin 
RFSITFS 
to SCLK Falling Edge Hold Time 
teLK IN/2 
DSmax 
t12 
20 
DSmax 
RFSITFS 
to SCLK Delay 


tn 


7 
20 
ns max 
RFS to Data Valid Hold Time 
tl4 
2 x teLK IN 
ns min 
ADto TFS Setup Time 
tl, 
50 
DSmin 
ADto TFS Hold Time 
tlO 
4 x teLK IN 
DSmax 
TFS to SCLK Falling Edge Delay Time 
tl7 
4 x teLK IN 
DSmin 
TFS to SCLK Falling Edge Hold Time 
tlB 
20 
DSmin 
Data Valid to SCLK Setup Time 
t,• 
20 
DSmin 
Data Valid to SCLK Hold Time 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


Parameter 


External Clocking Mode 
fSCLK 
t20 
t21 
t22 
t23 


12/ 


t25• 


Limit at T M1N' T MAX 
(A, S Versions) 


fCLK INI5 
4 x 
teLK 
IN 
4 X teLK 
IN 
2 X teLK 
IN 
50 
3 X teLK 
IN 


teLK IN/2 


teLK IN/2 + 20 
2 X teLK 
IN 
2 X teLK 
IN 
10 
10 
20 
10 


teLKIN 
20 
2 X teLK 
IN 
50 
10 
20 
20 


MHzmax 
ns mio 
os mio 
os mio 
os mio 
os max 
os mio 
os max 
os mio 
os mio 
os max 
os mio 
os max 


Serial Clock Ioput Frequeocy 
DRDY to RFS Setup Time 
DRDY to RFS Hold Time 
AOto RFS Setup Time 
AO to RFS Hold Time 
Data Access Time (RFS Low to Data Valid) 
SCLK Falling Edge to Data Valid Delay • 
SCLK High Pulse Width 
SCLK Low Pulse Width 
SCLK Falling Edge to DRDY High 
DRDY to Data Valid Hold Time 


RFS tlYData Valid Hold Time 
o to TFS Setup Time 
AOto VS Hold Time 
SC 
Falling Edge to TFS Hold Time 
DatlI'Vaiid to SCLK Setup Time 
Data Valid to SCLK Hold Time 


NOTES 
'Sample tested at +2S·C to ensure com 
. 
ce. 
ns 
10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 


'See Figures 8 to II. 
'CLK IN duty cycle range is 20% to 80%. 
K IN must "" s~lie<L'Jhenever 
th 
AD7710 is 
Ot in STANDBY mode. If no clock is present in this case, the 
device can draw higher current than specified and possibly beCome uncalibrated. 
"The AD7710 is production tested with fcLK IN at 10 MHz. It is guaranteed b 
haractenzation to operate at 400 kHz. 


'Specified using 10% and 90% points on waveform of interest. 
"These numbers are measured with the load circuit of Figure I and defined 
me time required for the output to cross 0.8 V or 2.4 V. 


7These 
numbers 
are derived 
from the measured 
time 
taken by the data output 
to change 
0.5 V when 
loaded 
with the circuit 
of Figure 
1. The 
measured 
number 
is then extrapolated 
back to remove 
effects 
of charging 
or discharging 
the 1()() pF capacitor. 
This means 
that the times 
quoted 
in the timing 
characteristics 
are 
the true bus relinquish 
times 
of the part and as such are independent 
of external 
bus loading 
capacitances. 


Figure 1. Load Circuit for Access Time and Bus Relinquish 
Time 


PIN CONFIGURATION 


DIP and SOIC 


24 
DONO 


DVDO 


$DATA 


DRDY 
iiFS 


AD7710 
TOP VIEW 
(Not to Scole) 


REF IN(+) 


REF IN(-) 
Vso 


AVoo 
12 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise 
agreed to in writing. 


Pin 
Mnemonic 


1 
SCLK 


8 
AIN1(-) 


9 
AIN2(+) 


10 
AIN2(-) 


11 
Vss 


12 
AVDD 
13 
VB1 •••S 


Function 


Serial Clock. Logic Input/Output 
depending on the status of the MODE pin. When MODE is high, the 
device is in its self-clocking mode and the SCLK pin provides a serial clock output. This SCLK becomes 
active when RFS or TFS goes low and it goes high impedance when either RFS or TFS returns high or when 
the device has completed transmission of an output word. When MODE is low, the device is in its external 
clocking mode and the SCLK pin acts as an input. This input serial clock can be a continuous clock with all 
data transmitted 
in a continuous train of pulses. Alternatively, it can be a noncontinuous 
clock with the 
information being transmitted 
to the AD7710 in smaller batches of data. 
Master Clock signal for the device. This can be provided in the form of a crystal or external clock. A crystal 
can be tied across the MCLK IN and MCLK OUT pins. Alternatively, 
the MCLK IN pin can be driven with 
a CMOS compatible clock and MCLK OUT left unconnected. 
The clock input frequency is nominally 10 
MHz. 
When the master clock for the device is a crystal, the crystal is connected between MCLK IN and MCLK 
OUT. 
Address Input. With this input low, reading and writing to the device is to the control register. With this 
input high, access is to either the data register or the calibration registers 
Logic Input which allows for synchronization 
of the digital fIlte 
n 
Sing a number of AD7710s. It resets 
the nodes of the digital fIlter. 
Logic Input. When this pin is high, the device is iaits 
If 
pc 
its external clocking mode. 
Analog Input Channel 1. Positive inpu 
input is connected to an output cw.ren 
burnt out or gone open circui . 
ou 
Analog Input Channe 
e'v 
ml'llt of th 
Analog Input C 
2. P 
.ti e inp 


Analog Input Ch 
el 2. Neg 
. e'mp 
t 0 
progr 
Analog Negative Supply, 
to 
ed to A 
AINI or AIN2 should not go 
3 
mV ne 
rive 
Analog Positive Supply Voltage, + 5 V to + 1 
Input Bias Voltage. This input voltage should be set such that VB1•••S + 0.85 x VREF<AVDD and VBrAS - 
0.85 x VREF>Vss where VREFis REF IN( +)- 
REF IN( -). 
Ideally, this should be tied halfway between 
AVDD and Vss' Thus with AVDD=+5 
V and Vss=O V, it can be tied to REF OUT; with AVDD = +5 V 
and Vss = -s V, it can be tied to AGND while with AVDD = +10 V, it can be tied to +S Vor 
to REF 
OUT. 
Reference Input. The REF IN(-) 
can lie anywhere between AVDD and Vss provided REF IN(+) 
is greater 
than REF IN(-). 


Reference Input. The reference input is differential providing that REF IN( +) is greater than REF IN( -). 
REF IN(+) 
can lie anywhere between AVDD and Vss. 
Reference Output. 
The internal + 2.S V reference is provided at this pin. This is a single ended output which 
is referred to AGND. It is a buffered output which is capable of providing 1 mA to an external load. 
Compensation Current Output. 
A 20 ILAconstant current is provided at this pin. This current can be used in 
association with an external thermistor to provide cold junction compensation in thermocouple 
applications. 


This current can be turned on or off via the control register. 
Ground reference point for analog circuitry. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


Pin 
Mnemonic 


19 
TFS 


20 
RFS 


21 
DRDY 


22 
SDATA 


23 
DVDD 


24 
DGND 


Transmit Frame Synchronization. 
Active low logic input used to write serial data to the device with serial data 
expected after the falling edge of this pulse. In the self-clocking mode, the serial clock becomes active after 
TFS goes low. In the self-clocking mode, TFS must go low before the first bit of the data word is written to 
the part. 


Receive Frame Synchronization. 
Active low logic input used to access serial data from the device. In the 
self-clocking mode, the SCLK and SDATA lines both become active after RFS goes low. In the external 
clocking mode, the SDATA line becomes active after RFS goes low. 


Logic output. A falling edge indicates that a new output word is available for transmission. 
The DRDY pin 
will return high upon completion of transmission of a full output word. DRDY is also used to indicate when 
the AD7710 has completed its on-chip calibration sequence. 
Serial Data. Input 100tput with serial data being written to either the control register or the calibration 
registers and serial data being accessed from the control register, calibration registers or the data register. 
During a read operation, serial data becomes active after RFS goes low. During a write operation, valid serial 
data is expected on the rising edges of SCLK when TFS is low. 
Digital Supply Voltage, +5 V. DVDD should never exceed AV. 
y more than 0.3 V. If DVDD powers up 
before AVDD or if DV DD can exceed AVDD by more 
"'. 
V a ~y 
other time, a Schottky diode should 
be placed between the two pins. 


Ground reference point for digital circuitry. 
• 


~POSIT!YE 
'IS~LE 
OVERRANGE 
PositiyrF'ull.lscide 
Overrange is the amount of overhead avail- 


a le"tOJ 
:sn1Jinput voltages on AIN( +) input greater than 
) 
VREplGAIN (for example, noise peaks or excess volt- 
ges due to's stem gain errors in system calibration routines) 


ing errors due to overloading the analog modu- 
owing the digital mter. 
• 


TERMINOLOGY 
INTEGRAL 
NONLINEARITY 
This is the maximum deviation of any c 
passing through the endpoints of 
eg 


POSITIVE 
FULL-SCALE 
ERROR 
Positive Full-Scale Error is the deviation of the last code transi- 
tion (Ill 
... 
110 to III 
... 
Ill) 
from the ideal AIN( +) volt- 
age (AIN(-) 
+ VREP/GAIN -3/2 LSBs). It applies to both 
unipolar and bipolar analog input ranges. 


UNIPOLAR 
OFFSET 
ERROR 
Unipolar Offset Error is the deviation of the first code transition 
from the ideal AIN( +) voltage is (AIN( -) 
+ 0.5 LSB) when 
operating in the unipolar mode. 


BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (0111 ... 
III 
to 1000 ... 
000) from the ideal AIN( +) voltage (AIN( -) 
-0.5 
LSB) when operating in the bipolar mode. 


BIPOLAR 
NEGATIVE 
FULL-SCALE 
ERROR 
This is the deviation of the first code transition from the ideal 
AIN(+) 
voltage (AIN(-) 
-VREplGAIN 
+ 0.5 LSB) when oper- 


ating in the bipolar mode. 


Jffi 
ATIVE FULL-SCALE 
OVERRANGE 
This is the amount of overhead available to handle voltages on 
AIN(+) 
below AIN(-) 
-VREplGAIN 
without overloading the 
analog modulator or overflowing the digital filter. Note that the 
analog input will accept negative voltage peaks even in the uni- 
polar mode provided that AIN( +) is greater than AIN( -) and 
greater than Vss-30 
mY. 


OFFSET 
CALmRATION 
RANGE 
In the system calibration modes, the AD7710 calibrates its offset 
with respect to the analog input. The Offset Calibration Range 
specification defmes the range of voltages that the AD7710 can 
accept and still calibrate offset accurately. 


FULL·SCALE 
CALIBRATION 
RANGE 
This is the range of voltages that the AD7710 can accept in the 
system calibration mode and still calibrate full scale correctly. 


INPUT 
SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD7710's analog input define the analog input range. 
The input span specification defmes the minimum and maxi- 
mum input voltages from zero to full scale that the AD7710 can 
accept and still calibrate gain accurately. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without 
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


A write to the device with the AO input low writes data to the control register. A read to the device with the AO input low accesses 
the contents of the control register. 


Operating 
Mode 
MD2 
MDI 
MDO 


000 


Operating 
Mode 


Normal Mode. This is the normal mode of operation of the device whereby a read to the device with AO 
high accesses data from the data register. This is the default condition of these bits after the internal power 
on reset. 
Activate Self-Calibration. This activates self-calibration on the channel selected by CH. This is a one-step 
calibration sequence, and when complete, the part rerums to normal mode. The DRDY output indicates 
when this self-calibration is complete. For this calibration type, the zero scale calibration is done internally 
on AGND and the full-scale calibration is done internally on VREF. 
Activate System Calibration. This activates system calibration on th 
channel selected by CH. This is a 
rwo-step calibration sequence, with the zero scale calibration done fIrst on the selected input channel and 
DRDY indicating when this zero scale calibration is com I 
. The part rerurns to normal mode at the end 
of this fIrst step in the rwo-step sequence. 
Activate System Calibration. This is the second step 0 the system calibration sequence with full-scale cali- 
bration being performed on the selected. input channel. Once again, DRDY indicates when the full-scale 
calibration is complete. When this calibration is complete, the part rerums to normal mode. 
Activate System Offset, Cali ration. This activates systeIJ1.Qffset calibration on the channel selected by CH. 
This is a one-step calibration sequence and, wht:l\ cO plete, the part returns to normal mode with DRDY 
indicating when this system offset calibration is complete. For 
.s calibration type, the zero scale calibra- 
tion is done on tl:ie selected input channel and the full-scale 
ibtation is done internally on VREF. 


Activate Background caJibrati~n. 
This activates background calibration on the channel selected by CH. If 
the background calibration mode is on, then the AD7110 provides continuous self-calibration of the refer- 
ence and AGND. This calibration takes place as part of the conversion sequence, extending the conversion 
time and reducing the word rate by a factor of six. Its major advantage is that the user does not have to 
worry about recalibrating the device when there is a change in the ambient temperarure. 
In this mode, 
AGND and VREF' 
as well as the analog input voltage, are continuously monitored and the calibration regis- 
ters of the device are automatically updated, 
if necessary. 


ReadlWrite Zero Scale Calibration CoeffIcients. A read to the device with AOhigh accesses the contents of 
the zero scale calibration coeffIcients of the channel selected by CH. A write to the device with AOhigh 
writes data to the zero scale calibration coeffIcients of the channel selected by CH. The word length for 
reading and writing these coeffIcients is 24 bits, regardless of the starus of the WL bit of the control 
register. 
ReadlWrite Full-Scale Calibration CoeffIcients. A read to the device with AO high accesses the contents of 
the full-scale calibration coeffIcients of the channel selected by CH. A write to the device with AO high 
writes data to the full-scale calibration coeffIcients of the channel selected by CH. The word length for 
reading and writing these coeffIcients is 24 bits, regardless of the starus of the WL bit of the control 
register. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


PGA Gain 


G2 
Gl 
GO 
Gain 


0 
0 
0 
1 
(Default Condition After the 
0 
0 
1 
2 
Internal Power-On Reset) 
0 
1 
0 
4 
0 
1 
1 
8 
1 
0 
0 
16 
1 
0 
1 
32 
1 
1 
0 
64 
1 
1 
1 
128 


Channel Selection 
cn 
Channel 
o 
AINI 
1 
AIN2 


(Default Condition After the 
Internal Power-On Reset) 


Power-Down 
PD 
o 
Normal Operation 
1 
Power-Down 
(Default Condition After the 
Internal Power-On Reset) 


Word Length 


WL 
Output Word Length 
o 
16-Bit 
1 
24-Bit 


Output Compensation 
Current 
10 
o 
1 
(Default Condition After 
Internal Power-On Reset) 


Burn Out Current 
BO 
o 
1 
(Default Condition After 
Internal Power-On Reset) 


BipolarlUnipolar 
Selection 
(Both Inputs) 


BIU 
o 
1 
Bipolar 
Unipolar 
(Default Condition After 
Internal Power-On Reset) 


FILTER 
SECTION 
(FSU-FSO) 
The on-chip digital fI1ter provides a Sinc' (or (Sinxlx)' fI1ter re- 
sponse. The 12 bits of data programmed 
into these bits deter- 
mine the filter cutoff frequency, the position of the first notch 
of the filter and the data rate for the part. In association with 
the gain selection, it also determines the output noise (and hence 
the effective resolution) of the device. 


The first notch of the fI1ter occurs at a frequency determined 
by 
the relationship: fI1ter first notch frequency = (fCLK IN/SI2)/ 
code where code is the decimal equivalent of the code in bits FSO 
• 
to FSll 
and is in the range 19 to 2,000. With the nominal fCLK 
IN of 10 MHz, this results in a first notch frequency range from 
9.76 Hz to 1.028 kHz. To ensure correct operation of the 
AD77lO, the value of the code loaded to these bits must be 
within this range. Failure to do this will result in unspecified 
operation of the device. 


Changing the filt~ notch frequency, as well as the selected gain, 
impacts re 
lution. Tables I and II and Figure 2 show the effect 
of 
e ~er 
notch frequency and gain on the effective resolution 
ofihe 
AD7710. The output data rate (or effective conversion 
time) for the devI 
is equal to the frequency selected for the 
Irst notch of the f~er. 
For example, if the first notch of the 
fI1ter is selected at 50 Hz, then a new word is available at a 
50 Hz 
te or every 20 ms. If the first notch is at 1 kHz, a new 
word is available every 1 ms. 


'The settling time of the fI1ter to a full-scale step input change is 
worst case 4>< 
e data rate. For example, with the first fI1ter 
notch at 50 Hz, the settling time of the fI1ter to a full-scale step 
input change is 80 ms max. If the first notch is at 1 kHz, the 
settling time of the fI1ter to a full-scale input step is 4 ms max 


The - 3 dB frequency is determined by the programmed 
first 
notch frequency according to the relationship: 
filter - 3 dB 
frequency = 0.262 x first notch frequency. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


Table I shows the output rms noise for some typical notch and 
- 3 dB frequencies. The numbers given are for the bipolar input 
ranges with a VREF of +2.5 V. The numbers in Table I are 
guaranteed by a combination of testing, characterization 
and 
design. The output noise from the part comes from two sources, 
the quantization 
noise from the analog-to-digital conversion pro- 
cess and device noise. Device noise is independent 
of gain and 
essentially flat across the frequency spectrum. Quantization 
noise is ratiometric to the input full-scale (and hence gain) and 
its frequency response is shaped by the modulator. 


Looking at the table below, as the cutoff frequency increases the 
output noise increases because more of the quantization 
noise of 
the part comes through to the output and, hence, the output 
noise increases with increasing - 3 dB frequencies. For the 
lower notch settings, the output noise is dominated by the de- 


First Notch of 
Filter and OIP 
Data Rate1 


10Hz" 
25Hz2 
30Hz" 
50Hz" 
60 Hz2 


100 Hz3 
250 Hz3 
500 Hz3 
1 kHz3 


-3 dB 
Frequency 


2.62 Hz 
6.55 Hz 
7.86 Hz 
13.1 Hz 
15.72 Hz 
26.2 Hz 
65.5 Hz 
131 Hz 
262 Hz 


vice noise and, hence, altering the gain has little effect on the 
output noise. At higher notch frequencies, the quantization 
noise dominates the output noise and, in this case, the output 
noise tends to decrease with increasing gain. 


Since the output noise comes from two sources, the effective 
resolution of the device (i.e., the ratio of the output rms noise to 
the input full scale) does not remain constant with increasing 
gain or with increasing bandwidth. 
Table II shows the same ta- 


ble as Table I except that the output is now expressed in terms 
of effective resolution (the magnitude of the rms noise with re- 
spect to 2 x VRE"IGAIN, i.e., the input full scale). It is possi- 
ble to do post fIltering on the device to improve the output data 
rate for a given - 3 dB frequency and also to further reduce the 
output noise (see Digital Filtering section). 


Gain of 
1 


1.7 
3.4 
3.4 
9.5 
13.5 
54 
432 
2.4 x 
13.8 x 103 


Gain of 


32 


0.42 
0.60 
0.60 
0.84 
1.2 
1.7 
13.5 
76 
432 


Gain of 
64 


0.42 
0.60 
0.60 
0.84 
0.84 
1.7 
6.7 
38 
216 


Gain of 
128 


0.42 
0.60 
0.60 
0.84 
0.84 
1.2 
4.8 
19 
108 


NOTES 
'The default condition (after the internal power·on reset) for the first notch of filter 
60 Hz. 


2For these 
mter notch 
frequencies, 
the output 
rms noise 
is primarily 
independent 
of the value of the reference 
voltage. 
Therefore, 
increasing 
the reference 
volt- 
age will give an increase 
in the effective 
resolution 
of the device 
(i.e., 
the ratio of the rms noise 
to the input 
full scale is increased 
since 
the output 
rms noise 
remains 
constant 
as the input 
full-scale 
increases). 
3For these 
mter notch 
frequencies, 
the output 
rms noise 
is proportional 
to the value of the reference 
voltage. 


First Notch of 
Effective Resolution1 
(Bits) 
Filter and OIP 
-3 dB 
Gain of 
Gain of 
Gain of 
Gain of 
Gain of 
Gain of 
Gain of 
Gain of 
Data Rate1 
Frequency 
1 
2 
4 
8 
16 
32 
64 
128 


10 Hz 
2.62 Hz 
21.5 
21.5 
21 
20.5 
19.5 
18.5 
17.5 
16.5 
25 Hz 
6.55 Hz 
20.5 
20.5 
20 
20 
19 
18 
17 
16 
30 Hz 
7.86 Hz 
20.5 
20 
20 
19.5 
18.5 
18 
17 
16 
50 Hz 
13.1 Hz 
19 
19 
19 
18.5 
18 
17.5 
16.5 
15.5 
60 Hz 
15.72 Hz 
18.5 
18.5 
18.5 
18.5 
18 
17 
16.5 
15.5 
100 Hz 
26.2 Hz 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
15.5 
15 
250 Hz 
65.5 Hz 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13 
500 Hz 
131 Hz 
11 
11 
11 
11 
11 
11 
11 
11 
1 kHz 
262 Hz 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 


NOTE 
'Effective resolution is dermed as the magnitude of the output rms noise to the input full scale (i.e., 2 x VRE"IGAIN). 
The above table applies for a VR,p of 


+2.5 V and resolution numbers are rounded to the nearest 0.5 LSB. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


Figure 2 gives similar information to that outlined in Table I. In 
this plot, the output rms noise is shown for the full range of 
available cutoff frequencies rather than for some typical cutoff 
frequencies as in Tables I and II. The numbers given in this 
plot are typical values. 
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Figure 2a. Plot of Output Noise vs. Gain and 
Frequency (Gains of 1 to 8) 


Figure 2b. Plot of Output Noise vs. Gain and Notch 
Frequency (Gains of 16 to 128) 


CIRCUIT 
DESCRIPTION 
The AD7710 is a sigma-delta AID converter with on-chip digital 
fIltering, intended for the measurement 
of wide dynamic range, 
low frequency signals such as those in weigh scale, industrial 
control or process control applications. It contains a sigma-delta 
(or charge balancing) ADC, a calibration microcontroller 
with 
on-chip static RAM, a clock oscillator, a digital fIlter and a bidi- 
rectional serial communications 
port. 


The part contains two programmable 
gain differential analog 
input channels. The gain range is from I to 128 allowing the 
part to accept unipolar signals of between 0 to + 20 mV and 0 to 
+2.5 V or bipolar signals in the range from ±20 mV to ±2.5 V 
when the reference input voltage equals +2.5 V. The input sig- 
nal to the selected analog input channel is continuously sampled 
at a rate determined by the frequency of the master clock, eLK 
IN, and the selected gain (see Table III). A charge balancing 
AID converter (Sigma-Delta Modulator) converts the sampled 
signal into a digital pulse train whose duty cycle contains the 
2 


digital information. 
The programmable 
gain function on the an- 


alog input is also incorporated 
in this sigma-delta modulator 
with the input sampling frequency being modified to give the 
higher gains. A sinc' digital low pass fIlter processes the output 
of the sigma-delta modulator and updates the output register at 
a rate determined by the first notch frequency of this fIlter. The 
output data can be ~ad from the serial port randomly or period- 
ically at any 
te 
to the output register update rate. The first 
notch 0 
digital 
ter (and hence its - 3 dB frequency) can 
be 
r 
a an on-chip control register. The programma- 
ble 
fop' 
s first notch frequency is from 9.76 Hz to 


. 28 kHz, giving 
programmable 
range for the -3 dB fre- 


q ency 
2.S 
69 Hz. 


ANALOG 


GROUNO 


DIGITAL 


GROUND 


VO.'~F 


DATA 


CROY 
READY 


TFS 
TRANSMIT 


(WRITE) 


RFS 
RECEIVE 


(READ) 


SDATA 
SERIAL 


DATA 


SCLK 
SERIAL 


CLOCK 


AO 
ADDRESS 


INPUT 


MODE 


SYNc 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 
Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 
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01 canorauon opuons wrucn 
can be programmed 
via the on-chip control register. A calibra- 
tion cycle may be initiated at any time by writing to this control 
register. The part can perform self-calibration using the on-chip 
calibration microcontroller 
and SRAM to store calibration pa- 
rameters. Other system components may also be included in the 
calibration loop to remove offset and gain errors in the input 
channel using the system calibration mode. Another option is a 
background calibration mode where the part continuously per- 
forms self-calibration and updates the calibration coefficients. 
Once the part is in this mode, the user does not have to worry 
about issuing periodic calibration commands to the device or ask 
the device to recalibrate when there is a change in the ambient 
temperature 
or power supply voltage. 


The AD77l0 gives the user access to the on-chip calibration reg- 
isters allowing the microprocessor to read the device's calibra- 
tion coefficients and also to write its own calibration coefficients 
to the part. This gives the microprocessor much greater control 
over the AD7710's calibration procedure. 
It also means that the 
user can verify that the device has performed its calibration cor- 
rectly by comparing the coefficients after calibration with pre- 
stored values in E2pROM. 


The AD7710 can be operated in single supply systems provided 
that the analog input voltage does not go more negative th~ 
mY. For larger bipolar signals, a Vss of -5 V is requir 
by 
part. For battery operation, the AD7710 also offe 
So 
ar 
programmable 
standby mode that reduces i<ij 
co sump- 
tion to typically 50 II-W. 


uversampling 
is fundamental 
to the operation of sigma-delta 
ADCs. Using the quantization 
noise formula for an ADC: 


SNR 
= (6.02 x number of bits + 1.76) dB, 


a I-bit ADC or comparator yields an SNR of 7.78 dB. 


The AD7710 samples the input signal at a frequency of 20 kHz 
or greater (see Table III). As a result, the quantization 
noise is 
spread over a much wider frequency than that of the band of 
interest. The noise in the band of interest is reduced still further 
by analog fIltering in the modulator loop, which shapes the 
quantization 
noise spectrum to move most of the noise energy to 
frequencies outside the bandwidth of interest. The noise perfor- 
mance is thus improved from this I-bit level to the performance 
outlined in Tables I and II and in Figure 2. 


THEORY OF OPERATION 
The general block diagram of a sigma-delta A 
Figure 4. It contains the following elements: 


1. 
A sample-hold amplifier. 


2. A differential amplifier or subtractor. 


3. An analog low pass fIlter. 


4. A I-bit NO converter (comparator). 


5. A I-bit DAC. 


6. A digital-low pass fIlter. 


In operation, the analog signal sample is fed to the subtractor, 
along with the output of the I-bit DAC. The fIltered difference 
signal is fed to the comparator, 
whose output samples the differ- 
ence signal at a frequency many times that of the analog signal 
sampling frequency (oversampling). 


It consists of a differential amplifier (whose output is the differ- 
ence between the analog input and the output of a I-bit DAC), 
an integrator and a comparator. 
The term, charge balancing, 
comes from the fact that this system is a negative feedback loop 
that tries to keep the nett charge on the integrator capacitor at 
zero, by balancing charge injected by the input voltage with 
charge injected by the I-bit DAC. When the analog input is 
zero, the only contribution 
to the integrator output comes from 
the I-bit DAC. For the nett charge on the integrator capacitor 
to be zero, the DAC output must spend half its time at +FS 
and half its time at - FS. Assuming ideal components, 
the dury 
cycle of the comparator will be 50%. 


When a positive analog input is applied, the output of the I-bit 
DAC must spend a larger proportion of the time at +FS, so the 
duty cycle of the comparator increases. When a negative input 
voltage is applied, the duty cycle decreases. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


digital fllter that provides a rolling average of the sampled out- 
put. Mter power up or if there is a step change in the input 
voltage, there is a settling time that must elapse before valid 
data is obtained. 


Input Sample Rate 
The modulator sample frequency for the device remains at 
fCLK IN/512 (20 kHz @ fCLK IN = 10 MHz) regardless of the 
selected gain. However, gains greater than x I are achieved by a 
combination of multiple input samples per modulator cycle and 
a scaling of the ratio of reference capacitor to input capacitor. 
As a result of the multiple sampling, the input sample rate of 
the device varies with the selected gain (see Table III). The ef- 
fective input impedance is IIC • fs where C is the input sam- 
pling capacitance and fs is the input sample rate. 


Gain 
I 
2 
4 
8 
16 
32 
64 
128 


DIGITAL 
FILTERING 
The AD7710's digital fllter behaves like a similllr 
with a few minor differences. 


First, since digital flltering occurs after the A-to-D conversion 
process, it can remove noise injected during the conversion pro- 
cess. Analog flltering cannot do this. 


On the other hand, analog flltering can remove noise superim- 
posed on the analog signal before it reaches the ADC. Digital 
flltering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator and 
digital fllter, even though the average value of the signal is 
within limits. To alleviate this problem, the AD7710 has over- 
range headroom built into the sigma-delta modulator and digital 
fllter which allows overrange excursions of 5% above the analog 
input range. If noise signals are larger than this, consideration 
should be given to analog input flltering, or to reducing the in- 
put channel voltage so that its full scale is half that of the analog 
input channel full scale. This will provide an overrange capabil- 
ity greater than 100% at the expense of reducing the dynamic 
range by I bit (50%). 


Filter Characteristics 
The cutoff frequency of the digital fllter is determined 
by the 
value loaded to bits FSO to FS 11 in the control register. At the 
maximum clock frequency of 10 MHz, the minimum cutoff fre- 
quency of the filter is 2.58 Hz while the maximum program- 
mable cutoff frequency is 269 Hz. 


- 
. 
. 


quency of 2.62 Hz which corresponds to a first filter notch fre- 
quency of 10 Hz. This is a (sinxlx)' response (also called sinc') 
that provides> 
100 dB of 50 Hz and 60 Hz rejection. Program- 
ming a different cutofffrequency 
via FSo-FSII 
does not alter 
the proflle of the fllter response, it changes the frequency of the 
notches as outlined in the Control Register section. • 


ite· 
The 
-chi 
mooulator provides samples at a 20 kHz output 
. The on-chip digital fllter decimates these samples to pro- 


yid~ata 
at an output rate which corresponds to the pro- 


trammed 
first notch frequency of the fllter. Since the output 
data rate exceeds the Nyquist criterion, the output rate for a 
given bandwidth will satisfy most application requirements. 
However, there may be some applications which require a 
higher data rate for a given bandwidth and noise performance. 
Applications which need this higher data rate will require some 
post flltering following the digital fllter of the AD7710. 


For example, if the required bandwidth is 7.86 Hz but the re- 
quired update rate is 100 Hz, the data can be taken from the 
AD7710 at the 100 Hz rate giving a -3 dB bandwidth of 26.2 
Hz. Post flltering can be applied to this to reduce the bandwidth 
and output noise, to the 7.86 Hz bandwidth level, while main- 
taining an output rate of 100 Hz. 


Since the AD7710 contains this on-chip, low pass flltering, there 
is a settling time associated with step function inputs, and data 
on the output will be invalid after a step change until the set- 
tling time has elapsed. The settling time depends upon the 
notch frequency chosen for the fllter. The output data rate 
equates to this fllter notch frequency and the settling time of the 
fllter to a full-scale step input is 4 times the output data period. 
In applications using both input channels, the settling time of 
the fllter must be allowed to elapse before data from the second 
channel is accessed. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


Post ftltering can also be used to reduce the output noise from 
the device for bandwidths 
below 2.62 Hz. At a gain of 128, the 
output rms noise is 420 nV. This is essentially device noise or 
white noise, and since the input is chopped, the noise has a flat 
frequency response. By reducing the bandwidth 
below 2.62 Hz, 
the noise in the resultant passband can be reduced. A reduction 
in bandwidth 
by a factor of 2 results in a y'2 reduction in the 
output rms noise. This additional ftltering will result in a longer 
settling time. 


Antialias Considerations 
The digital ftlter does not provide any rejection at integer multi- 
ples of the modulator sample frequency (n x 20 kHz, where 
n = 1, 2, 3 ... 
). This means that there are frequency bands, 


±f, 
dB wide (f, dB is cutoff frequency selected by FSO to FSll) 


where noise passes unattenuated 
to the output. However, due to 
the AD7710's high oversampling ratio, these bands occupy only 
a small fraction of the spectrum and most broadband noise is 
ftltered. In any case, because of the high oversampling ratio a 
simple, RC, single pole ftlter is generally sufficient to attenuate 
the signals in these bands on the analog input and thus provide 
adequate antialiasing filtering. 


The compensation current provides a 20 J.LAconstant current 
source which can be used in association with a thermistor or a 
diode to provide cold junction compensation. 
A common 
method of generating cold junction compensation is to use a 
temperature 
dependent current flowing through a fixed resistor 
to provide a voltage that is equal to the voltage developed across 
the cold junction at any temperature 
in the expected ambient 
range. In this case, the temperature 
coefficient of the compensa- 
tion current is so low compared with the temperature 
coefficient 
of the thermistor that it can be considered constant with temper- 
ature. The temperature 
variation is then provided by the varia- 
tion of the thermistor's 
resistance with temperature. 


ANALOG 
INPUT 
FUNCTIONS 
Analog Input Ranges 
Both analog inputs are differential, programmable 
gain, inpu 
channels which can handle either unipolar or bipolar input slg 
nals. The common-mode 
range of these inputs is from 'Ii 
to 
AVDD provided that the absolute value of the liDalog mput volt- 
age lies between Vss - 30 mV and AVD 


The input sample rate for the part varies as per TableJ 
the input sampling capacitance is 15 pF typical. The e ective 
input impedance is lIC • fs and this results in a maximum 31- 
lowable source impedance of whatever is driving the 
alog in- 


put of 10 kO to ensure correct charging of the sampling 
capacitor. 


The dc input leakage current is 10 pA maximum at +25°C. This 
results in a dc offset voltage developed across the source imped- 
ance. However, this dc offset effect can be compensated for by a 
combination of the differential input capability of the part and 
its system calibration mode. 


Burn-Out Current 
The AINl( +) input of the AD7710 contains a 100 nA current 
source which can be turned on/off via the control register. This 
current source can be used in checking that a transducer has not 
burnt out or gone open circuit before attempting to take mea- 
surements on that channel. If the current is turned on and 
allowed flow into the transducer and a measurement 
of the input 
voltage on the AINI input is taken, it can indicate that the 
transducer is not functioning correctly. For normal operation, 
this burn-out current is turned off by writing a 0 to the BO bit 
in the control register. 


Output Compensation 
Current 
The AD7710 also contains a feature which can enable the user 
to implement cold junction compensation in thermocouple 
appli- 
cations. This can be achieved using the output compensation 
current from the lOUT pin of the device. Once again, this cur- 
rent can be turned on/off via the control register. Writing a 1 to 
the 10 bit of the control register enables this compensation 
current. 


REFERE 
The 
1 
contains a temperature 
compensated 
+2.5 V refer- 
ence'which has an initial tolerance of ±25 mY. This reference 
oltage is provided at the REF OUT pin and it can be used as 
the reference voltage for the part by connecting the REF OUT 
pin to the REF IN( +) pin. This REF OUT pin is a single- 
ended output, referenced to AGND, which is capable of provid- 
ing up to 1 mA to an external load. In applications where REF 
OUT is connected directly to REF IN( +), REF IN( -) should 
be tied to AGND to provide the nominal +2.5 V reference for 
the AD7710. 


The reference inputs of the AD7710, REF IN( +) and REF 
IN( -), 
provide a differential reference input capability. The 
common-mode range for these differential inputs is from Vss to 
AVDD• The nominal differential voltage, VREF (REF IN(+) 
- REF IN( - )), is +2.5 V for specified operation, but the refer- 
ence voltage can go to + 5 V with no degradation in performance 
provided that the absolute value of REF IN( +) and REF IN( -) 
does not exceed its AVDD and Vss limits. REF IN( +) must al- 
ways be greater than REF IN( -) for correct operation of the 
AD7710. 


Both reference inputs provide a high impedance, 
dynamic load 
similar to the analog inputs. The maximum dc input leakage 
current is 10 pA (± 1 J.LAover temperature) 
and source resis- 
tances will result in gain errors on the part. The reference in- 
puts are switched capacitor inputs with the input capacitance 
dependent upon the selected gain. For gains of 1 to 8 the input 
capacitance is 20 pF; for a gain of 16 it is 10 pF; for a gain of 
32 it is 5 pF; for a gain of 64 it is 2.5 pF; and for a gain of 128 
it is 1.25 pF. 
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The digital fIlter of the AD7710 removes noise from the refer- 
ence input just as it does with the analog input, and the same 
limitations apply regarding lack of noise rejection at integer mul- 
tiples of the sampling frequency. The output noise performance 
outlined in Tables I and II assumes a clean reference. If the ref- 
erence noise in the bandwidth of interest is excessive, it can de- 
grade the performance of the AD7710. Figure 7 shows the noise 
performance of the AD7710's on-board reference. 


Clocking 
The AD7710 requires a master clock input, which may be an 
external TTUCMOS compatible clock signal applied to the 
MCLK IN pin with the MCLK OUT pin left unconnected. 
Al- 
ternatively, a crystal of the correct frequency can be connected 
between MCLK IN and MCLK OUT, in which case the clock 
circuit will function as a crystal controlled oscillator. For lower 
clock frequencies, a ceramic resonator may be used instead of 
the crystal. For these lower frequency oscillators, external capac- 
itors may be required on either the ceramic resonator or on the 
• 
crystal. 


The input sampling frequency, the modulator sampling fre- 
quency, the - 3 dB frequency, output update rate and calibra- 
tion time are all directly related to the master clock frequency, 
feLK 
IN. Reducing the master clock frequency by a factor of 2 
will halve the above frequencies and update rate and will double 
the calibration 
. 
e. 


VBIAS Input 
The VBIAS input determines at what voltag 
circuitry is biased. It essentially provides the r 
rn 
ath for 
analog currents flowing in the modulator and, as such, it sho 
be driven from a low impedance point to minimize errors. 


For maximum internal headroom, the VBIAS voltage should be 
sel halfway between AVDD and Vss. The difference between 
AVDD and 
(VBIAS 
+ 0.85 x VREF) 
determines the amount of 
headroom the circuit has at the upper end, while the difference 
between Vss and (VBIAS 
-0.85 
x VREF) 
determines the amount 
of headroom the circuit has at the lower end. Care should be 
taken in choosing a VBIAS voltage to ensure that VBIAS ±0.85 x 
VREF does not exceed the AVDD and Vss 
limits. For example, with AVDD = +4.75 V, Vss = 0 V and 
VREF 
= +2.5 V, the allowable range for the VBIAS voltage is 
+2.125 V to +2.625 V. With AVDD = +9.5 V, Vss = 0 V and 
VREF 
= +5 V, the range for VBIAS is +4.25 V to +5.25 V. 
With AVDD = +4.75 V, Vss = -4.75 
V and VREF 
= +2.5 V, 
the VBIAS range is -2.625 
V to +2.625 V. 


USING THE AD7710 


SYSTEM 
DESIGN 
CONSIDERATIONS 
The AD7710 operates differently from successive approximation 
ADCs or integrating ADCs. Since it samples the signal continu- 
ously, like a tracking ADC, there is no need for a start conven 
command. The output register is updated at a rate determined 
by the fIrst notch of the fIlter and the output can be read at any 
time, either synchronously or asynchronously. 


ACCURACY 
Sigma-delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotoniciry 
and inherently offer 
no missing codes performance. 
The AD7710 achieves excellent 
lineariry by the use of high quality, on-chip silicon dioxide ca- 
pacitors, which have a very low capacitance/voltage coeffIcient. 
The device also achieves low input drift through the use of 
chopper stabilized techniques in its input stage. To ensure excel- 
lent performance over time and temperature, 
the AD7710 uses 
digital calibration techniques which minimize offset and gain 
error. 


Autocalibration 
Autocalibration 
on the AD771 0 removes offset and gain errors 
from the device. A calibration routine should be initiated on the 
device whenever there is a change in the ambient operating tem- 
perature or supply voltage. It should also be initiated if there is 
a change in the selected channel, gain, fIlter notch or bipolar/u- 
nipolar input range. However, if the AD7710 is in its back- 
ground calibration mode, the above changes are all automatically 
taken care of (after the settling time of the fIlter has been al- 
lowed for). 
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System Calibration 
System calibration allows the AD7710 to oompensa 
for $j5tem 
gain and offset errors as well as its own internal erro~s. SysJeln 
calibration performs the same slope factor calculatiol1$ as self- 
calibration but uses voltage values presented by the system to 
the AIN inputs for the zero and full-scale points. System cali- 
bration is a two-step process. The zero scale point must be pre- 
sented to the converter fIrst. It must be applied to the converter 
before the calibration step is initiated and remain stable until the 
step is complete. System calibration is initiated by writing the 
appropriate values (0, 1, 0) to the MD2, MDI and MDO bits of 
the control register. The DRDY output from the device will 
signal when the step is complete by going low. After the zero 
scale point is calibrated, the full-scale point is applied and the 
second step of the calibration process is initiated by again writ- 
ing the appropriate 
values (0, 1, 1) to MD2, MDI and MDO. 


Again the full-scale voltage must be set up before the calibration 
is initiated and it must remain stable throughout 
the calibration 
step. DRDY goes low at the end of this second step to indicate 
that the system calibration is complete. In the unipolar mode, 
the system calibration is performed between the two endpoints 
of the transfer function; in the bipolar mode, it is performed 
between midscale and positive full scale. 


This two-step system calibration mode offers another feature. 
After the sequence has been completed, additional offset calibra- 
tions can be performed by themselves to adjust the zero refer- 
ence point to a new system zero reference value. This is 
achieved by perfortning the fIrst step of the system calibration 
sequence (by writing 0, 1,0 to MD2, MD1, MDO). This will 
adjust the zero scale or offset point but will not change the 
slope factor from what was set during a full system calibration 
sequence. 


This information applies to a product under development. 
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modulator output for two different input conditions. These are 
"zero scale" and "full-scale" points. With these readings, the 
microcontroller 
can calculate the gain slope for the input to out- 
put transfer function of the converter. Internally, the part works 
with a resolution of 33 bits to detertnine its conversion result of 
either 16 bits or 24 bits. 


Self-Calibration 
In the self-calibration mode with a unipolar input range, the 
zero scale point used in determining the calibration coeffIcients 
is AGND and the full-scale point is VREF. The zero scale coeffI- 
cient is determined by converting an internal AGND node. The 
full-scale coeffIcient is detertnined from the span between this 
AGND conversion and a conversion on an internal VREF node. 
The self-calibration mode is invoked by writing the appropriate 
values (0, 0, 1) to the MD2, MDI and MDO bits of the control 
register. In this calibration mode, the AGND node is switched 
in to the modulator fIrst and a conversion is performed; 
the 
VREFnode is then switched in and another conversion is per- 
formed. When the calibration sequence is complete, the calibra- 
tion coeffIcients updated and the filter resettled to the analog 
input voltage, the DRDY output goes low. 


For bipolar input ranges in the self-calibrating mode, the se 
quence is very similar to that just outlined. In this case, the 
points which the AD7710 calibrates are midscale-( 
·po)ar 
ro) 
and positive full scale. 


the system is presented to the AIN input of the converter. 
Sys- 
tem offset calibration is initiated by writing 1,0,0 
to MD2, 
MD1, MDO. The system zero scale coeffIcient is detertnined 
by 
converting the voltage applied to the AIN input while the full- 
scale coeffIcient is detertnined from the span between this AIN 
conversion and a conversion on an internal VREF node. The zero 
scale point should be applied to the AIN input for the duration 
of the calibration sequence. This is a one-step calibration se- 
quence with DRDY going low when the sequence is completed. 
In the unipolar mode, the system offset calibration is performed 
between the two endpoints of the transfer function; in the bipo- 
lar mode, it is performed between midscale and positive full 
scale. 


Background 
Calibration 
The AD7710 also offers a background calibration mode where 
the part interleaves its calibration procedure with its normal 
conversion sequence 
1 
the background calibration mode, the 
same nodes are used as t1ie calibration points as are used in the 
self-calibratlon 
, i.e., AGND and VREF. The background 
calib 
ti~ 
mode-is invoked by writing 1, 0, 1 to MD2, MD1, 
MDO 0 
e contro 
register. When invoked, the background 
aili! ration mode ~ 
ces ~ 
output data rate of the AD7710 by 
a factor of 
ix. Its a v 
tage is that the part is continually per- 
f, rmi~ 
calibranon and automatically updating its calibration 
cOefficients. As a result, the effects of temperature 
drift, supply 
~sitivity 
and 
e drift on zero and full-scale errors are auto- 
lliaticall,Yremoved. When the background calibration mode is 
turned on, the 
will remain in this mode until bits MD2, 
MI?l-and 
MDO of the control register are changed. 


able IV summarizes the calibration modes and the calibration 
points associated with them. 


Span and Offset Limits 
Whenever a system calibration mode is used, there are limits on 
the amount of offset and span which can be accommodated. 
The 
range of input span in both the unipolar and bipolar modes has 
a minimum value of 0.8 x VRE,JGAIN and a maximum value 
of 2.1 x VREF/GAIN. 


The amount of offset which can be accommodated 
depends on 
whether the unipolar or bipolar mode is being used. In unipolar 
mode, the system calibration modes can handle a maximum off- 
set of 0.25 x VRE,JGAIN and a minimum offset of -(1.05 
x 


VRE,JGAIN). This offset range is limited by the requirement 
that the positive full-scale calibration limit is :s 1.05 x VRE,J 
GAIN. Thus, the maximum offset (0.25 x VRE,JGAIN) plus 
the minimum span (0.8 x VREF/GAIN) cannot exceed 1.05 x 
VRE,JGAIN. 


In the bipolar mode, the system offset calibration range is re- 
stricted to :!:0.65 x VRE,JGAIN. The span range of the con- 
verter in bipolar mode is equidistant around the voltage used for 
the zero scale point. Therefore, 
the maximum offset :!:(0.65 x 


VRE,JGAIN) plus half the minimum span :!:(0.4 x VREF. 
/GAIN) must be less than :!:(1.05 x VRE,JGAIN). If the span is 
set to 2 x VRE,JGAIN, the offset span cannot move more than 
:!:(0.05 x VRE,JGAIN) before the endpoints of the transfer 
function exceed the input overrange limits ",,(1.05 x 
VREFPAIN). 


Cal Type 
MD2, MDl, 
MDO 
Zero Scale Cal 
Full-Scale 
Cal 
Sequence 


Self-Cal 
0,0, 
I 
AGND 
VREF 
One Step 
System Cal 
0, 1,0 
AIN 
Two Step 
System Cal 
0, I, I 
AIN 
Two Step 
System Offset Cal 
1,0,0 
AIN 
VREF 
One Step 
Background Cal 
1,0, 
I 
AGND 
VREF 
One Step 


POWER-UP 
AND CALmRATION 
On power-up, the AD7710 performs an internal reset which sets 
the contents of the control register to a known state. However, 
to ensure correct calibration for the device, a calibration routine 
should be performed after power-up. 


The power dissipation and temperature 
drift of the AD7710 are 
low and no warm up time is required before the initial calibra- 
tion is performed. 
However, if an external reference is being 
used, this reference must have stabilized before calibration is 
initiated. 


Drift Considerations 
The AD7710 uses chopper stabilization techniques to minimize 
input offset drift. Charge injection in the analog switches.,nd 
c 
leakage currents at the sampling node are the primary so 
s 0 
offset voltage drift in the converter. The dc inplill~age 
CUF- 


rent is essentially independent 
of the selecp:q 
. 
bu 
Charge 
injection effects will increase with iner' 
• As a res 
t 
the offset drift numbers will be sligIltl}!larger 
or 
er gams. 


Gain drift within the converter depends primarily upon 
m- 
perature tracking of the internal capacitors. 
i no af ~ted 
b 
leakage currents. 


Measurement errors due to offset drift or gain drift can be elimi- 
nated at any time by recalibrating the converter or by operating 
the part in the background calibration mode. Using the system 
calibration mode can also minimize offset and gain errors in the 
signal conditioning circuitry. Integral and differential linearity 
errors are not significantly affected by temperature 
changes. 


POWER SUPPLffiS 
AND GROUNDING 
Since the analog inputs and reference input are differential, 
most of the voltages in the analog modulator are common-mode 
voltages. VBIAS provides the return path for most of the analog 
currents flowing in the analog modulator. 
As a result, the VBIAS 
input should be driven from a low impedance to minimize errors 
due to charging/discharging 
impedances on this line. When the 
internal reference is used as the reference source for the part, 
AGND is the ground return for this reference voltage. 


The analog and digital supplies to the AD77l0 are independent 
and separately pinned out to minimize coupling between the 
analog and digital sections of the device. The digital fIlter will 
provide rejection of broadband noise on the power supplies, ex- 
cept at integer multiples of the modulator sampling frequency. 
The digital supply (DV 00) must never exceed the analog posi- 
tive supply (AVoo) by more than O.3V. Power supply sequenc- 
ing, therefore, is important. 
If separate analog and digital 
' 


supplies are used, care must be taken to ensure that the analog 
supply is powered up fIrst. If this cannot be ensured, or if 
DVoo can exceed AVoo al any other lime, a Schottky diode 
should be placed between DVoo and AVoo' 


DIGITAL 
INTERFACE 
The AD7710's serial communications 
port provides a flexible 
arrangement to allow easy interfacing to industry standard mi- 
croprocessors, microcontrollers 
and digital signal processors. A 
serial read to the AD7710 can access data from the output regis- 
ter, the control register or from the calibration registers. A serial 
write to the AD7710 can write data to the control register or the 
calibration registers. 


Two differ 
r modes, of operation are available, optimized for 
differen 
lypesof 
interface where the AD7710 can act either as 
aster in, 
system (it provides the serial clock) or as slave (an 
elf' tilaI serial clOOll.can be provided to the AD7710). These two 
~es, 
labell 
If clocking mode and external clocking mode, 
are discussed 'in;:Q ail in the following sections. 


elf-CioCkiog Mode 
D7710 is confIgured for its self-clocking mode by tying 
e 
ODE pin high. In this mode, the AD7710 provides the 
serial c ock' 
used for the transfer of data to and from the 
D771 
Tbis self-clocking mode can be used with processors 
w 
ch 
ow an external device to clock their serial port includ- 
mg most digital signal processors and microcontrollers 
such as 
the 68HCll 
and 68HCOS. It also allows easy interfacing to serial 
parallel conversion circuits in systems with parallel data commu- 
nication, allowing interfacing to 74XX299 Universal Shift regis- 
ters without any additional decoding. In the case of shift 
registers, the serial clock line should have a pull down resistor 
instead of the pull up resistor shown in Figure 8 and Figure 9. 


Read Operation 
Data can be read from either the output register, the control 
register or from the calibration registers. AO determines whether 
the data read accesses data from the control register or from the 
output/calibration 
registers. This AO signal must remain valid 
for the duration of the serial read operation. The function of the 
DRDY line is dependent only on the output update rate of the 
device and the reading of the output data register. DRDYonly 
goes low when a new data word is available in the output data 
register. It is reset high when the last bit of data (either 16th bit 
or 24th bit) is read from the output register. If a new data word 
becomes available to the output register while data is being read 
from the output register, DRDY will not indicate this and the 
new data word will be lost to the user. DRDY is not affected by 
reading from the control register or the calibration registers. 


• 
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Data can only be accessed from the output data register when 
DRDY is low. If RFS goes low while DRDY is high, the SCLK 
and SDATA lines will not become active until DRDY goes low. 
When DRDY goes low, the data word will then be output by 
the AD7710. If RFS goes low with DRDY high, no data trans- 
fer will take place until DRDY does go low. Provided RFS stays 
low for long enough, RFS can in most cases be brought low at 
any time with the AD7710 clocking the data into the micropro- 
cessor, microcontroller 
or shift register when its clock and data 
lines become active. DRDY does not have any effect on reading 
data from the control register or from the calibration registers. 


Figures 8a and 8b show timing diagrams for reading from the 
AD7710 in the self-clocking mode. Figure 8a shows a situation 
where all the data is read from the AD7710 in one read opera- 
tion. Figure 8b shows a situation where the data is read from 
the AD7710 over a number of read operations. Both read opera- 
tions show a read from the AD7710's output data register. A 
read from the control register or calibration registers is similar 
but in these cases the DRDY line is not related to the read 
function. It can go low at any stage in the read cycle without 
affecting the read and its status should be ignored. 


Figure 8a shows a read operation to the AD771 0 where RFS 
remains low for the duration of the data word transmission. 
For 
the timing diagram shown, it is assumed that there is a pull up 
resistor on the SCLK output. With DRDY low, the RFS input 
is brought low. RFS going low enables the serial clock of the 
AD7710 and also places the MSB of the word on the serial data 
line. All subsequent data bits are clocked out on a high to low 
transition of the serial clock and are valid prior to the following 
rising edge of this clock. The fmal active falling edge of SCLK 
clocks out the LSB and this LSB is valid prior to the fmal active 
rising edge of SCLK. Coincident with the next falling edge of 
SCLK, DRDY is reset high. DRDY going high turns off the 
SCLK and the SDATA outputs. This means that the data hold 
time for the LSB is slightly shorter than for all other bits. 


Figure 8b shows a timing diagram for a read operation where 
RFS returns high during the transmission of the word and re- 
turns low again to access the rest of the data word. As before, 
the waveform for SCLK assumes that there is a pull up resistor 
on this line. Timing Rarameters and functions are very similar to 
that outlined for 
. 
e 
, but Figure 8b has a number of addi- 
tional timeHll 
sli 
timing relationships when RFS returns high 
in the middk 
f transferring a word. 
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RFS should return high during a low time of SCLK. On the 
rising edge of RFS, the SCLK and SDATA outputs are turned 
off. DRDY remains low and will remain low until all bits of the 
data word are read from the AD7710, regardless of the number 
of times RFS changes state during the read operation. When 
RFS returns low again, it turns on the SCLK output and acti- 
vates the SDATA output. The fIrst bit placed on the SDATA 
line after RFS goes low is the same bit as appeared on the bus 
when RFS went high. When the entire word is transmitted, 
the 
DRDY line will go high turning off the SDATA and SCLK 
lines as per Figure 8a. 


Write Operation 
Data can be written to either the control register or calibration 
registers. In either case, the write operation is not affected by 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. 


Figure 9a shows a write operation to the AD7710 with TFS re- 
maining low for the duration of the write operation. AO deter- 
mines whether a write operation transfers data to the control 
register or to the calibration registers. This AO signal must re- 
main valid for the duration of the serial write operation. The 
falling edge of TFS enables the internally generated SCLK nut,- 
put. The serial data to be loaded to the AD7710 must be Vali 
on the rising edge of this SCLK signal. Data is cl 
d in o.the 
AD7710 on the rising edge of the SCLK sign 
WID 
MSB 
transferred fIrst. On the last active rising e 
0 
LK, 


LSB is loaded to the AD7710. Subsequent 
to the next falling 
edge of SCLK, the SCLK output is turned off. (The timing dia- 
gram of Figure 9a assumes a pull up resistor on the SCLK line.) 


Figure 9b shows a timing diagram for a write operation to the 
AD7710 with TFS returning high during the write operation 
and returning low again to write the rest of the data word. Once 
again, the timing diagram of Figure 9b assumes a pull up resis- 
tor on the SCLK output. Timing parameters and functions are 
very similar to that outlined for Figure 9a but Figure 9b has a 
number of additional times to show timing relationships when 
• 
TFS returns high in the middle of transferring 
a word. 


The falling edge of TFS again initiates the SCLK output and 
data to be loaded to the AD7710 must be valid prior to the ris- 
ing edge of this SCLK signal. The rising edge of TFS turns off 
the SCLK output. TFS should return high during the low time 
of SCLK. When TF 
returns low again, it turns on the SCLK 
output. When all da 
bits have been written to the device, the 
SCLK outp 
i 
~ 
off as per Figure 9a. 


Extemlll Clo 
. g Mode 


'The A 
771~ IS confIgured for its external clocking mode by 


Ull{ tHe MODE pm low. In this mode, SCLK of the AD7710 
is.confIgured 
iw>ftt and an external serial clock must be 
pro idea to thifSCLlC 
pin. This external clocking mode is de- 
si 
ed 
eet interface to systems which provide a serial 
lltput which is synchronized to the serial data output, 
mcm . g microcontrol1ers such as the 8OCS1, 87CS1, 68HCll 
and 68HCOS 
most digital signal processors. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


i\UII1U 
III the external clocklllg mode. Figure lOa shows a situ- 


ation where all the data is read from the AD7710 in one read 
operation. Figure lOb shows a situation where the data is read 
from the AD7710 over a number of read operations. 


As with the self-clocking mode, data can be read from either the 
output register, the control register or from the calibration regis- 
ters. AOdetermines whether the data read accesses data from 
the control register or from the output/calibration 
registers. This 
AO signal must remain valid for the duration of the serial read 
operation. The function of the DRDY line is dependent only on 
the output update rate of the device and the reading of the out- 
put data register. DRDY only goes low when a new data word 
is available in the output data register. It is reset high when the 
last bit of data (either 16th bit or 24th bit) is read from the out- 
put register. If a new data word becomes available to the output 
register while data is being read from the output register, 
DRDY will not indicate this and the new data word will be lost 
to the user. DRDY is not affected by reading from the control 
register or the calibration register. 


Data can only be accessed from the output data register when 
DRDY is low. If RFS goes low while DRDY is high, the 
SDATA line will not become active until DRDY goes low. In 
this external clocking mode, an external clock is applied to the 
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However, with DRDY high SDATA is not active and no data is 
transmitted. 
DRDY does not have any effect on reading data 
from the control register or from the calibration registers. 


Figure lOa shows a read operation to the AD7710 where RFS 
remains low for the duration of the data word transmission. 
With DRDY low, the RFS input is brought low. The input 
SCLK signal should be low between read and write operations. 
RFS going low places the MSB of the word to be read on the 
serial data line. All subsequent 
data bits are clocked out on a 
high to low transition of the serial clock and are valid prior to 
the following rising edge of this clock. The penultimate 
falling 
edge of SCLK clocks out the LSB and the final falling edge re- 
sets the DRDY line high. This rising edge of DRDY turns off 
the serial data output. 


Figure lOb shows a timing diagram for a read operation where 
RFS returns high during the transmission of the word and re- 
turns low a~ain to access tJle rest of the data word. Timing pa- 
rameters an~ functions 
very similar to that outlined for 
Figure lOa but F" 
lOb 
as a number of additional times to 
show ti 
. g te 
ti I1sliips when RFS returns high in the middle 
t 
~. 
g a 
ord. 
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RFS should return high during a low time of SCLK. On the 
rising edge of RFS, the SDATA output is turned off. DRDY 
remains low and will remain low until all bits of the data word 
are read from the AD7710, regardless of the number of times 
RFS changes state during the read operation. When RFS re- 
turns low again, it activates the SDATA output and places the 
next bit of the data word on the SDATA output. When the en- 
tire word is transmitted, 
the DRDY line will go high turning off 
the SDATA output as per Figure lOa. 


Write Operation 
Data can be written to either the control register or calibration 
registers. In either case, the write operation is not affected by 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. 


Figure lIa shows a write operation to the AD7710 with TFS 
remaining low for the duration of the write operation. AO deter- 
mines whether a write operation transfers data to the control 
register or to the calibration registers. This AO signal must re- 
main valid for the duration of the serial write operation. As be- 
fore, the serial clock line should be low between read and write 
operations. The serial data to be loaded to the AD77l0 must be.. 
valid on the high level of the externally applied SCLK signal. 
Data is clocked into the AD7710 on the high level of 
<3hK 


signal with the MSB transferred fIrst. On the last 
tive ns~ 
edge of SCLK, the LSB is loaded to the ADn(O. 


Figure II b shows a timing diagram for a write operation to the 
AD77l0 with TFS returning high during the write operation 
and returning low again to write the rest of the data word. Tim- 
ing parameters and functions are very similar to that outlined 
for Figure lla but Figure lib has a number of additional times 
to show timing relationships when TFS returns high in the mid- 
dle of transferring a word. 


Data to be loaded to the AD77l0 must be valid prior to the ris- 
ing edge of the SCLK signal. TFS should return high during 
the low time of SCLK. After TFS returns low again, the next 
• 
bit of the data word to be loaded to the AD7710 is clocked in 
on next high level of the SCLK input. On the last active rising 
edge of the SCLK input, the LSB is loaded to the AD7710. 


SIMPLIFYING THE INTERFACE 
In some applications, the user may not require the facility of 
,,:,ri~g 
to the on-chf.f calibration reg~ster~. In this case, the se- 
nal mterface to th 
AD7710 can be srmplifted by connecting the 
TFS line to ~AO 
input of the AD7710. This means that any 


w 'te to,the 
evice will load data to the control register (since 
I 
while TJ;S is low) and any read to the device will ac- 
cess data from the output data register or from the calibration 
registerlY(sin 
,AOisJUgh while RFS is low). It should be noted 
tAa . 
this 
gement the user does not have the capability of 
r' 
the control register. 


Figure l1b. External Clocking Mode, Control/Calibration Register Write Operation 
(TFSReturns High During Write Operation) 
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I-. 
ANALOG 
WDEVICES 


I 
FEATURES 
Charge Balancing ADC 
21 Bits No Missing Codes 
±0.OO15% 
Nonlinearity 
Two-Channel Programmable Gain Front End 
Gains from 1 to 128 
One Differential Input 
One Single-Ended Input 
Low-Pass Filter with Programmable Filter Cutoffs 
Ability to Read/Write Calibration Coefficients 
RTD Excitation Current Sources 
Bidirectional Microcontroller Serial Interface 
Internall External Reference Option 
Single or Dual Supply Operation 
Low Power (25 mW typ) with Power Down Mode 
(50 IJ.Wtyp) 


APPUCATIONS 
RTD Transducers 
Process Control 
Smart Transmitters 
Portable Industrial Instruments 


GENERAL DESCRIPTION 
The AD7711 is a complete analog front end fo 10 
measurement 
applications. 
The device accepts 1 
level signals 
directly from a transducer and outputs a serial digital word. It 
employs a sigma-delta conversion technique to realize up to 
21 bits of no missing codes performance. 
The input signal is 
applied to a proprietary 
programmable 
gain front end based 
around an analog modulator. 
The modulator output is processed 
by an on-ehip digital filter. The first notch of this digital fJlter 
can be programmed 
via the on-ehip control register allowing 
adjustment of the fJlter cutoff and settling time. 


The part features one differential analog input and one single 
ended analog input as well as a differential reference input. Nor- 
mally, one of the channels will be used as the main channel with 
the second channel used as an auxiliary input to periodically 
measure a second voltage. It can be operated from a single sup- 
ply (by tying the Vss pin to AGND) provided that the input 
signals on the analog inputs are more positive than -30 mY. By 
taking the Vss pin negative, the part can convert signals down 
to - VREF on its inputs. The part provides two current sources 
that can be used to provide excitation in three-wire and four- 
wire RTD configurations. 
The AD7711 thus performs all signal 
conditioning and conversion for a single or dual channel system. 


LC2MOS Signal Conditioning ADC 
with RTD Excitation Currents 


AD7711* 
I 
• 
AlN1(+) 


AI.'(-) 


AIN2 


ideal for use in smart, microcontroller 
based 
syste:ms. GlIin 
. gs, signal polarity, input channel selection 
d R 
current control can be configured in software using 
the 
. . ectional serial port. The AD7711 contains self- 
ciilibration, system calibration and background calibration op- 
tions and also allows the user to read and to write the on-chip 
calibration registers. 


CMOS construction ensures low power dissipation and a soft- 
ware programmable 
power down mode reduces the standby 
power consumption to only 50 •.•.W typical. The part is available 
in a 24-pin, 0.3 inch wide, plastic and hermetic dual-in-line 
package (DIP) as well as a 24-lead small outline (SOIC) 
package. 


PRODUCT HIGHLIGHTS 
J. The programmable 
gain front end allows the AD7711 to ac- 
cept input signals directly from a strain gage or transducer, 
removing a considerable amount of signal conditioning. 
On- 
chip current sources provide excitation for three-wire and 
four-wire RTD configurations. 


2. No Missing Codes ensures true, usable, 2l-bit dynamic range 
coupled with excellent ±0.OOI5% 
accuracy. The effects of 
temperature 
drift are eliminated by on-chip self-calibration, 
which removes zero scale and full-scale errors. 


3. The AD7711 is ideal for microcontroller 
or DSP processor 
applications with an on-chip control register which allows 
control over fJlter cutoff, input gain, channel selection, signal 
polarity, RTD current control and calibration modes. 


4. The AD7711 allows the user to read and to write the on-ehip 
calibration registers. This means that the microcontroller 
has 
much greater control over the calibration procedure. 
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STATIC 
PERFORMANCE 
No Missing Codes 
21 
Output 
Noise 
See Tables I & II 
Integral Nonlinearity 
±0.0015 
Positive Full-Scale Error- 
3 
See Note 4 
Full-Scale Drift' 
I 
Unipolar Offset Error 
See Note 4 
Unipolar Offset Drift' 
I 
Bipolar Zero Error 
See Note 4 
Bipolar Zero Drift' 
I 
Bipolar Negative Full-Scale Error 
±0.0015 
Bipolar Negative Full-Scale Drift' 
I 


ANALOG 
INPUTSIREFERENCE 
INPUTS 
50 Hz Rejection" 
100 
60 Hz Rejection" 
100 
DC Input Leakage Current" @ + 25'C 
10 


T~toTMAX 
I 
Sampling Capacitance" 
20 
Source Impedance 
10 


AINIIREFIN 
Common-Mode 
Rejection (CMR) 
Common-Mode 
Voltage Range7 
Analog Inputs 
Input Voltage Rangel 


Input Sampling Rate, fs 
Reference Inputs 
REF IN(+) 
- 
REF IN(-) 
Voltage 
Input Sampling Rate, fs 


REFERENCE 
OUTPUT 
Output 
Voltage 
Initial Tolerance 
Drift 
Line Regulation 
(AV00) 
Load Regulation 
External Current 


VBIASINPUT 
Input Voltage Range 


LOGIC INPUTS 
Input Current 
All Inputs Except MCLK 
IN 
VINL' Input Low Voltage 
VINH' Input High Voltage 
MCLK IN Only 
VINL' Input Low Voltage 
VINH, Input High Voltage 


Guaranteed 
by Design 
Depends on Filter Cutoffs and Selected Gain 
Filter Notches 
,; 60 Hz 
Excluding Reference 
Excluding Reference 


IJovrc max 


0/0 ofFSR 
max 
IJovrc max 
Excluding Reference; Typically 
±0.0004% 
Excluding Reference 


dB tnin 
dB tnin 
pAmax 
nAmax 
pFmax 
kOmax 


For Filter Notches of 10 Hz, 25 Hz, 50 Hz, ±0.02 
X fNOTCH 
For Filter Notches of 10 Hz, 30 Hz, 60 Hz, ±0.02 
x fNOTCH 


Output 
Impedance 
of Whatever 
og Input 


100 
Vss to AVoo 


2.5 
V n 
±I 
% 
25 
ppmf'C typ 
I 
mVNmax 
I 
mV/mAmax 
I 
mAmax 


AVoo 
- 0.85 
X VREP 
V max 
Vss + 0.85 
X VIUlF 
V tnin 
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LOGIC OUTPUTS 
VOL' Output 
Low Voltage 
0.4 
VOH' Output 
High Voltage 
4.0 
Floating State Leakage Current 
± 10 
Floating State Output 
Capacitance'· 
9 


RTD EXCITATION 
CURRENTS 
(RTD1, 
RTD2) 
Output 
Current 
200 
Initial Tolerance 
±20 
Drift 
35 
Line Regulation 
(AVDD) 
200 
Load Regulation 
200 


TRANSDUCER 
BURN-QUT 
Current 
100 
Initial Tolerance 
± 10 
Drift 
100 


SYSTEM CALIBRATION 
Positive Full-Scale Calibration 
Limit" 
Negative Full-Scale Calibration 
Limit" 
Offset Calibration 
Limit12 


Input Span 12 


Vmax 
Vmin 
ILAmax 
pF typ 


ISINK = 1.6 mA 
IsoURCE = 100 ILA 


ILAnom 
%max 
ppmf'C typ 
nAlVmax 
nAlVmax 
• 
nAnom 
%typ 
ppmf'C 
typ 


POWER 
REQUIREMENTS 
Power Supply VoltageS 
AVDD 
- 
Vss Voltage 
DVDD Voltage 
Power Supply Currents 
AVDD Current 
DVDD Current 
Vss Current 
Power Supply Rejection 13 
Positive Supply (AVDD)" 
Negative Supply (Vss) 


Power Dissipation 
Normal Mode 
Normal Mode 
Standby (power-Down) 
Mode 


(1.05 x VREF)lGAIN 
-(1.05 
x VREF)lGAIN 
-(1.05 
x VREF)lGAIN 
0.8 x VRE,JGAIN 
(2.1 x VREF)lGAIN 


Selected PGA Gain (Berween I and 128) 
Selected PGA Gain (Berween I and 128) 
Selected PGA Gain (Berween I and 128) 


e Selected PGA Gain (Berween I and 128) 


Is the Selected PGA Gain (Berween I and 128) 


AVDD = DVDD = +5 V, Vss = 0 V; Typically 25 mW 
AVDD = DVDD = +5 V, Vss = -5 
V; Typically 30 mW 
AVDD = DVDD = +5 V, Vss = OVor -5 
V; Typically50ILW 


NOTES 
ITcmperature 
ranges are as follows: A Version, 
-4<rC 
to +850(;; 
S Version -SSOC to + 12SOC. 
zApplies after calibration at the temperature of interest. 
3Positive full·scale error applies to both unipolar and bipolar input ranges. 
"These errors will be of the order of the output noise of the part, as shown in Table 1. 
sRecalibration 
at any temperature 
or use of the background 
calibration mode will remove these drift errors. These numbers are guaranteed by design and/or 
characterization. 
6These numbers are guaranteed by design and/or characterization. 
7This common-mode 
voltage range is allowed provided that the absolute value of the input voltage does not aceed 
AVDO +30 mV and Vss - 30 mV. 


'The analog inputs present a very high impedance 
dynamic load which varies with clock frequency 
and input sample rate. The maximum 
recommended 
source resistance 
is 10kn. 


"VlU!F = REF IN(+) - REF IN(-). 
IOSample tested at +2SOC to ensure compliance. 
IIMter calibration, if the analog input exceeds positive full scale then the convener 
will output all Is. If the analog input is less than negative full scale, then the device will 
output all Os. 


12These calibration and span limits apply provided that the absolute voltage on the analog inputs does not exceed VDD or does not go more negative than V 55 - 
30 mV. 


The offset calibration limit applies to both the unipolar zero point and the bipolar zero point. 


"Measured 
at dc and applies 
in the selected 
passband. 
PSRR 
at 50 Hz will exceed 
120 dB with tilter notches 
of 10 Hz, 25 Hz or 50 Hz. PSRR 
at 60 Hz will exceed 
120 dB 
with tilter notches 
of 10 Hz, 30 Hz or 60 Hz. 


1'This 
number 
can be improved 
(to 95 dB typ) by deriving 
the VIlAS voltage (via Zener diode or reference) 
from the AVDD supply. 
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Digital Input Voltage to DGND 
-0.3 
V to DVoo+0.3 
V 
Digital Output Voltage to DGND 
-0.3 
V to DVoo+O.3 
V 
Operating Temperature 
Range 
Commercial (A Version) 
-40°C to +85°C 
Extended (S Version) 
-55°C to + 125°C 
Storage Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 10 sees) 
+ 300°C 
Power Dissipation (Any Package) to +75°C 
450 mW 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(T A = +25"C unless otherwise noted) 
AVoo to Vss 
-0.3 
V to +12 V 
AV00 to AGND 
-0.3 
V to + 12 V 
AVoo to DGND 
-0.3 
V to +12 V 
DVoo to AGND 
-0.3 
V to +6 V 
DVoo to DGND 
-0.3 
V to +6 V 
Vss to AGND 
+0.3 V to -6 V 
Vss to DGND 
+0.3 V to -6 V 
AGNDtoDGND 
-O.3VtoAVoo+O.3V 
Analog Input Voltage to AGND 
.. 
Vss-O.3 
V to AVoo+O.3 
V 
Reference Input Voltage to AGND 
. . . . . . . . . . . . . . . . . . . . . . Vss-0.3 
V to AVoo+O.3 
V 
REF OUT toAGND 
-0.3 
V to AVoo 
CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


·Stresses 
above those listed under 
UAbsolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability . 


TIMING CHARACTERISTICS1, 2 (DVDD:+5V±10~;AVDD- 
5 
DGND - 
0 V;'eLKIN 
- 
1 
Il~ III lit 


t'~, 


t} 
Self-Qocking Mode 


t2 
t3 
t. 
t, 
~ 
to"t: 


400 
12 
400 
10 
0.2 X £eLKIN 
0.8 X £eLK IN 
0.2 X £eLKIN 
0.8 X £eLKIN 
50 
50 
1000 


4 X £eLK IN 
4 X £eLK IN 
2 X £eLK IN 
50 
4 X £eLKIN 
3 X £eLK IN 
£eLKIN/2 
£eLKIN/2 + 20 
£eLK1N/2 
3 x £eLK IN/2 
10 
£eLKIN/2 
20 
20 
2 X £eLKIN 
50 
4 X £eLKIN 
4 X £eLKIN 
20 
20 


ns min 
ns min 
ns min 
ns min 
ns max 
ns max 
ns min 
ns max 
ns nom 
ns nom 
ns min 
ns max 
nsmax 
nsmax 
nsmin 
nsmin 
nsmax 
ns min 
ns min 
ns min 


Master Clock Frequency: Internal Gate Oscillator 
'!).Pi 
10 MHz; 10 MHz for Specified Performance 
aster 
k Frequency: Externally Supplied 


Digital Output Rise Time; Typically 20 ns 
Digital Output Fall Time; Typically 20 ns 
SYNC Pulse Width 


DRDY to RFS Setup Time. £eLK IN = l/fCLK IN 
DRDY to RFS Hold Time 
AOto RFS Setup Time 
AOto RFS Hold Time 
RFS Low to SCLK Falling Edge 
Data Access Time (RFS Low to Data Valid) 
SCLK Falling Edge to Data Valid Delay 


SCLK High Pulse Width 
SCLK Low Pulse Width 
RFSITFS to SCLK Falling Edge Hold Time 


RFSITFS to SCLK Delay 
RFS to Data Valid Hold Time 
AO to TFS Setup Time 
AOto TFS Hold Time 
TFS to SCLK Falling Edge Delay Time 
TFS to SCLK Falling Edge Hold Time 
Data Valid to SCLK Setup Time 
Data Valid to SCLK Hold Time 
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LlJD1tat TMIN, TMAX 
Parameter 
CA,S VersioDs) 
Units 
CODditioDs/CommeDts 


External-Cocking 
Mode 
fSCLK 
fCLKIN/5 
MHzmax 
Serial Clock Input FrequeDCY 
t20 
4 x teLK IN 
DSmin 
DRDY to RFS Setup Time 
t21 
4 x teLK IN 
ns min 
DRDY to RFS Hold Time 
t22 
2 x teLK IN 
ns min 
AOto RFS Setup Time 
t23 
50 
ns min 
AOto RFS Hold Time 


t24-6 
3 x teLK IN 
ns max 
Data Access Time (RFS Low to Data Valid) • 


t2'- 
teLK IN/2 
ns min 
SCLK Falling Edge to Data Valid Delay 
teLK IN/2 + 20 
ns max 
t26 
2 x teLK IN 
ns min 
SCLK High Pulse Width 
t27 
2 x teLK IN 
ns min 
SCLK Low Pulse Width 
t28 
10 
ns max 
SCLK Falling Edge to DRDY High 
t2/ 
10 
ns min 
DRDY to Data Valid Hold Time 
20 
ns max 
t30 
10 
ns min 
RFSIT:f' 
to SCLK Falling Edge Hold Time 
teLKIN 
t31 


7 
20 
t32 
2 X teLK IN 
t33 
50 
t~ 
10 
t35 
20 
t36 
20 


NOTES 
'Sample tested at +25·C to ensure compliance 
to 90% of 5 V) and timed from a voltage level of 1.6 V. 


'See Figures 8 to 11. 
'CLK IN Duty Cycle range is 20% to 80%. C K IN must 
tinT 
ANDBY mode. If no clock is present in this case, the 


device can dnw higher current than specifi~and 
possil!lY 
e 
brated. 


'The AD7711 is production tested with !;;;LK IN at 10 M 
. I' 
iliranteed 


'Specified using 10% and 90% points on waveform of int 
t. 


'These numbers are measured with the load circuit of Figure 1 and defined 
'These numbers are derived from the measured time taken by the data OUIpU 
0 change 0.5 V when loaded with the circuit of Figure I. The measured number 
is then extrapolated back to remove effects of charging or discharging the 100 pF capacitor. This means that the times quoted in the timing characteristics are 
the true bus relinquish times of the part and, as such, are independent of external bus loading capacitances. 


PIN CONFIGURATION 
DIP and SOIC 


DVoo 


SDATA 


DRDY 


RFS 


REF OUT 


REF IN(+) 


REF IN(-) 
Figure 1. Load Circuit for Access Time and Bus Relinquish 
Time 
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Pin 
Mnemonic 


1 
SCLK 


3 
MCLKOUT 


4 
AO 


5 
SYNC 


6 
MODE 


7 
AINl(+) 


8 
AINl(-) 


9 
RTDl 


10 
RTD2 


11 
Vss 


12 
AVoo 
13 
VS1AS 


17 
AIN2 
18 
AGND 


Function 


Serial Clock. Logic Input/Output 
depending on the status of the MODE pin. When MODE is high, the 
device is in its self-clocking mode and the SCLK pin provides a serial clock output. This SCLK becomes 
active when RFS or TFS goes low and it goes high impedance when either RFS or TFS returns high or when 
the device has completed transmission of an output word. When MODE is low, the device is in its external 
clocking mode and the SCLK pin acts as an input. This input serial clock can be a continuous clock with all 
data transmitted 
in a continuous train of pulses. Alternatively, it can be a noncontinuous 
clock with the 
information being transmitted 
to the AD7711 in smaller batches of data. 
Master Clock signal for the device. This can be provided in the form of a crystal or external clock. A crystal 
can be tied across the MCLK IN and MCLK OUT pins. Alternatively, 
the MCLK IN pin can be driven with 
a CMOS-compatible 
clock and MCLK OUT left unconnected. 
The clock input frequency is nominally 


10 MHz. 
When the master clock for the device is a crystal, the crystal is connected between MCLK IN and MCLK 
OUT. 
Address Input. With this input low, reading and writing to the device is to the control register. With this 
input high, access is to either the data register or the calibration registers. 
Logic Input which allows for synchronization 
of the digital fIlters whea u ing a number of AD771ls. 
It resets 
the nodes of the digital fIlter. 
Logic Input. When this pin is high, the device is in it~ seil-clocking 
ode; with this pin low, the device is in 
its external clocking mode. 
Analog Input Channell. 
Positive input of th~pr~ble 
gain differential analog input. The AINl( +) 


input is connected to an output current sour~ 
which can be used t 
check~that an external transducer 
has 
burnt out or gone open circuit. This output cUrrent so\ftce can 
tumed on/off via the control register. 


Analog Input ChanneLl. 
Negative ~t 
of the programmable 
gam differential analog input. 
Constant Current Otjtpu't. A nominal 200 1l:1\ constant current is provided at this pin, and this can be used as 
the excitation c 
erft 
RTDs. This currel1,t can be turned on or off via the control register 
Constant Current Output~ A nominlll 200 jJ.Aconstant current is provided at this pin, and this can be used as 
the excitation current for R1'Ds. T)iis current can be turned on or off via the control register. This second 
current can be used to eliminate lead resistance errors in three-wire RTD configurations. 
Analog Negative Supply, 0 V to -5 V. Tied to AGND for single supply operation. The input voltage on 
AINI or AIN2 should not go> 
30 mV negative w.r.t. Vss for correct operation of the device. 


Analog Positive Supply Voltage, +5 V to + 10 V. 
Input Bias Voltage. This input voltage should be set such that VS1AS + 0.85 x VREF<AVoo 
and VS1AS 
- 
0.85 x VREF>VSS where VREF is REF IN(+)- 
REF IN(-). 
Ideally, this should be tied halfway between 
AVoo and Vss' Thus, with AVoo = +5 V and Vss = 0 V, it can be tied to REF OUT; with AVoo = +5 V 
and Vss = -5 V, it can be tied to AGND, while with AVoo = + 10 V, it can be tied to +5 V or to REF 
OUT. 
Reference Input. The REF IN(-) 
can lie anywhere between AVoo and Vss provided REF IN(+) 
is greater 
than REF IN(-). 


Reference Input. The reference input is differential providing that REF IN( +) must be greater than 
REF IN(-). 
REF IN(+) 
can lie anywhere between AVoo and Vss. 
Reference Output. 
The internal + 2.5 V reference is provided at this pin. This is a single ended output which 
is referred to AGND. It is a butTered output is capable of providing 1 mA to an external load. 
Analog Input Channel 2. Single ended programmable 
gain analog input. 
Ground reference point for analog circuitry. 
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Pin 
Mnemonic 


19 
TFS 


Function 


Transmit Frame Synchronization. 
Active low logic input used to write serial data to the device with serial data 


expected after the falling edge of this pulse. In the self-clocking mode, the serial clock becomes active after 
TFS goes low. During a write operation to the AD77l1, 
the SDATA line should not rerum to high impedance 
until after TFS rerums high. 


Receive Frame Synchronization. 
Active low logic input used to access serial data from the device. In the 


self-clocking mode, the SCLK and SDATA lines both become active after RFS goes low. In the external 
clocking mode, the SDATA line becomes active after RFS goes low. 


Logic output. A falling edge indicates that a new output word is available for transmission. 
The DRDY pin 
• 
will rerum high upon completion of transmission of a full output word. DRDY is also used to indicate when 
the AD7711 has completed its on-chip calibration sequence. 
Serial Data. Input /Output with serial data being written to either the control register or the calibration 
registers and serial data being accessed from the control register, calibration registers or the data register. 
During a read operation, serial data becomes active after RFS goes low. During a write operation, valid serial 
data is expected on the rising edges of SCLK when TFS is low. 
Digital Supply Voltage, +5 V. DVDD should never exceed AVD'J)by more than 0.3 V. If DVDD powers up 
before AVDD' or if DV DD can exceed AVDD by more than 0.3 V at any other time, a Schottky diode should 
be placed berween the rwo pins. 
Ground reference point for digital circuitry. 


TERMINOLOGY 
INTEGRAL 
NONLINEARITY 
This is the maximum deviation of any code from a straighUine 
passing through the endpoints of the transfer 
etlon. The end- 
points of the transfer function are 
sCale-(1,tOto De c nt)lsl:d 
with bipolar zero), a point 0.5 LSB below 
e first 
e transi- 


tion (000 ... 
000 to 000 ... 
001) and full scale, a point 0.5LSB 
above the last code transition (Ill 
... 
110 t6 111. 
.1tl). 
The error is expressed as a percentage of full scale'\ 


POSITIVE 
FULL-SCALE 
ERROR 
Positive full-scale error is the deviation of the last code transi- 
tion (111 ... 
110 to 111 ... 
111) from the ideal input full-scale 


voltage. For AINl( +), the ideal full-scale input voltage is 
(AINl(-) 
+ VREP'GAIN -3/2 
LSBs); for AIN2, the ideal full- 
scale input voltage is VREP'GAIN - 3/2 LSBs. It applies to both 
unipolar and bipolar analog input ranges. 


UNIPOLAR 
OFFSET 
ERROR 
Unipolar offset error is the deviation of the fIrst code transition 
from the ideal input voltage. For AINl( +), the ideal input 
voltage is (AINl( -) 
+ 0.5 LSB); for AIN2, the ideal input is 
0.5 LSB when operating in the unipolar mode. 


BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (0III 
... 
III to 
1000 ... 
000) from the ideal input voltage. For AINl( +), the 
ideal input voltllge is (AINl( -) 
-0.5 
LSB); for AIN2, the ideal 
input is -0.5 
LSB when operating in the bipolar mode. 


BIPOLAR NEGATIVE 
FULL-SCALE 
ERROR 
This is the deviation of the fIrst code transition from the ideal 
input voltage. For AINl( +), the ideal input voltage is (AINl( -) 
-VREF/GAIN 
+ 0.5 LSB); for AIN2 the ideal input is -VREP' 
GAIN + 0.5 LSB when operating in the bipolar mode. 


POSITIVE 
FULL-SCALE 
OVERRANGE 
Positive full-scale overrange is the amount of overhead available 
to hand! 
input voltages on the AIN1( +) input greater than 
AINI 
-) 
+VREP'GAIN or on the AIN2 input greater than 


'REP'GAI 
(for example, noise peaks or excess voltages due 
16 syste1Jlgain errors in system calibration routines) without in- 
troducing errors due to overloading the analog modulator or to 
overflowing the digital fllter. 


NEGATIVE 
FULL-SCALE 
OVERRANGE 
This is the amount of overhead available to handle voltages on 
AINl(+) 
below AINl( -) 
-VREP'GAIN 
or on AIN2 below 
-VREP'GAIN 
without overloading the analog modulator or 
overflowing the digital fllter. Note that the analog input will 
accept negative voltage peaks on AINl( +) even in the unipolar 
mode provided that AIN 1(+) is greater than AIN 1(-) and 
greater than Vss-30 
mY. 


OFFSET 
CALmRATION 
RANGE 
In the system calibration modes, the AD7711 calibrates its offset 
with respect to the analog input. The offset calibration range 
specification defInes the range of voltages that the AD77l1 can 
accept and still calibrate offset accurately. 


FULL-SCALE 
CALmRATION 
RANGE 
This is the range of voltages that the AD7711 can accept in the 
system calibration mode and still calibrate full scale correctly. 


INPUT 
SPAN 
In system calibration schemes, rwo voltages applied in sequence 
to the AD77l1 's analog input defme the analog input range. 
The input span specification defmes the minimum and maxi- 
mum input voltages from zero to full scale that the AD77l1 can 
accept and still calibrate gain accurately. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
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no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


Operating Mode 
MD2 
MDl 
MDO 
000 


Operating Mode 


Normal Mode. This is the normal mode of operation of the device whereby a read to the device with AO 
high accesses data from the data register. This is the default condition of these bits after the internal 
power-on reset. 
Activate Self-Calibration. This activates self-ealibration on the channel selected by CR. This is a one- 
step calibration sequence, and when complete, the part returns to Normal Mode. The DRDY output 
indicates when this self-calibration is complete. For this calibration type, the zero scale calibration is 
done internally on AGND and the full-scale calibration is done internally on VREP' 
Activate System Calibration. This activates system calibration on the cliannel selected by CR. This is a 
two-step calibration sequence, with the zero scale calibra.tion 
on the selected input channel 
and DRDY indicating when this zero scale calibration i 
me' 
• Th~art 
returns to Normal Mode at 
the end of this first step in the two-step sequence 
Activate System Calibration. This is the secol\d. 
the system calibration sequence with full-scale 
calibration being performed on the seletted inwt 
~el. 
On 
. , DRDY indicates when the full- 
scale calibration is complete. Whe 
~ 
'b~uon 
is c 
plete 
returns to Normal Mode. 
Activate System Offset GaJtDrauon. This activates 
yste 
offset calibration on the channel selected by 


CR. This is a one 
t,tp ~lifati~uence, 
3iId w 
n c mplete, the part returns to Normal Mode with 
DRDY indieatin 
thl$>system offs 
'brauon>is complete. For this calibration type, the zero 
scale calibration 
IS d 
e on the "Se!Fted input channel.Jllld the full-scale calibration is done internally on 
VREP' 
Activate Background 
ano. 
his activa es 
If the background calibrauon mode is on, th 
the 
D7711 provides continuous self-calibration of the 
reference and AGND. This calibration 
place as part of the conversion sequence, extending the 
conversion time and reducing the word rate by a factor of six. Its major advantage is that the user does 
not have to worry about recalibrating the device when there is a change in the ambient temperature. 
In 
this mode, AGND and VREP' as well as the analog input voltage, are continuously monitored and the 
calibration registers of the device are automatically updated, 
if necessary. 


ReadlWrite Zero Scale Calibration Coefficients. A read to the device with AO high accesses the contents 
of the zero scale calibration coefficients of the channel selected by CR. A write to the device with AO 
high writes data to the zero scale calibration coefficients of the channel selected by CR. The word length 
for reading and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control 
register. 
ReadlWrite Full-Scale Calibration Coefficients. A read to the device with AO high accesses the contents 
of the full-scale calibration coefficients of the channel selected by CR. A write to the device with AO 
high writes data to the full-scale calibration coefficients of the channel selected by CR. The word length 
for reading and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control 
register. 


This information applies to a product under development. 
Its characteristics 
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are subject to change without notice. 
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PGAGain 


G2 
Gl 
GO 
Gain 


0 
0 
0 
1 
(Default Condition After the 
0 
0 
1 
2 
Internal Power-On Reset) 
0 
1 
0 
4 
0 
1 
1 
8 
1 
0 
0 
16 
1 
0 
1 
32 
1 
1 
0 
64 
1 
1 
1 
128 


Power-Down 
PD 
o 
Normal Operation 
1 
Power-Down 
(Default Condition After the 
Internal Power-On Reset) 


FILTER 
SECTION 
(FSn-FSO) 
The on-ehip digital fIlter provides a Sinc' (or (Sinxlx)' fIlter re- 
sponse. The 12 bits of data programmed 
into these bits deter- 
mine the fIlter cutoff frequency, the position of the ftrst notch 
of the fIlter and the data rate for the pan. In association with 
the gain selection, it also determines the output noise (and hence 
the effective resolution) of the device. 


The fltSt notch of the fIlter occurs at a frequency determined 
by 
the relationship: fIlter ftrst notch frequency = (fcLK IN/SI2)/ 
code where code is the decimal equivalent of the code in bits FSO 
to FSll 
and is in the range 19 to 2,000. With the nominal fCLK 
IN of 10 MHz, this results in a ftrst notch frequency range from 
9.76 Hz to 1.028 kHz. To ensure correct operation of the 
AD7711, the value of the code loaded to these bits must be 
within this range. Failure to do this will result in unspecifted 
operation of the device. 


ch frequency, as well as the selected gain, 
les I and II and Figure 2 show the effect 
c 
equency and gain on the effective resolution 
1.The output data rate (or effective conversion 
fo 
the devi 
.s equal to the frequency selected for the 
t notch of 
fIl~ 
For example, if the fltSt notch of the 
ftlter is 
leet 
$Hz, 
then a new word is available at a 
5 
ery 20 ms. If the fltSt notch is at I kHz, a new 
ble every I ms. 


e>settlini' 
e of the fIlter to a full-scale step input change is 
worsV<l! 
data rate. For example, with the fltSt fIlter 
JIOtc at 50 
, the settling time of the fIlter to a full-scale step 
pu 
change is 80 ms max. If the ftrst notch is at I kHz, the 
ttliiig time of the fIlter to a full-scale input step is 4 ms max. 


The - 3 dB frequency is determined 
by the programmed 
fltSt 
notch frequency according to the relationship: fIlter - 3 dB 
frequency = 0.262 x fltSt notch frequency. 


• 


Channel Selection 


CH 
Channel 
o 
AINI 
I 
AIN2 
(Default Condition After the 
Internal Power-On Reset) 


Word Length 


WL 
Output Word Length 
o 
16-Bit 
I 
24-Bit 


RTD Excitation 
Currents 
RO 
o 
I 
(Default Condition After 
Internal Power-On Reset) 


Burn-out Current 
BO 
o 
I 
(Default Condition After 
Internal Power-On Reset) 


BipolarlUnipolar 
Selection 
(Both Inputs) 


BIU 
o 
I 
Bipolar 
Unipolar 
(Default Condition After 
Internal Power-On Reset) 


This information applies to a product under development. 
Its characteristics 
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are subject to change without notice. 
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Table I shows the output ems noise for some typical notch and 
- 3 dB frequencies. The numbers given are for the bipolar input 
ranges with a VREF of +2.5 V. The numbers in Table I are 
guaranteed by a combination of testing, characterization 
and 
design. The output noise from the part comes from two sources: 
the quantization 
noise from the analog-to-digital conversion pro- 
cess and device noise. Device noise is independent 
of gain and is 


essentially flat across the frequency spectrum. 
Quantization 
noise is ratiometric to the input full-scale (and hence gain) and 
its frequency response is shaped by the modulator. 


Looking at the table below, as the cutoff frequency increases, 
the output noise increases because more of the quantization 
noise of the part comes through to the output and, hence, the 
output noise increases with increasing - 3 dB frequencies. For 
the lower notch settings, the output noise is dominated by the 


device noise and, hence, altering the gain has little effect on the 
output noise. At higher notch frequencies, the quantization 
noise dominates the output noise and, in this case, the output 
noise tends to decrease with increasing gain. 


Since the output noise comes from two sources, the effective 
resolution of the device (i.e., the ratio of the output rms noise to 
the input full scale) does not remain constant with increasing 
gain or with increasing bandwidth. 
Table II shows the same ta- 
ble as Table I except that the output is now expressed in terms 
of effective resolution (the magnitude of the ems noise with re- 
spect to 2 x VREplGAIN, i.e., the input full scale). It is possi- 
ble to do post fIltering on the device to improve the output data 
rate for a given - 3 dB frequency and also to further reduce the 
output noise (see Digital Filtering section). 


Table I. Output Noise vs. Gain and First Notch Frequency 


First Notch of 
Filter and OIP 
-3 dB 
Gain of 
Gain of 
Gain of 
Gain of 
Data Rate! 
Frequency 
1 
32 
64 
128 


10Hz' 
2.62 Hz 
1.7 
0.42 
0.42 
0.42 
25Hz' 
6.55 Hz 
3.4 
0.60 
0.60 
0.60 
30Hz' 
7.86 Hz 
3.4 
0.60 
0.60 
0.60 
50Hz> 
13.1 Hz 
9.5 
0.84 
0.84 
0.84 
60 Hz2 
15.72 Hz 
13.5 
1.2 
0.84 
0.84 
100 Hz3 
26.2 Hz 
54 
1.7 
1.7 
I.2 
250 Hz3 
65.5 Hz 
432 
13.5 
6.7 
4.8 
500 Hz3 
13l Hz 
2.4 X 103 
76 
38 
19 
I kHz' 
262 Hz 
13.8 x 103 
432 
216 
108 


NOTES 
'The default condition (after the internal power-on reset) for the first notcb of fll 
is 60 Hz. 


2Por these mtcr notch frequencies, the output rms noise is primarily independent of the value of the reference voltage. Therefore, increasing the reference volt- 
age will give an increase in the effective resolution of the device (i.e., the ratio of the rms noise to the input full scale is increased since the output rms noise 
remains constant as the input full-scale increases). 
3For these mter notch frequencies, the output rms noise is proponional 
to the value of the reference voltage. 


First Notch of 
Effective Resolution! 
(Bits) 
Filter and OIP 
-3 dB 
Gain of 
Gain of 
Gain of 
Gain of 
Gain of 
Gain of 
Gain of 
Gain of 
Data Rate 
Frequency 
1 
2 
4 
8 
16 
32 
64 
128 


10 Hz 
2.62 Hz 
21.5 
21.5 
21 
20.5 
19.5 
18.5 
17.5 
16.5 
25 Hz 
6.55 Hz 
20.5 
20.5 
20 
20 
19 
18 
17 
16 
30 Hz 
7.86 Hz 
20.5 
20 
20 
19.5 
18.5 
18 
17 
16 
50 Hz 
13.1 Hz 
19 
19 
19 
18.5 
18 
17.5 
16.5 
15.5 
60 Hz 
15.72 Hz 
18.5 
18.5 
18.5 
18.5 
18 
17 
16.5 
15.5 
100 Hz 
26.2 Hz 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
15.5 
15 
250 Hz 
65.5 Hz 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13 
500 Hz 
13l Hz 
II 
II 
II 
II 
II 
II 
II 
II 
I kHz 
262 Hz 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 


NOTE 
'Effective resolution is defined as the magnitude of the output rms noise to tbe input full scale (i.e., 2 x VIlE"IGAIN). Tbe above table applies for a VIlEFof 
+2.5 V and resolution numbers are rounded to the nearest 0.5 LSB. 
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Figure 2 gives similar information to that outlined in Table I. In 
this plot, the output rms noise is shown for the full range of 
available cutoff frequencies rather than for some typical cutoff 
frequencies as in Tables I and II. The numbers given in this 
plot are typical values. 


CIRCUIT 
DESCRIPTION 
The AD7711 is a sigma-delta AID convener with on-chip digital 
fI1tering, intended for the measurement 
of wide dynamic range, 
low frequency signals such as those in RTD applications, indus- 
trial control or process control applications. 
It contains a sigma- 
delta (or charge balancing) ADC, a calibration microcontroller 
with on-chip static RAM, a clock oscillator, a digital fI1ter and a 
bidirectional serial communications 
pon. 


The pan contains rwo analog input channels, a programmable 
gain differential analog input and a programmable 
gain single 
ended input. The gain range is from I to 128 allowing the pan 
to accept unipolar signals of berween 0 to + 20 mV and 0 V to 
+2.5 V or bipolar signals in the range from ±20 mV to ±2.5 V 
when the reference input voltage equals + 2.5 V. The input sig- 
nal to the selected analog input channel is continuously sampled 
at a rate detennined 
by the frequency of the master clock, eLK 
IN, and the selected gain (see Table III). A charge balancing 
AID convener (Sigma-Delta Modulator) convens the sampled 
• 
signal into a digital pulse train whose duty cycle contains the 
digital information. 
The programmable 
gain function on the an- 
alog input is also incorporated 
in this sigma-delta modulator 
with the input sampling frequency being modified to give the 
higher gains. A sinc' digital low pass fI1ter processes the output 
of the sigma-delta modulator and updates the output register at 
a rate detennined 
by the first notch frequency of this fI1ter. The 
output data c 
be r 
d from the serial port randomly or period- 


ically at any rate up to the output register update rate. The first 
notch of)hjs -digital fI1ter (and hence its - 3 dB frequency) can 
be 
ro 
ed via an on-chip control register. The programma- 
ble range for this first notch frequency is from 9.76 Hz to 1.028 
kHz, giving a 
grammable range for the - 3 dB frequency of 
2.58)fz to 269 Hz 


Th 
halitc-connection diagram for the pan is shown in Figure 3. 


'This shows 
e AD7711 in the external clocking mode with both 
the AVrjD an 
DV DD pins of the AD7711 being driven from 
the analog t 5 V supply. Some applications will have separate 
supplies for both AVDD and DV DD and, in some of these cases, 
the analog supply will exceed the +5 V digital supply (see 
Power Supplies and Grounding section). 


ANALOG 


GROUND 


DIGITAL 


GROUND 


DATA 


READY 


TRANSMIT 


(WRITE) 


RECEIVE 


(READ) 


SERIAL 


DATA 


SERIAL 


CLOCK 


ADDRESS 


INPUT 
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It consists of a differential amplifier (whose output is the differ- 
ence berween the analog input and the output of a I-bit DAC), 
an integrator and a comparator. 
The term "charge balancing," 


comes from the fact that this system is a negative feedback loop 
that tries to keep the net charge on the integrator capacitor at 
zero, by balancing charge injected by the input voltage with 
charge injected by the I-bit DAC. When the analog input is 
zero, the only contribution 
to the integrator output comes from 
the I-bit DAC. For the net charge on the integrator capacitor to 
be zero, the DAC output must spend half its time at +FS and 
half its time at - FS. Assuming ideal components, 
the duty 
cycle of the comparator will be 50%. 


When a positive analog input is applied, the output of the I-bit 
DAC must spend a larger proportion of the time at +FS, so the 
duty cycle of the comparator increases. When a negative input 
voltage is applied, the duty cycle decreases. 


The AD7711 uses a second-{)rder sigma-delta modulator and a 
digital ftlter that provides a rolling average of the sampled out- 
put. Mter power-up, or if there is a step change in the input 
voltage, there is a settling time that must elapse before valid 
data is obtained. 


This information applies to a pr~du,?! under d~velopment. 
Its characteristics 
and specifications 
are subject to change without notice. 
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register. The part can perform self-calibration using the on-chip 
calibration microcontroller 
and SRAM to store calibration 
parameters. 
Other system components may also be included in 
the calibration loop to remove offset and gain errors in the input 
channel using the system calibration mode. Another option is a 
background calibration mode where the part continuously per- 
forms self-calibration and updates the calibration coefficients. 
Once the part is in this mode, the user does not have to worry 
about issuing periodic calibration commands to the device or 
asking the device to recalibrate when there is a change in the 
ambient temperature 
or power supply voltage. 


The AD7711 gives the user access to the on-chip calibration reg- 
isters allowing the microprocessor to read the device's calibra- 
tion coefficients and also to write its own calibration coefficients 
to the part. This gives the microprocessor much greater control 
over the AD7711's calibration procedure. 
It also means that the 
user can verify that the device has performed its calibration cor- 
recdy by comparing the coefficients after calibration with pre- 
stored values in E2pROM. 


The AD7711 can be operated in single supply systems provided 
that the analog input voltage does not go more negative than 30 
mY. For larger bipolar signals, a Vss of -5 V is required by the 
part. For battery operation, the AD7711 also offers ~arc 
programmable 
standby mode that reduces idle..- VI!er-'Clln 
• 


tion to typically 50 •.•.W. 
' 


THEORY 
OF OPERATION 
The general block diagram of a sigma-delta AD 
Figure 4. It contains the following elements: 


I. A sample hold amplifier. 


2. A differential amplifier or subtractor. 


3. An analog low-pass ftlter. 


4 A I-bit AID converter (comparator). 


5. A I-bit DAC. 


6. A digital low-pass ftlter. 


In operation, 
the analog signal sample is fed to the subtractor, 


along with the output of the I-bit DAC. The ftltered difference 
signal is fed to the comparator, 
whose output samples the differ- 
ence signal at a frequency many times that of the analog signal 
sampling frequency (oversampling). 


SNR 
= (6.02 x number of bits + 1.76) dB, 


a I-bit ADC or comparator yields an SNR of 7.78 dB. 


The AD771 I samples the input signal at a frequency of 20 kHz 
or greater (see Table III). As a result, the quantization 
noise is 
spread over a much wider frequency than that of the band of 
interest. The noise in the band of interest is reduced still further 
by analog ftltering in the modulator loop, which shapes the 
quantization 
noise spectrum to move most of the noise energy to 
frequencies outside the bandwidth of interest. The noise perfor- 
mance is thus improved from this I-bit level to the performance 
oudined in Tables I and II and in Figure 2. 


The output of the comparator provides the digital input for the 
I-bit DAC, so that the system functions as a negative feedback 
loop that tries to minimize the difference signal. The digital data 
that represents the analog input voltage is contained in the duty 
cycle of the pulse tr~a 
aring at the output of the compara- 
tor. It can be re 
.'wed 
a parallel binary data word using a 
digital ftlte • 


§i.~-d 
a 
are generally described by the order of the 


lli1af0li 
ss ftlter. 
simple example of a first order sigma- 
d 
ta 
DC is sho 
in 
i 
e 5. This contains only a first order 
low pas 
fi er or • 
r. It also illustrates the derivation of 
th 
al 
've 
e for these devices: Charge-Balancing ADCs. 


Input Sample Rate 
The modulator sample frequency for the device remains at 
fCLK (N/512 (20 kHz @ fCLK IN = 10 MHz) regardless of the 
selected gain. However, gains greater than x I are achieved by a 
combination of multiple input samples per modulator cycle and 
a scaling of the ratio of reference capacitor to input capacitor. 
As a result of the multiple sampling, the input sample rate of 
the device varies with the selected gain (see Table III). The ef- 
fective input impedance is lIC . fs where C is the input sam- 
pling capacitance and fs is the input sample rate. 


Gain 
Input Sampling Frequency 
(fs) 


1 
fCLK IN/512 (20 kHz @ fCLK IN = 10 MHz) 
2 
2 x fCLK IN/512 (40 kHz @ fcLK (N = 10 MHz) 


4 
4 X fCLK IN/512 (80 kHz @ fCLK IN = 10 MHz) 


8 
4 x fCLK IN/512 (160 kHz @ fCLK IN = 10 MHz) 


16 
4 x fCLK IN/512 (160 kHz @ fCLK IN = 10 MHz) 


32 
4 x fCLK (N/512 (160 kHz @ fCLK IN = 10 MHz) 


64 
4 X fCLK (N/512 (160 kHz @ fCLK IN = 10 MHz) 
128 
4 x fCLK (N/512 (160 kHz @ fCLK IN = 10 MHz) 


DIGITAL 
FILTERING 
The AD7711's digital ftlter behaves like a s' 
with a few minor differences. 


First, since digital ftltering occurs 
process, it can remove noise inject 
cess. Analog ftltering cannot do this. 


On the other hand, analog ftltering can remove 
isc>superim- 
posed on the analog signal before it reaches the 
DC. Digital 
ftltering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator and 
digital ftlter, even though the average value of the signal is 
within limits. To alleviate this problem, the AD7711 has over- 
range headroom built into the sigma-delta modulator and digital 
ftlter which allows overrange excursions of 5% above the analog 
input range. If noise signals are larger than this, consideration 
should be given to analog input ftltering, or to reducing the in- 
put channel voltage so that its full scale is half that of the analog 
input channel full scale. This will provide an overrange capabil- 
ity greater than 100% at the expense of reducing the dynamic 
range by I bit (50%). 


Filter Characteristics 
The cutoff frequency of the digital ftlter is determined 
by the 


value loaded to bits FSO to FS 11 in the control register. At the 
maximum clock frequency of 10 MHz, the minimum cutoff fre- 
quency of the ftlter is 2.58 Hz while the maximum program- 
mable cutoff frequency is 269 Hz. 


Figure 6 shows the ftlter frequency response for a cutoff fre- 
quency of 2.62 Hz which corresponds to a fIrst ftlter notch fre- 
quency of 10 Hz. This is a (sinx/x)' response (also called sinc3) 
that provides> 
100 dB of 50 Hz and 60 Hz rejection. Program- 
ming a different cutoff frequency via FSD--FS11 does not alter 
the proftle of the ftlter response; it changes the frequency of the 
notches as outlined in the Control Register section. 
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AD 
1 
contains this on-chip, low pass ftltering, there 


. 
e associated with step function inputs, and data 
n 
tput will 
invalid after a step change until the set- 


g tIme ha 
e p 
e settling time depends upon the 
notch fttque 
cliOsen for the ftlter. The output data rate 
~ 
0 this ftlter notch frequency and the settling time o~ the 
a'full-scale step input is 4 times the output data penod. 


In app .cations using both input channels, the settling time of 
e ftltef>~ust 
be allowed to elapse before data from the second 
s:hann 
is accessed. 


iftering 
e on-chip modulator provides samples at a 20 kHz output 
rate. The on-chip digital ftlter decinIates these samples to pro- 
vide data at an output rate which corresponds to the pro- 
grammed fIrst notch frequency of the ftlter. Since the output 
data rate exceeds the Nyquist criterion, the output rate for a 
given bandwidth will satisfy most application requirements. 
However, there may be some applications which require a 
higher data rate for a given bandwidth and noise performance. 
Applications which need this higher data rate will require some 
post ftltering following the digital ftlter of the AD771!. 


For example, if the required bandwidth is 7.86 Hz but the 
required update rate is 100Hz, 
the data can be taken from the 
AD7711 at the 100 Hz rate giving a - 3 dB bandwidth of 
26.2 Hz. Post ftltering can be applied to this to reduce the 
bandwidth and output noise, to the 7.86 Hz bandwidth 
level, 


while maintaining an output rate of 100 Hz. 


Post ftltering can also be used to reduce the output noise from 
the device for bandwidths 
below 2.62 Hz. At a gain of 128, the 
output rms noise is 420 nV. This is essentially device noise or 
white noise, and since the input is chopped, the noise has a flat 
frequency response. By reducing the bandwidth below 2.62 Hz, 
the noise in the resultant passband can be reduced. A reduction 
in bandwidth by a factor of 2 results in a '1'2 reduction in the 
output rms noise. This additional fIltering will result in a longer 
settling time. 
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Antialias Considerations 
The digital filter does not provide any rejection at integer multi- 
ples of the modulator sample frequency (n x 20 kHz, where n 
= I, 2, 3 ... 
). This means that there are frequency bands, 


±f'dB 
wide (f, dBis cutoff frequency selected by FSO to FSll) 


where noise passes unattenuated 
to the output. However, due to 
the AD7711's high oversampling ratio, these bands occupy only 
a small fraction of the spectrum and most broadband noise is 
ftltered. In any case, because of the high oversampling ratio a 
simple, RC, single-pole ftlter is generally sufficient to attenuate 
the signals in these bands on the analog input and thus provide 
adequate antialiasing ftltering. 


ANALOG 
INPUT 
FUNCTIONS 
Analog Input Ranges 
Both analog inputs are programmable 
gain, input channels 
which can handle either unipolar or bipolar input signals. The 
AINI channel is a differential input channel having a common- 
mode range from Vss to AVDD' provided that the absolute 
value of the analog input voltage lies between Vss - 30 mV and 
AVDD +30 mY. The AIN2 input channel is a single-ended in- 
put that is referred to AGND. 


The input sample rate for the part varies as per Table III and 
the input sampling capacitance is 15 pF typical. The effective 
input impedance is IIC . fs. This results in a maximum allow- 
able source impedance of whatever is driving the analog inpur of 
10 kO to ensure correct charging of the sampling capacitor. 


The dc input leakage current is 10 pA maximum at +25"C. This 
results in a dc offset voltage developed across the source imped 
ance. However, this dc offset effect can be compensated for by a 
combination of the differential input capability 
the 'part and 
its system calibration mode. 


Burn-Out Current 
The AINI( +) input of the AD7711 contains a 100 nA current 
source which can be turned on/off via the control register. This 
current source can be used in checking that a transducer 
has not 
burnt out or gone open circuit before attempting to take mea- 
surements on that channel. If the current is turned on and is 
allowed flow into the transducer and a measurement 
of the input 


voltage on the AINI input is taken, it can indicate that the 
transducer is malfunctioning. 
For norntal operation, this burn- 
out current is turned off by writing a 0 to the BO bit in the con- 
trol register. 


RTD Excitation 
Currents 
The AD7711 also contains two matched 200 ..,A constant cur- 
rent sources which are provided at the RTDI 
and RTD2 pins of 
the device. These currents can be turned on/off via the control 
register. Writing a I to the RO bit of the control register en- 
ables these excitation currents. 


For four-wire RTD applications, one of these excitation currents 
is used to provide the excitation current for the RTD, the sec- 
ond current source can be left unconnected. 
For three-wire 
RTD configurations, 
the second on-chip current source can be 
used to eliminate errors due to voltage drops across lead 
resistances. 


The temperature 
coefficient of the RTD current sources is typi- 


cally 35 ppmrc 
with a typical matching between the tempera- 
ture coefficients of both current sources of 5 ppmrc. 
For 
applications where the absolute value of the temperature 
coeffi- 
cient is too large, the following schemes can be used to remove 
the drift error. 


The conversion result from the AD7711 is ratiometric to the 
VREF voltage. Therefore, 
if the VREF voltage varies with the 
RTD temperature 
coefficient, the temperature 
drift from the 
current source will be removed. For four-wire RTD applica- 
tions, the reference voltage can be made ratiometric to RTD 
current source by using the second current with a low t.c. resis- 
tor to generate the reference voltage for the part. In this case, if 
a 12.5 kO resistor is used, the 200 ..,A current source generates 
+2.5 V across the resistor. This +2.5 V can be applied to the 
REF IN( +) input of the AD7711 and with the REF IN( -) 
in- 
put at ground it will supply a VREF of 2.5 V for the part. For 
three-wire RTD configurations, 
the reference voltage for the 
part is generated by placing a low t.c. resistor (12.5 kO for 
2.5 V reference) in series with one of the constant current 
sources. The RTD curren 
sources can be driven to within 2 V 


of AVDD' T 
reference input of the AD7711 is differential so 


thUffiINN(+ 
REF IN(-) 
of the AD7711 are driven from 
eillie1' 'de of the resistor. Both schemes ensure that the refer- 
e 
voltage for the !i'aq tracks the RTD current sources over 
temperatur 
and, th 
ebJ!, removes the temperature 
drift error. 


BipolarlUnipolar 
Inputs 
The two lma10ginputs on the AD7711 can accept either unipo- 
lar or bipolar input voltage ranges. Bipolar or unipolar options 
are chosen by programming 
the BIU bit of the control register. 


Thi 
programs botll channels for either unipolar or bipolar oper- 
ation. Programming 
the part for either unipolar or bipolar oper- 


'on does not change any of the input signal conditioning; 
it 
slDlply changes the data output coding. 


The AINI input channel is differential and, as a result, the volt- 
age to which the unipolar and bipolar signals are referenced is 
the voltage on the AINI( -) input. For example, if AINI( -) is 
+ !.25 V and the AD7711 is configured for unipolar operation 
with a gain of I and a VREF of +2.5 V, the input voltage range 
on the AINI(+) 
input is +1.25 V to +3.75 V. If AINI(-) 
is 


+ 1.25 V and the AD7711 is configured for bipolar mode with a 
gain of I and a VREF of +2.5 V, the analog input range on the 
AINI(+) 
input is -1.25 
V to +3.75 V. For the AIN2 input, 


the input signals are referenced to AGND. 


REFERENCE 
INPUT/OUTPUT 
The AD7711 contains a temperature 
compensated 
+2.5 V refer- 
ence which has an initial tolerance of ±25 mY. This reference 
voltage is provided at the REF OUT pin and it can be used as 
the reference voltage for the part by connecting the REF OUT 
pin to the REF IN( +) pin. This REF OUT pin is a single 
ended output, referenced to AGND, which is capable of provid- 
ing up to I mA to an external load. In applications where REF 
OUT is connected directly to REF IN( +), REF IN( -) should 
be tied to AGND to provide the nominal +2.5 V reference for 
the AD77I!. 
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The reference inputs of the AD7711, REF IN( +) and REF 
IN( -), 
provide a differential reference input capability. The 
common-mode 
range for these differential inputs is from Vss to 
AVDD' 
The nominal differential voltage, VREF (REF IN( +) 
-REF 
IN(-)), 
is +2.5 V for specified operation but the refer- 
ence voltage can go to + 5 V with no degradation in performance 
provided that the absolute value of REF IN( +) and REF IN( -) 
does not exceed its AVDD and Vss limits. REF IN(+) 
must al- 
ways be greater than REF IN( -) for correct operation of the 
AD771l. 


Both reference inputs provide a high impedance, dynamic load 
similar to the analog inputs. The maximum dc input leakage 
current is 10 pA (± I •.•.A over temperature) 
and source resis- 
tances will result in gain errors on the part. The reference in- 
puts are switched capacitor inputs with the input capacitance 
dependent upon the selected gain. For gains of I to 8 the input 
capacitance is 20 pF; for a gain of 16 it is 10 pF; for a gain of 
32 it is 5 pF; for a gain of 64 it is 2.5 pF; and for a gain of 128 
it is 1.25 pF. 


The digital ftlter of the AD7711 removes noise from the refer- 
ence input just as it does with the analog input, and the same 
limitations apply regarding lack of noise rejection at integer mul- 
tiples of the sampling frequency. The output noise perfo 
~ 
outlined in Tables I and II assumes a clean reference. If 
e ref. 
erence noise in the bandwidth of interest is ex 
slve. it can de- 
grade the performance of the AD77ll. 
Figure'1 
hows the npise 
performance of the AD77II's 
onboartl refe 


VBIAS Input 
The VBIAS input determines at what voltage the internal analog 
circuitry is biased. It essentially provides the return path for 
analog currents flowing in the modulator and, as such, it should 
be driven from a low impedance point to minimize errors. 


For maximum internal headroom, the VBIAS voltage should be 
set halfway between AVDD and Vss' The difference between 
AVDD and (YBIAS 
+ 0.85 x VREF) 
determines the amount of 
headroom the circuit has at the upper end, while the difference 
between Vss and (YBIAS 
-0.85 
x VREF) 
determines the amount 
of headroom the circuit has at the lower end. Care ·should be 
taken in choosing a VBIAS voltage to ensure that VBIAS ±0.85 x 


VREF does not exceed the AVDD and Vss limits. For example, 
with AVDD = +4.75 V, Vss = 0 V and VREF 
= +2.5 V, the 
allowable range for the VBIAS voltage is +2.125 V to +2.625 V. 
With AVDD = +9.5 V, Vss = 0 V and VREF 
= +5 V, the 
range for VBIAS is +4.25 V to +5.25 V. With AVDD = +4.75 
V, Vss = -4.75 
V and VREF 
= +2.5 V, the VBIAS range is 
-2.625 
V to +2.625 V. 


USING 
THE AD7711 
SYSTEM 
DESIGN 
CONSIDERATIONS 
The AD7711 operates differently from successive approximation 
ADCs or integrating ADCs. Since it samples the signal continu- 
ously, like a tracking ADC, there is no need for a start conven 
command. The output register is updated at a rate determined 
by the first notch of the ftlter and the output can be read at any 
time, either synchronously or asynchronously. 


Clocking 
The AD7711 reqQjr 
a master clock input, which may be an 
external TTLICMO 
compatible clock signal applied to the 
MCLK 
N 
• Wlth the MCLK OUT pin left unconnected. 
Al- 
ternatively, 
& crystal of the correct frequency can be connected 
between MCLK IN and MCLK OUT, in which case the clock 
~cuit 
will ~ 
ction, s 1j. crystal controlled oscillator. For lower 
clock frequen~, 
a ceramic resonator may be used instead of 
the ctyS 
. For these lower frequency oscillators, external capac- 


'ito 
y be required on either the ceramic resonator or on the 
crystal. 


The input sampling frequency, the modulator sampling fre- 
quency, the - 3 dB frequency, output update rate and calibra- 
tion time are all directly related to the master clock frequency, 


fcLK 
IN' Reducing the master clock frequency by a factor of 2 
will halve the above frequencies and update rate and will double 
the calibration time. 


The current drawn from the DV DD power supply is also di- 
rectly related to fCLK 
IN' Reducing fCLK 
IN by a factor of 2 will 
halve the DV DD current but will not affect the current drawn 
from the AVDD power supply. 


System Synchronization 
If multiple AD7711s are operated from a common master clock, 
they can be synchronized to update their output registers simul- 
taneously. A falling edge on the SYNC input resets the fIlter 
and places the AD7711 into a consistent, known state. A com- 
mon signal to the AD7711s' SYNC inputs will synchronize their 
operation. This would normally be done after each AD7711 has 
performed its own calibration or has had calibration coefficients 
loaded to it. 


• 


ACCURACY 
Sigma-Delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity 
and inherently offer 
no missing codes performance. 
The AD7711 achieves excellent 
linearity by the use of high quality, on-chip silicon dioxide ca- 
pacitors, which have a very low capacitance/voltage coefficient. 
The device also achieves low input drift through the use of 
chopper stabilized techniques in its input stage. To ensure excel- 
lent performance over time and temperature, 
the AD7711 uses 


digital calibration techniques that minimize offset and gain error. 
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from the device. A calibration routine should be initiated on the 
device whenever there is a change in the ambient operating tem- 
perature or supply voltage. It should also be initiated if there is 
a change in the selected channel, gain, filter notch or bipolar! 
unipolar input range. However, if the AD771 I is in its back- 
ground calibration mode, the above changes are all automatically 
taken care of (after the settling time of the filter has been 
allowed for). 


The AD7711 offers self-calibration, system calibration and back- 
ground calibration facilities. For calibration to occur on the se- 
lected channel, the on-chip microcontroller 
must record the 
modulator output for two different input conditions. These are 
"zero-scale" and "full-scale" points. With these readings, the 
microcontroller 
can calculate the gain slope for the input to out- 
put transfer function of the converter. Internally, the part works 
with a resolution of 33 bits to deterntine its conversion result of 
either 16 bits or 24 bits. 


Self-Calibration 
In the self-calibration mode with a unipolar input range, the 
zero scale point used in determining the calibration coefficients 
is AGND and the full-scale point is VREF' The zero scale coeffi- 
cient is deterntined 
by converting an internal AGND node. The 
full-scale coefficient is deterntined 
from the span between this 
AGND conversion and a conversion on an internal VREF node, 
The self-calibration mode is invoked by writing ~ 
IlPpropria~ 
values (0, 0, I) to the MD2, MDI and MDQ-bits of the colUrol 
register. In this calibration mode, the AG 
D, Ililde is 
itched 
in to the modulator first and a conversiQli1s pc;tformed' ti!.e 
VREFnode is then switched in and another conversion ISper- 
formed. When the calibration sequence is comp et~, th 
calibra- 
tion coefficients updated and the filter resettled to the analog 
input voltage, the DRDY output goes low. 


For bipolar input ranges in the self-calibrating mode, the se- 
quence is very similar to that just outlined. In this case, the two 
points which the AD7711 calibrates are midscale (bipolar zero) 
and positive full scale. 


System Calibration 
System calibration allows the AD7711 to compensate for system 
gain and offset errors as well as its own internal errors. System 
calibration performs the same slope factor calculations as self- 
calibration but uses voltage values presented by the system to 
the AIN inputs for the zero and full-scale points. System cali- 
bration is a two-step process. The zero scale point must be pre- 
sented to the converter fltSt. It must be applied to the converter 
before the calibration step is initiated and must remain stable 
until the step is complete. System calibration is initiated by 
writing the appropriate values (0, I, 0) to the MD2, MDI and 
MOO bits of the i.e., control register. The DRDY output from 
the device will signal when the step is complete by going low. 
Mter the zero-scale point is calibrated, the full-scale point is 
applied and the second step of the calibration process is initiated 
by again writing the appropriate values (0, I, I) to MD2, MDI 
and MDO. Again the full-scale voltage must be set up before the 
calibration is initiated and it must remain stable throughout 
the 
calibration step. DRDY goes low at the end of this second step 
to indicate that the system calibration is complete. In the unipo- 


formed between midscale and positive full scale. 


This two-step system calibration mode offers another feature. 
Mter the sequence has been completed, additional offset calibra- 
tions can be performed by themselves to adjust the zero refer- 
ence point to a new system zero reference value. This is 
achieved by perfornting the fltSt step of the system calibration 
sequence (by writing 0, 1,0 to MD2, MDI, 
MOO). This will 
adjust the zero scale or offset point but will not change the 
slope factor from what was set during a full system calibration 
sequence. 


System Offset Calibration 
System offset calibration is a variation of both the system cali- 
bration and self-calibration. In this case, the zero scale point for 
the system is presented to the AIN input of the converter. 
Sys- 
tem offset calibration is initiated by writing I, 0, 0 to M02, 
MD I, MDO. The system zero scale coefficient is deterntined 
by 
converting the voltage applied to the AIN input, while the full- 
scale coefficient is del' 
. ed from the span between this AIN 
conversion and a conversion on an internal VREP node. The zero 
scale point should be 
plied to the AIN input for the duration 
o 
c~brati 
,sequence. This is a one-step calibration se- 
quence with DRDY going low when the sequence is completed. 
In the unipolar mode, the system offset calibration is performed 
between the two end--points of the transfer function; in the bipo- 
lar mqd 
it is performed between midscale and positive full 
sCale 


Background 
Calibration 
The AI)7711 
S9 
ers a background 
calibration mode where 
th 
inter1~ves its calibration procedure with its normal 
conversion sequence. In the background calibration mode, the 
same nodes are used as the calibration points as are used in the 
self-calibration mode (i.e., AGND and VREP)' The background 
calibration mode is invoked by writing 1,0, 
I to MD2, MDI, 


MOO of the control register. When invoked, the background 
calibration mode reduces the output data rate of the AD7711 by 
a factor of six. Its advantage is that the part is continually per- 
fornting calibration and automatically updating its calibration 
coefficients. As a result, the effects of temperature 
drift, supply 
sensitivity and time drift on zero and full scale errors are auto- 
matically removed. When the background calibration mode is 
turned on, the part will remain in this mode until bits MD2, 
MDI and MOO of the control register are changed. 


Table IV summarizes the calibration modes and the calibration 
points associated with them. 


Span and Offset Limits 
Whenever a system calibration mode is used, there are limits on 
the amount of offset and span that can be accommodated. 
The 
range of input span in both the unipolar and bipolar modes has 
a minimum value of 0.8 x VREplGAIN and a maximum value 
of 2.1 x VREplGAIN. 


The amount of offset that can be accommodated 
depends on 
whether the unipolar or bipolar mode is being used. In unipolar 
mode, the system calibration modes can handle a maximum off- 
set of 0.25 x VREplGAIN and a minimum offset of -(1.05 
x 


VREplGAIN). This offset range is limited by the requirement 
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Cal Type 
MD2, MDI, 
MDO 
Zero Scale Cal 
Full-Scale 
Cal 
Sequence 


Self-Cal 
0,0, 
I 
AGND 
VREF 
One Step 
System Cal 
0,1,0 
AIN 
Two Step 
System Cal 
0, 1, 1 
AIN 
Two Step 
System Offset Cal 
1,0,0 
AIN 
VREF 
One Step 
Background Cal 
1, 0, 1 
AGND 
VREF 
One Step 


that the positive full-scale calibration limit is :s LOS x VRErl 
GAIN. Thus, the maximum offset (0.25 x VRErlGAIN) plus 
the minimum span (0.8 x VRErlGAIN) cannot exceed LOS x 
VRErlGAIN. 


In the bipolar mode, the system offset calibration range is 
restricted to ±0.65 x VRErlGAIN. The span range of the 
converter in bipolar mode is equidistant around the voltage used 
for the zero scale point. Therefore, 
the maximum offset 
±(0.65 
x VRErlGAIN) plus half the minimum span ±(0.4 x 
VRErlGAIN) must be less than ±(1.05 x VRErlGAIN). If the 
span is set to 2 x VRErlGAIN, the input offset cannot move 
more than ±(0.05 
x VRErlGAIN) before the endpoints of the 
transfer function exceed the input overrange limits ± (1.OS x 
VRErlGAIN). 


POWER-UP 
AND CALmRATION 
On power-up, the AD7711 performs an inte 
the contents of the control register to a 
0 
to ensure correct calibration for the (Ie ce a 
should be performed after power-up. 


The power dissipation and temperature 
drift 0 
e 
71111are 
low and no warm up time is required before the· 
·tial calibra- 
tion is performed. 
However, if an external reference is being 
used, this reference must have stabilized before calibration is 
initiated. 


Drift Considerations 
The AD7711 uses chopper stabilization techniques to minimize 
input offset drift. Charge injection in the analog switches and dc 
leakage currents at the sampling node are the primary sources of 
offset voltage drift in the converter. The dc input leakage cur- 
rent is essentially independent 
of the selected gain but charge 
injection effects will increase with increasing gain. As a result, 
the offset drift numbers will be slightly larger for higher gains. 
Gain drift within the converter depends primarily upon the tem- 
perature tracking of the internal capacitors. It is not affected by 
leakage currents. 


Measurement errors due to offset drift or gain drift can be elimi- 
nated at any time by recalibrating the converter or by operating 
the part in the background calibration mode. Using the system 
calibration mode can also minimize offset and gain errors in the 
signal conditioning circuitry. Integral and differential linearity 
errors are not significantly affected by temperature 
changes. 


POWER SUPPLIES 
AND GROUNDING 
Since the analog inputs and reference input are differential, 
most of the voltages in the analog modulator are common-mode 
voltages. VBIAS provides the return path for most of the analog 
currents flowing in the analog modulator. 
As a result, the VBIAS 
input should be driven from a low impedance to minimize errors 


due to charging/discharging 
impedances on this line. When the 
2 


internal reference is used as the reference source for the part, 
AGND is the ground return for this reference voltage. 


The analog and digital supplies to the AD7711 are independent 
and separately pinned out to minimize coupling between the 
analog and digital sections of the device. The digital ftlter will 
provide rejection of broadband noise on the power supplies, 
except at integer multiples of the modulator sampling frequency. 
The digital supply (DV 00) must never exceed the analog posi- 
tive sup ly 
VQi» 
y more than 0.3 V. Power supply sequenc- 
ing th 
or, 
is Jmportant. If separate analog and digital 
p 
·e are 
sed, 
e must be taken to ensure that the analog 
pp 
~ powe ed up fIrst. If this cannot be ensured, or if 
ThV00 
ex 
A 
OD at any other time, a Schottky diode 
should 
pi 
'between DV 00 and AV00. 


frAt; INTERFACE 
:nIe AD77 11's serial communications 
port provides a flexible 
arran~eDient to allow easy interfacing to industry standard mi- 
Cl:opr 
SON, microcontrollers 
and digital signal processors. A 
~ 
rea(I to the AD7711 can access data from the output regis- 
, tlie control register or from the calibration registers. A serial 
write to the AD7711 can write data to the control register or the 
calibration registers. 


Two different modes of operation are available, optimized for 
different types of interface where the AD7711 can act either as 
master in the system (it provides the serial clock) or as slave (an 
external serial clock can be provided to the AD7711). These two 
modes, labelled self-clocking mode and external clocking mode, 
are discussed in detail in the following sections. 


Self-Clocking 
Mode 
The AD7711 is confIgured for its self-clocking mode by tying 
the MODE pin high. In this mode, the AD7711 provides the 
serial clock signal used for the transfer of data to and from the 
AD7711. This self-clocking mode can be used with processors 
that allow an external device to clock their serial port, including 
most digital signal processors and microcontrollers 
such as the 
68HC11 and 68HC05. It also allows easy interfacing to serial 
parallel conversion circuits in systems with parallel data commu- 
nication, allowing interfacing to 74XX299 Universal Shift regis- 
ters without any additional decoding. In the case of shift 
registers, the serial clock line should have a pull-down resistor 
instead of the pull-up resistor shown in Figure 8 and Figure 9. 


Read Operation 
Data can be read from either the output register, the control 
register or the calibration registers. AOdetermines whether the 
data read accesses data from the control register or from the out- 
put/calibration 
registers. This AO signal must remain valid for 
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the duration of the serial read operation. The function of the 
DRDY line is dependent only on the output update rate of the 
device and the reading of the output data register. DRDYonly 
goes low when a new data word is available in the output data 
register. It is reset high when the last bit of data (either 16th bit 
or 24th bit) is read from the output register. If a new data word 
becomes available to the output register while data is being read 
from the output register, DRDY will not indicate this and the 
new data word will be lost to the user. DRDY is not affected by 
reading from the control register or the calibration registers. 


Data can only be accessed from the output data register when 
DRDY is low. If RFS goes low while DRDY is high, the SCLK 
and SDATA lines will not become active until DRDY goes low. 
When DRDY goes low, the data word will then be output by 
the AD7711. If RFS goes low with DRDY high, no data trans- 
fer will take place until DRDY does go low. Provided RFS stays 
low for long enough, RFS can, in most cases, be brought low at 
any time with the AD771 1 clocking the data into the micropro- 
cessor, microcontroller 
or shift register when its clock and data 
lines become active. DRDY does not have any effect on reading 
data from the control register or from the calibration registers. 


Figures 8a and 8b show timing diagrams for reading from the 
AD7711 in the Self-Clocking mode. Figure 8a shows a situation 
where all the data is read from the AD771 I in one read opera- 
tion. Figure 8b shows a situation where the data is read from 
the AD771 1 over a number of read operations. Both read opera- 
tions show a read from the AD771I's 
output data register. A 
read from the control register or calibration registers is similar 
but in these cases the DRDY line is not related to the read 
function. It can go low at any stage in the read cycle without 
affecting the read and its status should be ignored. 


Figure 8a shows a read operation to the AD7711 where RFS 
remains low for the duration of the data word transmission. 
For 
the timing diagram shown, it is assumed that there is a pull up 
resistor on the SCLK output. With DRDY low, the RFS input 
is brought low. RFS going low enables the serial clock of the 
AD7711 and also places the MSB of the word on the serial data 
line. All subsequent data bits are clocked out on a high to low 
transition of the serial clock and are valid prior to the following 
rising edge of this clock. The ftnal active falling edge of SCLK 
clocks out the LSB and this LSB is valid prior to the ftnal active 
rising edge of SCrl<. 
Coiltcident with the next falling edge of 


iiiiDv (0) 
SS 


AD (I) 
SS 
SS 


RFs(I) 


SCLK(O) 


SDATA(O) 
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SCLK, DRDY is reset high. DRDY going high turns off the 
SCLK and the SDATA outputs. This means that the data hold 
time for the LSB is slightly shorter than for all other bits. 


Figure 8b shows a timing diagram for a read operation where 
RFS returns high during the transmission of the word and re- 
turns low again to access the rest of the data word. As before, 
the waveform for SCLK assumes that there is a pull up resistor 
on this line. Timing parameters and functions are very similar to 
that outlined for Figure 8a but Figure 8b has a number of addi- 
tional times to show timing relationships when RFS returns high 
in the middle of transferring a word. 


RFS should return high during a low time of SCLK. On the 
rising edge of RFS, the SCLK and SDATA outputs are turned 
off. DRDY remains low and will remain low until all bits of the 
data word are read from the AD7711, regardless of the number 
of times RFS changes state during the read operation. When 
RFS returns low again, it turns on the SCLK output and acti- 
vates the SDATA output. The first bit placed on the SDATA 
line after RFS goes low is the same bit as appeared on the bus 
when RFS went high. When the entire word is transmitted 
the 
DRDY line will go high rurning off the SDATA and SCLI( 
lines as per Figure 8a. 


Write Operation 
Data can be written to either the control register-t>f 
registers. In either case, the write operation is 
~8 
t€d by 
the DRDY line and the write operati 
oe 
0 
e an 
em 
on the status of DRDY. 


Figure 9a shows a write operation to the AD7711 with TFS 
remaining low for the duration of the write operation. AO deter- 
mines whether a write operation transfers data to the control 
register or to the calibration registers. This AO signal must 
remain valid for the duration of the serial write operation. The 
falling edge of TFS enables the internally generated SCLK out- 
put. The serial data to be loaded to the AD7711 must be valid 
on the rising edge of this SCLK signal. Data is clocked into the 
AD7711 on the rising edge of the SCLK signal with the MSB 
transferred fIrst. On the last active rising edge of SCLK, the 
• 
LSB is loaded to the AD7711. Subsequent to the next falling 
edge of SCLK, the SCLK output is turned off. (The timing dia- 
gram of Figure 9a assumes a pull up resistor on the SCLK line.) 


Figure 9b shows a timing diagram for a write operation to the 
AD7711 with TFS returning high during the write operation 
and rerurning low again to write the rest of the data word. Once 
again, the timin 
iagram of Figure 9b assumes a pull up resis- 
tor on the SCLK output. Timing parameters and functions are 
very similar 
t outlined for Figure 9a, but Figure 9b has a 
n 
of ad ·tional times to show timing relationships when 
eturns 
'gh in the middle of transferring 
a word. 


e alling e 
ofTFS 
again initiates the SCLK output and 
data to 
loa 
the AD7711 must be valid prior to the ris- 
ing edg,e of $ls SCLK signal. The rising edge of TFS turns off 
e SCLK output. TFS should return high during the low time 
of.SCI:K 
. 
en TFS returns low again, it turns on the SCLK 
utput 
Whe 
'all data bits have been written to the device, the 
C 
utput is turned off as per Figure 9a. 
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External Clocking Mode 
The AD7711 is configured for its external clocking mode by 
tying the MODE pin low. In this mode, SCLK of the AD7711 
is configured as an input and an external serial clock must be 
provided to this SCLK pin. This external clocking mode is de- 
signed for direct interface to systems which provide a serial 
clock output that is synchronized to the serial data output, in- 
cluding microcontrollers 
such as the 8OC51, 87C5l, 68HCll 
and 
68HC05 and most digital signal processors. 


Read Operation 
Figures lOa and lOb show timing diagrams for reading from the 
AD7711 in the external clocking mode. Figure lOa shows a situ- 
ation where all the data is read from the AD7711 in one read 
operation. Figure lOb shows a situation where the data is read 
from the AD7711 over a number of read operations. 


As with the self-clocking mode, data can be read from either the 
output register, the control register or the calibration registers. 
AOdetermines whether the data read accesses data from the con- 
trol register or from the output/calibration 
registers. This AO 
signal must remain valid for the duration of the serial read oper- 
ation. The function of the DRDY line is dependent only on the 
output update rate of the device and the reading of the output 
data register. DRDY only goes low when a new data word is 
available in the output data register. It is reset high when the 
last bit of data (either 16th bit or 24th bit) is read from the out,- 
put register. If a new data word becomes available to 
outpu 


register while data is being read from the output register, 
DRDY will not indicate this and the new data word will be lost 
to the user. DRDY is not affected by reading from the control 
register or the calibration register. 


Data can only be accessed from the output data register when 
DRDY is low. If RFS goes low while DRDY is high, the 
SDATA line will not become active until DRDY goes low. In 
this external clocking mode, an external clock is applied to the 
SCLK input. The receiving device (microprocessor 
or microcon- 
troller) expects to see valid data on edges of this SCLK signal. 
However, with DRDY high SDATA is not active and no data is 
transmitted. 
DRDY does not have any effect on reading data 
from the control register or from the calibration registers. 


Figure lOa shows a read operation to the AD7711 where RFS 
remains low for the duration of the data word transmission. 
With DRDY low, the RFS input is brought low. The input 
SCLK signal should be low between read and write operations. 
RFS going low places the MSB of the word to be read on the 
serial data line. All subsequent data bits are clocked out on a 
high to low transition 
0 the serial clock and are valid prior to 
the following riSqIg 
e of this clock. The penultimate falling 
edge of SCLK clocks out the LSB and the fInal falling edge re- 
sets th 
DRDV-Iihe high. This rising edge of DRDY turns off 
the serial data output. 


igure 10b~s 
a timiIIg diagram for a read operation where 
RFS returns hi~ 
durirtg the transmission of the word and re- 
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turns low again to access the rest of the data word. Timing pa- 
rameters and functions are very similar to that outlined for 
Figure lOa but Figure lOb has a number of additional times to 
show timing relationships when RFS returns high in the middle 
of transferring 
a word. 


RFS should return high during a low time of SCLK. On the 
rising edge of RFS, the SDATA output is turned off. DRDY 
remains low and will remain low until all bits of the data word 
are read from the AD77I1, 
regardless of the number of times 
RFS changes state during the read operation. When RFS re- 
turns low again, it activates the SDATA output and places the 
next bit of the data word on the SDATA output. When the en- 
tire word is transmitted, 
the DRDY line will go high rurning off 
the SDATA output as per Figure lOa. 


Write Operation 
Data can be written to either the control register or calibration 
registers. In either case, the write operation is not affected by 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. 


Figure lIa shows a write operation to the AD7711 with TFS 
remaining low for the duration of the write operation. AO dete - 
mines whether a write operation transfers data to the con 
register or to the calibration registers. This AO signal 
main valid for the duration of the serial write 0 
·on. 
fore, the serial clock line should be low be 
operations. The serial data to be loaded 
D· 
I 
valid on the high level of the exte 
~ .ed- 
LK 
Data is clocked into the AD7711 on 
e hi~ 
leve 


signal with the MSB transferred 
flfSt. On the last active rising 
edge of SCLK, the LSB is loaded to the AD77II. 


Figure II b shows a timing diagram for a write operation to the 
AD7711 with TFS rerurning high during the write operation 
and returning low again to write the rest of the data word. Tim- 
ing parameters and functions are very similar to that outlined 
for Figure lIa, but Figure lib has a number of additional times 
to show timing relationships when TFS returns high in the mid- 
dle of transferring a word. 


Data to be loaded to the AD7711 must be valid prior to the ris- 
ing edge of the SCLK signal. TFS should return high during 
the low time of SCLK . After TFS returns low again, the next 
bit of the data word to be loaded to the AD7711 is clocked in 
on next high level of the SCLK input. On the lasl active rising 
edge of the SCLK input, the LSB is loaded to the AD7711 as 
per Figure lla. 
• 
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FEATURES 
Charge Balancing ADC 
21 Bits No Missing Codes 
±0.OO15% 
Nonlinearity 
High Level and Low Level Analog Input Channels 
Programmable 
Gain for Both Inputs 
Gains from 1 to 128 
Differential 
Input for Low Level Channel 
Low-Pass Filter with 
Programmable 
Filter Cutoffs 
Ability 
to Read/Write 
Calibration 
Coefficients 
Bidirectional 
Microcontroller 
Serial Interface 
Internall 
External Reference Option 
Single or Dual Supply Operation 
Low Power (25 mW typ) with 
Power-Down 
Mode 
(50 •.••Wtyp) 


APPLICATIONS 
Process Control 
Smart Transmitters 
Portable Industrial 
Instruments 


GENERAL 
DESCRIPTION 
The AD7712 is a complete analog 
measurement 
applications. 
The devi 
has two 


channels and accepts either low level signal 
transducer or high level (±4 x VREF) signals 
ou puts a 
rial digital word. It employs a sigma-delta conversion technique 
to realize up to 21 bits of no missing codes performance. 
The 
low level input signal is applied to a proprietary 
programmable 
gain front end based around an analog modulator. 
The high- 
level analog input is attenuated before being applied to the same 
modulator. 
The modulator output is processed by an on-chip 
digital ftIter. The [IfSt notch of this digital ftIter can be pro- 
grammed via the on-chip control register allowing adjustment of 
the ftIter cutoff and settling time. 


Norma1ly, one of the channels will be used as the main channel 
with the second channel used as an auxiliary input to periodi- 
cally measure a second voltage. The part can be operated from a 
single supply (by tying the Vss pin to AGND) provided that the 
input signals on the low level analog input are more positive 
than -30 mV. By taking the Vss pin negative, the part can con- 
vert signals down to - VREFon this low level input. This low- 
level input, as well as the reference input, features differential 
input capability. 


The AD7712 is ideal for use in smart, microcontroller 
based 
systems. Input channel selection, gain settings and signal polar- 
ity can be configured in software using the bidirectional serial 
port. The AD7712 also contains self-calibration, system calibra- 
tion and background calibration options and also allows the user 
to read and to write the on-chip calibration registers. 


VI611UI VVilUnlUIIII15 
"U\I 


AD7712* 
I 
• 
AIN1(+) 


AIN1(-) 
SYNC 


iiiNOii 


MeLK 
IN 


MeLK 
OUT 


Q 
constrU 
.on ensures low power dissipation and a soft- 
e p 
able power-down mode reduces the standby 


r consumption to only 50 •.•.W typical. The part is available 


a 24-pin, 0.3 inch wide, plastic and hermetic dual-in-line 
package (DIP) as well as a 24-lead small outline (SOle) 
package. 


PRODUCT 
HIGHLIGHTS 
1. The low level analog input channel allows the AD7712 to 
accept input signals directly from a strain gage or transducer, 
removing a considerable amount of signal conditioning. 
To 
maximize the flexibility of the part, the high level analog 
input accepts signals of ±4 x VRE~GAIN. 


2. The AD7712 is ideal for microcontroller 
or DSP processor 
applications with an on-chip control register that allows con- 
trol over ftIter cutoff level, input gain, channel selection, sig- 
nal polarity and calibration modes. 


3. The AD7712 allows the user to read and to write the on-chip 


calibration registers. This means that the microcontroller 
has 


much greater control over the calibration procedure. 


4. No Missing Codes ensures true, usable, 21-bit dynamic range 
coupled with excellent ±0.OOI5% accuracy. The effects of 
temperature 
drift are eliminated by on-chip self-calibration, 


which removes zero scale and full-scale errors. 
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AD7712 -SPECIFICATIONS 


(AVDD = +5 V to +10 V; DVDD = +5 V; REFOUT= REF IN(+); REFIN(-) = 
AGND;MCLKIN = 10 MHz unless otherwise stated. All specifications TM1N to TMAX• 
unless otherwise noted.) 


STATIC 
PERFORMANCE 
No Missing Codes 
Output 
Noise 
Integtal Nonlinearity 
Positive Full-Scale Error'- 
3 


Full-Scale Drift' 
Unipolar Offset Error' 
Unipolar Offset Drift' 
Bipolar Zero Error' 
Bipolar Zero Drift" 
Bipolar Negative Full-Scale Error' 
Bipolar Negative Full-Scale Drift' 


ANALOG 
INPUTSIREFERENCE 
INPUTS 
50 Hz Rejection· 
60 Hz Rejection· 
AINIIREF 
IN 
DC Input Leakage Current" @ + 25'C 
TMIN 
toTMAX 
Sampling Capacitance" 
Soutce Impedance 


Common-Mode 
Rejection (CMR) 


Common-Mode 
Voltage Range7 


Analog Inputs 
Input Sampling Rate, fs 
AIN I Input Voltage Range' 


AIN2 de Input Current 
Reference Inputs 


REF IN(+) 
- REF IN(-) 
Voltage 
Input Sampling Rate, fs 


REFERENCE 
OUTPUT 
Output 
Voltage 


Initial Tolerance 
Drift 
Line Regu1ation (AV00) 
Losd Regu1ation 
External Current 


VBlAS INPUT 
Input Voltage Range 


LOGIC INPUTS 
Input Current 
All Inputs Except MCLK IN 


VlNL, 
Input Low Voltage 
VlNH, Input High Voltage 
MCLKIN 
Only 
VlNL' 
Input Low Voltage 


VlNH, Input High Voltage 


Guaranteed 
by Design 
Depends on Filter Cutoffs and Selected Gain 
Filter Notches 
'" 60 Hz 
Excluding Reference 
Excluding Reference 


Excluding Reference; 
Typically 
±0.0004% 


Excluding Reference 


For Filter Notches of 10 Hz, 25 Hz, 50 Hz, ±0.02 
x fNOTCH 


For Filter Notches of 10 Hz, 30 Hz, 60 Hz, ±0.02 
x fNOTCH 
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21 
See Tables I & II 
±0.0015 
See Note 4 
I 
See Note 4 
I 
See Note 4 
1 
±0.0015 
1 


••vrc 
max 


% ofFSR 
max 
••vrc 
max 


pAmax 
nAmax 
pFmax 
kOmax 


100 
Vss to AVoo 


+2.5 to +5 
fa.K IN/512 


V nom 
%max 
ppmrc 
typ 
mVNmax 
mVimAmax 
mAmax 


AVoo 
- 0.85 
X VREF 


Vss + 0.85 
X VREF 


±10 
~max 


0.8 
Vmax 
2.0 
Vmin 


0.8 
Vmax 
3.5 
Vmin 


LOGIC OUTPUTS 
VOL' OUtput Low Voltage 
VOH' Output 
High Voltage 
Floating State Leakage Current 
Floating State Output 
Capacitance'o 


TRANSDUCER 
BURN-QUT 
Current 
Initial Tolerance 
Drift 


SYSTEM CALIBRATION 
AINI 
Positive Full-Scale Calibration 
Limit" 
Negative Full-Scale Calibration 
Limit" 
Offset Calibration 
Limit12· " 
Input Span12 


AIN2 
Positive Full-Scale Calibration 
Limit" 
Negative Full-Scale Calibration 
Limit" 
Offset Calibration 
Limit" 
Input Span 


POWER 
REQUIREMENTS 
Power Supply Voltages 
AVoo 
- Vss Voltage 
DVoo 
Voltage 
Power Supply Currents 
AV00 Current 
DVoo 
Current 
Vss Current 
Power Supply Rejection" 
Positive Supply (AV00)" 
Negative Supply (Vss) 
Power Dissipation 
Normal Mode 
Normal Mode 
Standby (Power-Down) 
Mode 


IS1NK = 1.6 mA 


ISOURCE= 100 ILA 
• 
GAIN Is the Selected PGA Gain (Between 
I and 128). 
GAIN Is the Selected PGA Gain (Between 
I and 128). 


GAIN Is the Selected PGA Gain (Between 
1 and 128). 


GAIN Is the Selected PGA Gain (Between 
1 and 128). 
GAIN Is the Selected PGA Gain (Between 
1 and 128). 


s = -5 V 
Rejection w.r.t. 
AGND. 
Assumes VSIASIs Fixed. 


AVoo = DVoo = +5 V, Vss = 0 V; Typically 25 mW 
AVoo = DVoo = +5 V, Vss = -5 
V; Typically 30 mW 
AVoo = DVoo = +5 V, Vss = OVor-5 
V; Typically50ILW 


NOTES 
ITemperature 
ranges are as follows: A Version, 
-4O"C 
to +85"<:; 
S Version 
-55"C 
to + 125"C. 


2Applies after calibration at the temperature 
of interest. 
JPositive full-scale error applies to both unipolar and bipolar input ranges. 
+rhese 
errors will be of the order of the output noise of the pan, as shown in Table I. 
'Recalibration 
at any temperature or use of the background 
calibration mode will remove these drift errors. These numbers are guaranteed by design and/or 
characterization. 
'These 
numbers 
arc guaraDleed 
by design and/or 
characterization. 


'This 
common-mode 
voltage range is allowed provided that the absolute value of the input voltage does 
Dot exceed AVDO +30 mV and V55 
- 30 mV. 


'The AINl 
analog input presents a very high impedance 
dynamic load which varies with clock frequency and input sample rate. The maIimum 
recommended 
source 
resistance is 10 kn. 
"VREF = REF IN(+) - REF IN(-). 
l°Sample 
tested at + 250C to ensure compliance. 
IIMer 
calibration, if the analog input exceeds positive 
full scale, the converter will output all 15. If the analog input is less than negative full scale, then the device will out- 


pUI all Os. 
12These calibration and span limits apply provided that the absolute voltage on the analog inputs does not exceed VDO or does not go more negative than Vss - 
30 mV. 


IJ-yne offset calibration limit applies to both the unipolar zero point and the bipolar zero point. 
"Measured 
aI de and applies 
in the selected 
passband. 
PSRR 
at 50 Hz will exceed 
120 dB with filter nOlches of 10 Hz, 25 Hz or 50 Hz. PSRR 
aI 60 Hz will exceed 
120 dB 
with filter nOlches of 10 Hz, 30 Hz or 60 Hz. 


I~S 
number can be improved 
(to 95 dB typ) by deriving the VBlAS voltage (via Zener diode or reference) from the AVDD supply. 


Specifications 
subject to change without notice. 


Vmax 
Vmin 
ILAmax 
pF typ 
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applies to a product 
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nA nom 
%typ 
pptnrCtyp 


(1.05 x VREFYGAIN 
-(1.05 
x VREFYGAIN 
-(1.05 
x VREFYGAIN 
0.8 x VRE"IGAIN 
(2.1 x VREFYGAIN 


Vmax 
Vmax 
Vmax 
Vmin 
Vmax 


(4.2 x VREFYGAIN 
-(4.2 
x VREFYGAIN 
-(4.2 
x VREFYGAIN 
3.2 x VRE"IGAIN 
(8.4 x VREFYGAIN 


mWmax 
mWmax 
ILWmax 


- 
. 
- 


Operating Temperature 
Range 
Commercial (A Version) 
-40°C to +85°C 
Extended (S Version) 
-55°C to + 125°C 
Storage Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 
10 secs) 
+ 300°C 
Power Dissipation (Any Package) to +75°C 
450 mW 


AVoo to Vss 
-0.3 
V to +12 V 
AVoo to AGND 
-0.3 
V to +12 V 
AVoo to DGND 
-0.3 
V to +12 V 
DVoo 
to AGND 
-0.3 
V to +6 V 
DVoo 
to DGND 
-0.3 
V to +6 V 
Vss to AGND 
+0.3 V to -6 V 
Vss to DGND 
+0.3 V to -6 V 
AGND to DGND 
-0.3 
V to AVoo+O.3 
V 
Analog Input Voltage to AGND 
.. 
Vss-0.3 
V to AVoo+O.3 
V 
Reference Input Voltage to AGND 
. . . . . . . . . . . . . . . . . . . . . . Vss-O.3 
V to AVoo+O.3 
V 
REFOUTtoAGND 
-0.3 
V to AVoo 
CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational 
sections 
of this specification 
is not implied. 
Exposure 
to absolute 
maximum rating conditions for extended periods may affect device reliability . 


t'~, 
t, 
Self-Clocking Mode 
t2 
t, 
t. 
t, 
~t: 
t86 


4 X UK 
rN 
4 X !eLK 
IN 
2 X !eLK 
IN 
SO 
4 X !eLK 
tN 
3 X !eLKIN 


!eLKIN/2 


!eLK !N/2 + 20 


!eLK IN/2 
3 x 
!eLK 
IN/2 
10 


!eLK 
!N/2 
20 
20 
2 X !eLKIN 
SO 
4 X !eLKIN 
4 X !eLK 
IN 
20 
20 


ns min 
ns min 
ns min 
ns min 
ns max 
ns max 
ns min 
ns max 
ns nom 
ns nom 
ns min 
ns max 
ns max 
ns max 
ns min 
ns min 
ns max 
ns min 
ns min 
ns min 


Digital Output Rise Time; Typically 20 ns 
Digital Output Fall Time; Typically 20 ns 
SYNC Pulse Width 


DRDY to RFS Setup Time. 
!eLK 
IN = l/fCLK 
IN 
DRDY to RFS Hold Time 
AO to RFS Setup Time 
AOto RFS Hold Time 
RFS Low to SCLK Falling Edge 
Data Access Time (RFS Low to Data Valid) 
SCLK Falling Edge to Data Valid Delay 


SCLK High Pulse Width 
SCLK Low Pulse Width 
RFSITFS to SCLK Falling Edge Hold Time 


RFSITFS to SCLK Delay 
RFS to Data Valid Hold Time 
AOto TFS Setup Time 
AO to TFS Hold Time 
TFS to SCLK Falling Edge Delay Time 
TFS to SCLK Falling Edge Hold Time 
Data Valid to SCLK Setup Time 
Data Valid to SCLK Hold Time 
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Limit 
at TMIN' TMAX 
(A, S Versions) 


External Clocking Mode 
fSCLK 
t20 
t21 
t22 
t23 


1246 


t25 
6 


fCLK 
INI5 
4 x 
£eLK 
IN 
4 X £eLK 
IN 
2 X £eLK 
IN 
50 
3 X £eLK 
IN 


£eLK 
1N/2 


£eLK 1N/2 + 20 
2 X £eLK 
IN 
2 X £eLK 
IN 
10 
10 
20 
10 


£eLKIN 
20 
2 X 
£eLK 
IN 
50 
10 
20 
20 


MHzmax 
ns min 
ns min 
ns min 
ns min 
ns max 
ns min 
ns max 
ns min 
ns min 
ns max 
ns min 
ns max 
ns min 
ns max 


Serial Clock Input Frequency 
DRDY to RFS Semp Time 
DRDY to RFS Hold Time 
AOto RFS Setup Time 
AO to RFS Hold Time 
Data Access Time (RFS Low to Data Valid) 
SCLK Falling Edge to Data Valid Delay • 
SCLK High Pulse Width 
SCLK Low Pulse Width 
SCLK Falling Edge to DRDY High 
DRDY to Data Valid Hold Time 


NOTES 
lSample tested 
at +25°C 
to ensure compliance. 
'See Figures 9 to 12. 
'eLK IN duty cycle range is 20% to gO%. 
IN must 
ppli 
when...,r the AD?1I2 is not in STANDBY mode. If no clock is present in this case, the 
device can draw higher current than specifi 
d possiblY'~e 
ni:alibrated. 
'The AD7712 is production tested with fcLK 
IN at 101.1 
It· 
aranteed -by 
anc 
. 
'Specified using 10% and 90% points on waveform of inte 
"These numbers are measured with the load circuit of Figure I and dermed 
time required for the output to cross o.g V or 2.4 V. 


1These numbers are derived from the measured time taken by the data output 
0 change 0.5 V when loaded with the circuit of Figure 1. The measured number 
is then extrapolated 
back to remove 
effects 
of charging 
or discharging 
the 1()() pF capacitor. 
This 
means 
that the times 
quoted 
in the timing 
characteristics 
are 
the true bus relinquish times of the pan and, as such, are independent of external bus loading capacitances. 


Figure 1. Load Circuit for Access Time and Bus Relinquish 
Time 


PIN CONFIGURATION 
DIP and SOIC 


REF OUT 


REF IN(+) 


This information 
applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 
Analog Devices assumes no obligation 
regarding future manufacture 
unless otherwise 
agreed to in writing. 


3 
MCLKOUT 


4 
AO 


5 
SYNC 


6 
MODE 


7 
AINI(+) 


8 
AINI(-) 
9 
STANDBY 


10 
TP 
11 
Vss 


12 
AVDD 
13 
VB1AS 


14 
REF IN(-) 


15 
REF IN(+) 


16 
REF OUT 


17 
AGND 
18 
AIN2 


19 
TFS 


Function 


Serial Clock. Logic Input/Output 
depending on the stams of the MODE pin. When MODE is high, the 
device is in its self-clocking mode and the SCLK pin provides a serial clock output. This SCLK 
becomes active when RFS or TFS goes low and it goes high impedance when either RFS or TFS 
remrns high or when the device has completed transmission of an output word. When MODE is low, 
the device is in its external clocking mode and the SCLK pin acts as an input. This input serial clock 
can be a continuous clock with all data transmitted 
in a continuous train of pulses. Alternatively, 
it can 
be a noncontinuous 
clock with the information being transmitted 
to the AD7712 in smaller batches of 
data. 
Master Clock signal for the device. This can be provided in the form of a crystal or external clock. A 
crystal can be tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can 
be driven with a CMOS-compatible 
clock and MCLK OUT left unconnected. 
The clock input 
frequency is nominally 10 MHz. 
When the master clock for the device is a crystal, the crystal is connected between MCLK IN and 
MCLKOUT. 
Address Input. With this input low, reading and writing to the device is to the control register. With 
this input high, access is to either the data register or the calibratiQ 
registers. 
Logic Input which allows for synchronization 
of the digi 
fI1ers 
hen using a number of AD7712s. It 
resets the nodes of the digital fI1ter. 
Logic Input. When this pin is high, the d 
is in its external clocking mode. 
Analog Input Channel 1. Positive input 
the programmabl 
AINI( +) input is connect 
to 3Jl 
tput curren 
transducer has burnt out;o 
on~'open cir 
.t. 
control registen 
Analog In u 
Ii 
el 1. N 
!lOve in~ut Qfthe pro~ 
Logic Input. Taking this 
m 1<:\ s 1Its"do 
consumption to less than 
Test Pin. Used when t 
ting the device. 


Analog Negative Supply, 0 to -5 V. 
to AGND for single supply operation. The input voltage on 
AINI should not go> 
30 mV negative w.r.t. Vss for correct operation of the device. 
Analog Positive Supply Voltage, +5 V to + 10 V. 
Input Bias Voltage. This input voltage should be set such that VBIAS 
+ VREF < VDD and VBIAS 
- 
VREF> Vss where VREF is REF IN(+) 
- REF IN(-). 
Ideally, this should be tied halfway between 
AVDD and VSS• Thus, with AVDD = +5 V and Vss = 0, it can be tied to REF OUT; with AVDD = 
+5 V and Vss = -5 V, it can be tied to AGND, while with AVDD =+10 
V, it can be tied to +5 Vor 
to REF OUT. 
Reference Input. The REF IN(-) 
can lie anywhere between AVDD and Vss provided REF IN(+) 
is 
greater than REF IN( -). 
Reference Input. The reference input is differential providing that REF IN( +) is greater than REF 
IN(-). 
REF IN(+) 
can lie anywhere between AVDD and VSS• 
Reference Output. 
The internal +2.5 V reference is provided at this pin. This is a single-ended output 
which is referred to AGND. 
Ground reference point for analog circuitry. 


Analog Input Channel 2. High-level analog input which accepts an analog input voltage range of ±4 x 
VREplGAIN. At the nominal VREF of +2.5 V and a gain of I, the AIN2 input voltage range is ±IO V. 
Transmit 
Frame Synchronization. 
Active low logic input used to write serial data to the device with 
serial data expected after the falling edge of this pulse. In the self-clocking mode, the serial clock 
becomes active after TFS goes low. In the external clocking mode, TFS must go low before the fIrst bit 
of the data word is written to the part. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise 
agreed to in writing. 


Pin 
Mnemonic 


20 
RFS 


21 
DRDY 


22 
SDATA 


23 
DVDD 


24 
DGND 


Function 


Receive Frame Synchronization. 
Active low logic input used to access serial data from the device. In the 
self-clocking mode, the SCLK and SDATA lines both become active after RFS goes low. In the external 
clocking mode, the SDATA line becomes active after RFS goes low. 


Logic output. A falling edge indicates that a new output word is available for transmission. 
The DRDY 
pin will return high upon completion of transmission of a full output word. DRDY is also used to 
indicate when the AD7712 has completed its on-ehip calibration sequence. 
Serial Data. Input/Output 
with serial data being wrirren to the control register or accessed from the data 


registers. During a read operation, serial data becomes active after RFS goes low. During a write 
• 
operation, valid serial data is expected on the rising edges of SCLK when TFS is low. 
Digital Supply Voltage, +5 V. DVDD should never exceed AVDD by more than 0.3 V. If DVDD powers 
up before AVDD, or if DV DD can exceed AV DD by more than 0.3 V at any other time, a Schonky diode 
should be placed between the two pins. 
Ground reference point for digital circuitry. 


TERMINOLOGY 
INTEGRAL 
NONLINEARITY 
This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The end- 
points of the transfer function are zero scale (not to be confused 
with bipolar zero), a point 0.5 LSB below the fIrst code transi- 
tion (000 ... 
000 to 000 ... 
001) and full scale, a point 
above the last code transition (Ill 
... 
110 to III 
The error is expressed as a percentage of fu 
e. 


UNIPOLAR 
OFFSET 
ERROR 
Unipolar offset error is the deviation of the flfSt code transition 
from the ideal input voltage. For AINl( +), the ideal input 
voltage is (AINl( -) 
+ 0.5 LSB); for AIN2, the ideal input is 
0.5 LSB when operating in the unipolar mode. 


BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (0III 
... 
III to 
1000 ... 
(00) from the ideal input voltage. For AINl( +), the 
ideal input voltage is (AINl( -) 
- 0.5 LSB); for AIN2, the ideal 
input voltage is -0.5 
LSB when operating in the bipolar mode. 


BIPOLAR 
NEGATIVE 
FULL-SCALE 
ERROR 
This is the deviation of the fIrst code transition from the ideal 
input voltage. For AINl( +), the ideal input voltage is (AINl( -) 
-VRE,JGAIN 
+ 0.5 LSB); for AIN2, the ideal input voltage is 


(-4 
x VRE,JGAIN +0.5 LSB) when operating in the bipolar 
mode. 


TIVE FULL·SCALE 
OVERRANGE 
This is the 
unt of overhead available to handle voltages on 
AI 
) below 
AIN(-) 
-VRE,JGAIN) 
or on AIN2 below 
JGAIN 
without overloading the analog modulator or 
wing the digital fJlter. Note that the analog input will 
ccept negative voltage peaks on AIN l( +) even in the unipolar 
mode provided that AINl( +) is greater than AINI( -) 
and 
greater than Vss - 30 mV. 


OFFSET 
CALffiRATION 
RANGE 
In the system calibration modes, the AD7712 calibrates its offset 
with respect to the analog input. The offset calibration range 
specifIcation defmes the range of voltages that the AD7712 can 
accept and still calibrate offset accurately. 


FULL· SCALE CALffiRATION 
RANGE 
This is the range of voltages that the AD7712 can accept in the 
system calibration mode and still calibrate full-scale correctly. 


INPUT 
SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD7712's analog input defme the analog input range. 
The input span specifIcation defInes the minimum and maxi- 
mum input voltages from zero to full scale that the AD7712 can 
accept and still calibrate gain accurately. 
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A write to the device with the AO input low writes data to the control register. A read to the device with the AOinput low accesses 
the contents of the control register. 


Operating 
Mode 
MD2 
MOl 
MDO 
000 


Operating 
Mode 


Normal Mode. This is the normal mode of operation of the device whereby a read to the device accesses 
data from the data register. This is the default condition of these bits after the internal power-on reset. 


Activate Self-Calibration. This activates self-calibration on the channel selected by CH. This is a one- 
step calibration sequence, and when complete the part returns to Normal Mode. The DRDY output 
indicates when this self-calibration is complete. For this calibration type, the zero scale calibration is 
done internally on AGND and the full-scale calibration is done internally on VREP' 


Activate System Calibration. This activates system calibration on 
e 
annel selected by CH. This is a 
two-step calibration sequence, with the zero scale calibration 
0 
first: n the selected input channel 
and DRDY indicating when this zero scale calibrati~ 
is c 
e. 
e part returns to Normal Mode at 
the end of this fIrst step in the two-step 
uence. 
Activate System Calibration. This is the s 
d step of the system calibra.tion sequence with full-scale 
calibration being performed on the se 
iJU'ut channel.:Dn 
:DRDY indicates when the full- 
scale calibration is complet . 
en's 
clilibratio 
,j c 
pi 
e part returns to Normal Mode. 
Activate System 0 
&et 
OIL" 
activateS s 
tem offset calibration on the channel selected by 
CH. This is a 
step:cahOrit:ion sequenc; 
~l?art return 
to Normal Mode with DRDY indicating 
when this sys 
olE t caIibration is 
omplet 
F'or this calibration type, the zero scale calibration is 
done on the selected input channel and the full-scal 
calibration's 
done internally on VREP' 
Activate Background Calib adon;<Tbis activates backgr 
calibration on the channel selected by CH. 
If the background calibrauQ11mode is 0 
th~ 
the A'D7712 provides continuous self-calibration of the 
reference and AGND. This calibration t 
lace as part of the conversion sequence, extending the 
conversion time and reducing the word rate by a factor of six. Its major advantage is that the user does 
not have to worry about recalibrating the device when there is a change in the ambient temperature. 
In 
this mode, AGND and VREP' as well as the analog input voltage, are continuously monitored and the 
calibration registers of the device are automatically updated, 
if necessary. 
ReadlWrite Zero Scale Calibration Coefficients. A read to the device with AOhigh accesses the contents 
of the zero scale calibration coefficients of the channel selected by CH. A write to the device with AO 
high writes data to the zero scale calibration coefficients of the channel selected by CH. The word length 
for reading and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control 
register. 
ReadlWrite Full-Scale Calibration Coefficients. A read to the device with AO high accesses the contents 
of the full-scale calibration coefficients of the channel selected by CH. A write to the device with AO 
high writes data to the full-scale calibration coefficients of the channel selected by CH. The word length 
for reading and writing these coefficients is 24 bits regardless, of the status of the WL bit of the control 
register. 
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,t"ljJ\ \jam 


G2 
Gl 
GO 
Gain 


0 
0 
0 
1 
(Default Condition After the 
0 
0 
1 
2 
Internal Power-On Reset) 
0 
1 
0 
4 
0 
1 
1 
8 
1 
0 
0 
16 
1 
0 
1 
32 
1 
1 
0 
64 
1 
1 
1 
128 


Channel Selection 


CM 
Channel 
o 
AINI 
1 
AIN2 
Low Level Input 
(Default Condition After the 
High Level Input 
Internal Power-On Reset) 


Power-Down 
PD 
o 
Normal Operation 
1 
Power-Down 
(Default Condition After the 
Internal Power-On Reset) 


Word Length 


WL 
Output Word Length 
o 
16-Bit 
1 
24-Bit 
Internal 


BipolarlUnipolar 
Selection 


BIU 
o 
1 
Bipolar 
Unipolar 
(Default Condition After 
Internal Power-On Reset) 


Filter Selection 
(FSll-FSO) 
The on-chip digital filter provides a Sinc' (or (Sinx/x)' filter re- 
sponse. The 12 bits of data programmed 
into these bits deter- 
tnine the filter cutoff frequency, the position of the fIrSt notch 
of the filter and the data rate for the part. In association with 
the gain selection, it also detertnines the output noise (and hence 
the effective resolution) of the device. 


The fIrSt notch of the filter occurs at a frequency detertnined by 
the relationship: filter fIrst notch frequency = (fCLK IN/512)/ 
code where code is the decimal equivalent of the code in bits FSO 
to FSll 
and is in the range 19 to 2,000. With the notninal fCLK 
IN of 10 MHz, this results in a fIrSt notch frequency range from 
9.76 Hz to 1.028 kHz. To ensure correct operation of the 
AD7712, the value of the code loaded to these bits must be 
within this range. Failure to do this will result in unspecifted 
operation of the device. 


Changing the filter notch frequency, as well as the selected gain, 
inJpacts resolution. Tables I and II and Figure 2 show the effect 
of the filter notch frequency and gain on the effective resolution 
of the AD7712. The output data rate (or effective conversion 
time) for the device is equal to the frequency selected for the 
fIrSt notch of the filter. For example, if the fIrst notch of the 
filter is selected at 50 Hz, then a new word is available at a 
50 Hz rate or every 20 ms. If the fIrSt notch is at 1 kHz, a new 
word is available every 1 ms. 


The settling time of the filter to a full-scale step input change is 
• 
worst case 4 x the data rate. For example, with the fIrSt filter 
notch at 50 Hz, the settling time of the filter to a full-scale step 
input change is 80 ms max. If the fIrst notch is at 1 kHz, the 
settling time of the filter to a full-scale input step is 4 ms max. 


The - 3 dB frequency is detertnined 
by the programmed 
fIrSt 
notch frequency according to the relationship: filter - 3 dB 
frequency = 
ftrst notch frequency. 


Table 
sh 
on put rms noise for some typical notch and 
- 3 dB 
cles. The numbers given are for the bipolar input 
an 
s 
VIl.\'Fof +2.5 V. The numbers in Table I are 
aran eed 9>.: a co 
bination of testing, characterization 
and 
sign. l'he 
n;ut 
Ise from the part comes from rwo sources, 
th 
q 
tlZatlOn noise from the analog-to-digital conversion pro- 
cess 
d,!:-vicenoise. Device noise is independent 
of gain and 
'iJlly flat across the frequency spectrum. 
Quantization 
olse is ra 
etric to the input full-scale (and hence gain) and 
its 
ue 
nse is shaped by the modulator. 


at"Table I, as the cutoff frequency increases, the out- 
t 
ise increases because more of the quantization 
noise of the 
part comes through to the output and, hence, the output noise 
increases with increasing - 3 dB frequencies. For the lower 
notch settings, the output noise is dotninated by the device noise 
and, hence, altering the gain has little effect on the output 
noise. At higher notch frequencies, the quantization 
noise dOlni- 
nates the output noise and, in this case, the output noise tends 
to decrease with increasing gain. 


Since the output noise comes from rwo sources, the effective 
resolution of the device (Le., the ratio of the output rms noise to 
the input full scale) does not remain constant with increasing 
gain or with increasing bandwidth. 
Table II shows the same ta- 
ble as Table I except that the output is now expressed in terms 
of effective resolution (the magnitude of the rms noise with re- 
spect to 2 x VRE~GAIN, Le., the input full scale). It is possi- 
ble to do post filtering on the device to inJprove the output data 
rate for a given - 3 dB frequency and also to reduce further the 
output noise (see Digital Filtering section). 


Figure 2 gives similar information to that outlined in Table I. In 
this plot, the output rms noise is shown for the full range of 
available cutoff frequencies rather than for some typical cutoff 
frequencies as in Tables I and II. The numbers given in this 
plot are typical values. 
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First Notch of 
Output RMS Noise 
<•.•.V) 
Filter and OIP 
-3 dB 
Gain of 
Gain of 
Gain of 
Gain of 
Gain of 
Gain of 
Gain of 
Gain of 
Data Ratel 
Frequency 
1 
2 
4 
8 
16 
32 
64 
128 


10 He 
2.62 Hz 
1.7 
0.84 
0.60 
0.42 
0.42 
0.42 
0.42 
0.42 
25 He 
6.55 Hz 
3.4 
1.7 
1.2 
0.60 
0.60 
0.60 
0.60 
0.60 
30Hr 
7.86 Hz 
3.4 
2.4 
1.2 
0.84 
0.84 
0.60 
0.60 
0.60 
50Hr 
13.1 Hz 
9.5 
4.8 
2.4 
1.7 
1.2 
0.84 
0.84 
0.84 
60Hr 
15.72 Hz 
13.5 
6.7 
3.4 
1.7 
1.2 
1.2 
0.84 
0.84 
100 Hz' 
26.2 Hz 
54 
27 
13.5 
6.7 
3.4 
1.7 
1.7 
1.2 
250 Hz' 
65.5 Hz 
432 
216 
108 
54 
27 
13.5 
6.7 
4.8 
500 Hz' 
131 Hz 
2.4 x 10' 
1.2 X 10' 
610 
305 
153 
76 
38 
19 
1 kHz' 
262 Hz 
13.8 x 10' 
6.9 
X 10' 
3.4 X 10' 
1.7 X 10' 
863 
432 
216 
108 


NOTES 
'The default condition (after the internal power..,n reset) for the first notch of fllter is 60 Hz. 


2For these mtee notch frequencies, the output rms noise is primarily independent of the value of the reference voltage. Therefore, increasing the reference volt- 
age will give an increase in the effective resolution of the device (i.e., the ratio of the rms noise to the input full scale is increased since the output rms noise 
remains constant as the input full-scale increases). 
3For these fJ.ltet notch frequencies, the output rms noise is proportional to the value of the reference vol 


Table n. 


First Notch of 
Filter and OIP 
-3 dB 
Gain of 
Gain of 
Gain of 
Gain of 
Data Rate 
Frequency 
1 
32 
64 
128 


10 Hz 
2.62 Hz 
21 
18.5 
17.5 
16.5 
25 Hz 
6.55 Hz 
20. 
18 
17 
16 
30 Hz 
7.86 Hz 
20. 
18 
17 
16 
50 Hz 
13.1 Hz 
19 
17.5 
16.5 
15.5 
60 Hz 
15.72 Hz 
18.5 
17 
16.5 
15.5 
100 Hz 
26.2 Hz 
16.5 
16.5 
15.5 
15 
250 Hz 
65.5 Hz 
13.5 
13.5 
13.5 
13 
500 Hz 
131 Hz 
11 
11 
11 
11 
1 kHz 
262 Hz 
8.5 
8.5 
8.5 
8.5 


NOTE 
'Effective resolution is dermed as the magnitude of the output rms noise to the input full scale (i.e., 2 x VRE"IGAIN). The above table applies for a VREFof 
+2.5 V and resolution numbers are rounded to the nearest 0.5 LSB. 
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Figure 2a. Plot of Output Noise ys. Gain and Notch 
Frequency (Gains of 1to 8) 
Figure 2b. Plot of Output Noise ys. Gain and Notch 
Frequency (Gains of 16 to 128) 
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(WRITE) 


RFS 
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CIRCUIT 
DESCRIPTION 
The AD7712 is a sigma-delta NO converter with on-chip digital 
fIltering, intended for the measurement 
of wide dynamic range, 
low frequency signals such as those in industrial control or pro- 
cess control applications. 
It contains a sigma-delta (or charge- 
balancing) ADC, a calibration microcontroller 
with on-chip 


static RAM, a clock oscillator, a digital fIlter and a bidirectional 
serial communications 
port. 


The part contains two analog input channels, one programmable 
gain differential input and one programmable 
gain high-level 


single-ended input. The gain range on both inputs is from I to 
128. For the AINI input, this means that the input can accept 
unipolar signals of between 0 to +20 mV and 0 to +2.5 Vor 
bipolar signals in the range from ±20 mV to ±2.5 V when the 
reference input voltage equals +2.5 V. The input voltage range 
for the AIN2 input is ±4 x VREplGAIN and is ±IO V with the 
nominal reference of + 2.5 V and a gain of I. The input signal 
to the selected analog input channel is continuously sampled at a 
rate determined 
by the frequency of the master clock, CLK IN, 


and the selected gain (see Table III). A charge balancing NO 
converter (Sigma-Delta Modulator) converts the sampled signal 
into a digital pulse train whose duty cycle contains the digital 
information. 
The programmable 
gain function on the 
put is also incorporated 
in this sigma-delta modull\tor w 
input sampling frequency being modified to 
. 
the 
. 
gains. A sinc3 digital low pass fIlter p 
t of 
sigma-delta modulator and update 
determined 
by the fIrst notch frequ 
put data can be read from the serial 
rt randoriUy 


cally at any rate up to the output register u 
a 
notch of this digital fIlter (and hence its - 3 dB 
uency) 


be programmed 
via an on-chip control register. The pro 
ble range for this fIrst notch frequency is from 9.76 Hz to 
1.028 kHz, giving a programmable 
range for the -3 dB fre- 
quency of 2.58 Hz to 269 Hz. 


The basic connection diagram for the part is shown in Figure 3. 
This shows the AD7712 in the external clocking mode with both 
the AVDD and DV DD pins of the AD7712 being driven from 
the analog + 5 V supply. Some applications will have separate 
supplies for both AVDD and DV DD' and in some of these cases, 
the analog supply will exceed the + 5 V digital supply (see 
Power Supplies and Grounding section). 


The AD7712 provides a number of calibration options which 
can be programmed 
via the on-chip control register. A calibra- 
tion cycle may be initiated at any time by writing to this control 
register. The part can perform self-calibration using the on-chip 
calibration microcontroller 
and SRAM to store calibration pa- 
rameters. Other system components may also be included in the 
calibration loop to remove offset and gain errors in the input 
channel using the system calibration mode. Another option is a 
background calibration mode where the part continuously per- 
forms self-calibration and updates the calibration coefficients. 
Once the part is in this mode, the user does not have to worry 
about issuing periodic calibration commands to the device or 
asking the device to recalibrate when there is a change in the 
ambient temperature 
or power supply voltage. 


asic Connection Diagram 


7712~ves 
the user access to the on-chip calibration reg- 
g the microprocessor to read the device's calibra- 
fficients and also to write its own calibration coefficients 
.s gives the microprocessor much greater control 
e 
2's calibration procedure. 
It also means that the 
verify that the device has performed its calibration cor- 
r 
by comparing the coefficients after calibration with pre- 
tored values in E2pROM. 


The AD7712 can be operated in single supply systems provided 
that the analog input voltage on the AINI input does not go 
more negative than 30 mV. For larger bipolar signals on the 
AINI input, a Vss of -5 V is required by the part. For battery 
operation, the AD7712 also offers a software programmable 
standby mode that reduces idle power consumption 
to typically 


50Il-W. 


THEORY 
OF OPERATION 
The general block diagram of a sigma-delta ADC is shown in 
Figure 4. It contains the following elements. 


I. A sample-hold amplifter. 


2. A differential amplifter or subtractor. 


3. An analog low-pass fIlter. 


4. A I-bit NO converter (comparator). 


5. A I-bit DAC. 


6. A digital low-pass fIlter. 
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along With the output of the I-bit DAC. The fJltered difference 
signal is fed to the comparator, 
whose output samples the differ- 


ence signal at a frequency many times that of the analog signal 
sampling frequency (oversampling). 


Oversampling is fundamental 
to the operation of sigma-delta 
ADCs. Using the quantization noise formula for an ADC: 


SNR 
= (6.02 x number of bits + 1.761dB, 


a I-bit ADC or comparator yields an SNR of 7.78 dB. 


The AD7712 samples the input signal at a frequency of 20 kHz 
or greater (see Table III). As a result, the quantization 
noise is 
spread over a much wider frequency than that of the band of 
interest. The noise in the band of interest is reduced still further 
by analog fJltering in the modulator loop, which shapes the 
quantization 
noise spectrum to move most of the noise energy to 
frequencies outside the bandwidth of interest. The noise perfor- 
mance is thus improved from this I-bit level to the performance 
outlined in Tables I and II and in Figure 2. 


The output of the comparator provides the digital input for the 
I-bit DAC, so that the system functions as a negative feedback 
loop that tries to minimize the difference signal. The digital data 
that represents the analog input voltage is contained in the duty 
cycle of the pulse train appearing at the output of the compara- 
tor. It can be retrieved as a parallel binary data word using a 
digital fJlter. 


Sigma-delta ADCs are generally described b 
analog low pass fJlter. A simple exampl 
lI'Storder si~ 
delta ADC is shown in Figure 5. This co 
. s onl)' 
t- ~er 
low pass fJlter or integrator. 
It also illustrates th 
'vali n of 
the alternative name for these devices: 
Charge Bal 
ing ~s. 


voltage is applied, the duty cycle decreases. 


The AD7712 uses a second-order sigma-delta modulator and a 
digital fJlter that provides a rolling average of the sampled out- 
put. Mter power-up, or if there is a step change in the input 
voltage, there is a settling time that must elapse before valid 
data is obtained. 


Input Sample Rate 
The modulator sample frequency for the device remains at 
fCLK 1N/512 (20 kHz @ fCLK IN = 10 MHz) regardless of the 
selected gain. However, gains greater than x 1 are achieved by a 
combination of multiple input samples per modulator cycle and 
a scaling of the ratio of reference capacitor to input capacitor. 
As a result of the multiple sampling, the input sample rate of 
the device varies with the selected gain (see Table III). The 
effective input impedance is lIC • fs where C is the input sam- 
pling capacitance and fs is the input sample rate. 
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Figure 5. Basic Charge Balancing ADC 


It consists of a differential amplifier (whose output is the differ- 
ence between the analog input and the output of a I-bit DAC), 
an integrator and a comparator. 
The term, "charge-balancing," 
comes from the fact that this system is a negative feedback loop 
that tries to keep the net charge on the integrator capacitor at 
zero by balancing charge injected by the input voltage with 
charge injected by the I-bit DAC. When the analog input is 
zero, the only contribution 
to the integrator output comes from 
the I-bit DAC. For the net charge on the integrator capacitor to 
be zero, the DAC output must spend half its time at +FS and 
half its time at - FS. Assuming ideal components, 
the duty 
cycle of the comparator will be 50%. 


When a positive analog input is applied, the output of the I-bit 
DAC must spend a larger proportion of the time at +FS, so the 


First, since digital fJltering occurs after the A-to-D conversion 
process, it can remove noise injected during the conversion pro- 
cess. Analog fJltering cannot do this. 


On the other hand, analog fJltering can remove noise superim- 
posed on the analog signal before it reaches the ADC. Digital 
fJltering cannot do this and noise peaks riding on signals near 
full-scale have the potential to saturate the analog modulator and 
digital fJlter, even though the average value of the signal is 
within limits. To alleviate this problem, the AD7712 has over- 
range headroom built into the sigma-delta modulator and digital 
fJlter which allows overrange excursions of 5% above the analog 
input range. If noise signals are larger than this, consideration 
should be given to analog input fJltering, or to reducing the in- 
put channel voltage so that its full scale is half that of the analog 
input channel full scale. This will provide an overrange capabil- 
ity greater than 100% at the expense of reducing the dynamic 
range by 1 bit (50%). 


Filter Characteristics 
The cutoff frequency of the digital fJlter is determined 
by the 
value loaded to bits FSO to FSII 
in the control register. At the 
maximum clock frequency of 10 MHz, the minimum cutoff fre- 
quency of the fJlter is 2.58 Hz while the maximum programma- 
ble cutoff frequency is 269Hz. 
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Figure 6 shows the ftIter frequency response for a cutoff fre- 
quency of 2.62 Hz which corresponds to a first ftIter notch fre- 
quency of 10 Hz. This is a (sinx/x)' response (also called sinc') 
that provides> 
100 dB of 50 Hz and 60 Hz rejection. Program- 
ming a different cutoff frequency via FSo-FS II does not alter 
the proftle of the ftIter response, it changes the frequency of the 
notches as outlined in the Control Register section. 
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Figure 6. 


Since the AD7712 contains this on-chip, 
is a settling time associated with st 
c . n 
s and d 
on the output will be invalid afte 
han e un . 
tling time has elapsed. The settling 
e 
epen 
u 
notch frequency chosen for the ftIter. The 
ut 
t 'Tate 
equates to this ftIter notch frequency and the s ttlirig time 0 the 
ftIter to a full-scale step input is 4 times the output data peri~. 
In applications using both input channels, the settling time of 
the ftIter must be allowed to elapse before data from the second 
channel is accessed. 


Post Filtering 
The on-chip modulator provides samples at a 20 kHz output 
rate. The on-chip digital ftIter decimates these samples to pro- 
vide data at an output rate which corresponds to the pro- 
grammed first notch frequency of the ftIter. Since the output 
data rate exceeds the Nyquist criterion, the output rate for a 
given bandwidth will satisfy most application requirements. 
However, there may be some applications which require a 
higher data rate for a given bandwidth and noise performance. 
Applications which need this higher data rate will require some 
post ftItering following the digital ftIter of the AD7712. 


For example, if the required bandwidth is 7.86 Hz but the re- 
quired update rate is 100 Hz, the data can be taken from the 
AD7712 at the 100 Hz rate giving a -3 dB bandwidth of 26.2 
Hz. Post ftItering can be applied to this to reduce the bandwidth 
and output noise, to the 7.86 Hz bandwidth level, while main- 
taining an output rate of 100 Hz. 


Post ftItering can also be used to reduce the output noise from 
the device for bandwidths 
below 2.62 Hz. At a gain of 128, the 
output rms noise is 420 nV. This is essentially device noise or 
white noise, and since the input is chopped, the noise has a flat 
frequency response. By reducing the bandwidth below 2.62 Hz, 


the noise in the resultant passband can be reduced. A reduction 
in bandwidth by a factor of 2 results in a \/2 reduction in the 
output rms noise. This additional ftItering will result in a longer 
settling time. 


Antialias Considerations 
The digital ftIter does not provide any rejection at integer multi- 
ples of the modulator sample frequency (n x 20 kHz, where 
n = 1, 2, 3 ... 
). This means that there are frequency bands, 


±f, 
dB wide (f, dB is cutoff frequency selected by FSO to FSll) 


where noise passes unattenuated 
to the output. However, due to 


the AD7712's high oversampling ratio, these bands occupy only 
a small fraction of the spectrum and most broadband 
noise is 


ftItered. In any case, because of the high oversampling ratio a 
simple, RC, single pole ftIter is generally sufficient to attenuate 
the signals in these bands on the analog input and thus provide 
adequate antialiasing ftItering. 
• 


ANALOG 
INPuT\FUNCTIONS 
Analo 
Inpufltanges 
T~ 
atiaI 
. puts on the AD7712 provide the user with consid- 


ble ~exibility in terms of analog input voltage ranges. One of 
e rnputs is a 
'fferential, programmable 
gain, input channel 
which 
han 
e either unipolar or bipolar input signals. The 
co 
mode range of this input is from Vss to AV00 pro- 
\'Ided 
at 
e absolute value of the analog input voltage lies be- 
tween 
ss -30 mV and AVoo 
+30 mY. The second analog 
rnput 's a sin 
e-ended, programmable 
gain high level input 
which accepts analog input ranges of 0 to +4 x VREplGAIN or 


x 
imP/GAIN. 


e input sample rate for the part varies as per Table III. For 
the AIN I input, the input sampling capacitance is 15 pF typi- 
cal. The effective input impedance of this AIN I input is 
lIC . fs and this results in a maximum allowable source imped- 
ance of whatever is driving the AINI analog input of 10 kO to 
ensure correct charging of the sampling capacitor. The AIN2 
input is connected to a restive attenuation 
network and has a 
nominal input resistance of 44 kO (see Figure 7). The AIN2 
input should be driven from a low impedance source. 


The dc input leakage current on the AINI input is 10 pA maxi- 
mum at + 25°C. This results in a dc offset voltage developed 
across the source impedance. However, this dc offset effect can 
be compensated for by a combination of the differential input 
capability of the part and its system calibration mode. The dc 
input current on the AIN2 input depends on the input voltage, 
For the nominal input voltage range of ± 10 V, the input cur- 
rent is ±225 •.•.A typo 
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Burn-Out Current 
The AINl( +) input of the AD7712 contains a 100 nA current 
source which can be turned on/off via the control register. This 
current source can be used in checking that a transducer has not 
burnt out or gone open circuit before attempting to take mea- 
surements on that channel. If the current is turned on and is 
allowed flow into the transducer 
and a measurement 
of the input 
voltage on the AINI input is taken, it can indicate that the 
transducer is not functioning correctly. For normal operation, 
this burn-out current is turned off by writing a 0 to the BO bit 
in the control register. 


BipolarlUnipolar 
Inputs 
The two analog inputs on the AD7712 can accept either unipo- 
lar or bipolar input voltage ranges. Bipolar or unipolar options 
are chosen by programming 
the BIU bit of the control register. 


This programs both channels for either unipolar or bipolar oper- 
ation. Programming 
the part for either unipolar or bipolar oper- 
ation does not change any of the input signal conditioning; 
it 
simply changes the data output coding. 


The AINI input channel is differential and, as a result, the volt- 
age to which the unipolar and bipolar signals are referenced is 
the voltage on the AINl( -) input. For example, if AINl( -) is 
+ 1.25 V and the AD7712 is configured for unipolar operation 
with a gain of 1 and a VREF of +2.5 V, the input voltage range 
on the AINl(+) 
input is +1.25 V to +3.75 V. If AINI 
-) i 
+ 1.25 V and the AD7712 is configured for bipolar 
·th 
gain of 1 and a VREF of +2.5 V, the analog' 
u 
the 
AINl(+) 
input is -1.25 
V to +3.75 V. F 
211ii>ut, 
the input signals are referenced to AG 


REFERENCE 
INPUT/OUTPUT 
The AD7712 contains a temperature 
compensated 
5 
refer- 
ence which has an initial tolerance of ±25 mY. This reference 
voltage is provided at the REF OUT pin and it can be used as 
the reference voltage for the part by connecting the REF OUT 
pin to the REF IN( +) pin. This REF OUT pin is a single- 
ended output, 
referenced to AGND, which is capable of provid- 
ing up to 1 mA to an external load. In applications where REF 
OUT is connected directly to REF IN( +), REF IN( -) should 
be tied to AGND to provide the nominal + 2.5 V reference for 
the AD7712. 


The reference inputs of the AD7712, REF IN( +) and 
REF IN( -), 
provide a differential reference input capability. 


The common-mode 
range for these differential inputs is from 
Vss to AV00' 
The nominal differential voltage, VREF (REF 
IN( +) -REF 
IN( - )), is +2.5 V for specified operation, but the 
reference voltage can go to + 5 V with no degradation in perfor- 
mance provided that the absolute value of REF IN( +) and REF 
IN(-) 
does not exceed its AVoo and Vss limits. REF IN(+) 
must always be greater than REF IN(-) for correct operation of 
the AD7712. 


Both reference inputs provide a high impedance, dynamic load 
similar to the AINI analog input. The maximum dc input leak- 
age current is 10 pA (± 1 •.•.A over temperature) 
and source resis- 
tances will result in gain errors on the part. The reference 


inputs are switched capacitor inputs with the input capacitance 
dependent upon the selected gain. For gains of 1 to 8 the input 
capacitance is 20 pF; for a gain of 16 it is 10 pF; for a gain of 
32 it is 5 pF; for a gain of 64 it is 2.5 pF; and for a gain of 128 
it is 1.25 pF. 


The digital ftlter of the AD7712 removes noise from the refer- 
ence input just as it does with the analog input, and the same 
limitations apply regarding lack of noise rejection at integer mul- 
tiples of the sampling frequency. The output noise performance 
outlined in Tables I and II assumes a clean reference. If the ref- 
erence noise in the bandwidth of interest is excessive, it can de- 
grade the performance of the AD7712. Figure 8 shows the noise 
performance of the AD7712's on-board reference. 


BIAS Input 
The VBIAS input determines at what voltage the internal analog 
circuitry is biased. It essentially provides the return path for 
analog currents flowing in the modulator and, as such, it should 
be driven from a low impedance point to minimize errors. 


For maximum internal headroom, the VBIAS voltage should be 
set halfway between AVoo and Vss' The difference between 
AVoo and 
(VBIAS 
+ 0.85 x VREF) 
determines the amount of 
headroom which the circuit has at the upper end while the dif- 
ference between Vss and 
(VSIAS 
-0.85 
x VREF) 
determines the 
amount of headroom the circuit has at the lower end. Care 
should be taken in choosing a VBIAS voltage to ensure that 
VBIAS ±0.85 x VREF does not exceed the AVoo and Vss lim- 
its. For example, with AVoo = +4.75 V, Vss = 0 V and VREF 
= +2.5 V, the allowable range for the VBIAS voltage is 
+2.125 V to +2.625 V. With AVoo = +9.5 V, Vss = 0 V and 
VREF 
= +5 V, the range for VBIAS is +4.25 V to +5.25 V. 


With AVoo = +4.75 V, Vss = -4.75 
V and VREF = +2.5 V, 
the VBIAS range is -2.625 
V to +2.625 V. 
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USING THE AD7712 


SYSTEM 
DESIGN 
CONSIDERATIONS 
The AD7712 operates differently from successive approximation 
ADCs or integrating ADCs. Since it samples the signal continu- 
ously, like a tracking ADC, there is no need for a start convert 
command. The output register is updated at a rate determined 
by the first notch of the fllter and the output can be read at any 
time, either synchronously or asynchronously. 


Clocking 
The AD7712 requires a master clock input, which may be an 
external TTUCMOS 
compatible clock signal applied to the 
MCLK IN pin with the MCLK OUT pin left unconnected. 
Al- 
ternatively, a crystal of the correct frequency can be connected 
between MCLK IN and MCLK OUT, in which case the clock 
circuit will function as a crystal controlled oscillator. For lower 
clock frequencies, a ceramic resonator may be used instead of 
the crystal. For these lower frequency oscillators, external capac- 
itors may be required on either the ceramic resonator or on the 
crystal. 


The input sampling frequency, the modulator sampling fre- 
quency, the - 3 dB frequency, output update rate and calibra- 
tion time are all directly related to the master clock frequ~~y, 
fCLK 
IN' Reducing the master clock frequency by 
facto 
f'2 
will halve the above frequencies and update 
te an 
w' 
do ble 


the calibration time. 


The current drawn from the DV D 
power s 
ply is al 
rectly related to fCLK 
IN' Reducing 
K IN by a11ctor 
2 
ill 
halve the DV DD current but will no affect 
cu' 
nt sitawn 
from the AVDD power supply. 


System Synchronization 
If multiple AD77l2s are operated from a common master clock, 
they can be synchronized to update their output registers simul- 
taneously. A falling edge on the SYNC input resets the fllter 
and places the AD7712 into a consistent, known state. A com- 
mon signal to the AD77l2s' 
SYNC inputs will synchronize their 
operation. This would normally be done after each AD7712 has 
performed its own calibration or has had calibration coefficients 
loaded to it. 


ACCURACY 
Sigma-delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity 
and inherently offer 
no missing codes performance. 
The AD7712 achieves excellent 
linearity by the use of high quality, on-chip silicon dioxide ca- 
pacitors, which have a very low capacitance/voltage coefficient. 
The device also achieves low input drift through the use of 
chopper stabilized techniques in its input stage. To ensure excel- 
lent performance over time and temperature, 
the AD7712 uses 
digital calibration techniques that minimize offset and gain 
error. 


Autocalibration 
Autocalibration 
on the AD7712 removes offset and gain errors 
from the device. A calibration routine should be initiated on the 
device whenever there is a change in the ambient operating tem- 
perature or supply voltage. It should also be initiated if there is 


a change in the selected channel, gain, fllter notch or bipolar! 
unipolar input range. However, if the AD7712 is in its back- 
ground calibration mode, the above changes are all automatically 
taken care of (after the settling time of the fllter has been al- 
lowed for). 


The AD7712 offers self-calibration, 
system calibration and back- 


ground calibration facilities. For calibration to occur on the se- 
lected channel, the on-chip microcontroller 
must record the 
modulator output for two different input conditions. These are 
2 


"zero scale" and "full-scale" points. With these readings, the 
microcontroller 
can calculate the gain slope for the input to out- 
put transfer function of the converter. Internally, 
the part works 
with a resolution of 33 bits to determine its conversion result of 
either 16 bits or 24 bits. 


Self-Calibration 
In the self-calibration mode with a unipolar input range, the 
zero scale point' 
a in determining 
the calibration coefficients 
is AGND and 
e r 
-scale point is VREF' The zero scale coeffi- 
te~ 
by converting an internal AGND node. The 
sc 
roeMcient is determined from the span between this 
GND conversion and a conversion on an internal VREF node. 
he self-eali 
'on mqd.e is invoked by writing the appropriate 
values 0, 
, 1) 0 the MD2, MDI and MOO bits of the control 
I 
this calibration mode, the AGND node is switched 
in to the modulator 
first and a conversion is performed; 
the 
VREF node is then switched in and another conversion is per- 
formed. When 
e calibration sequence is complete, the calibra- 
on 
ffident 
updated and the filter resettled to the analog 
in ut Voltage, the DRDY output goes low. 


or bipolar input ranges in the self-calibrating mode, the se- 


quence is very similar to that just outlined. In this case, the two 
points which the AD7712 calibrates are midscale (bipolar zero) 
and positive full scale. 


System Calibration 
System calibration allows the AD7712 to compensate for system 
gain and offset errors as well as its own internal errors. System 
calibration performs the same slope factor calculations as self- 
calibration but uses voltage values presented by the system to 
the AIN inputs for the zero and full-scale points. System cali- 
bration is a two-step process. The zero scale point must be pre- 
sented to the converter first. It must be applied to the converter 
before the calibration step is initiated and remain stable until the 
step is complete. System calibration is initiated by writing the 
appropriate values (0, 1,0) to the MD2, MDI and MDO bits of 
the control register. The DRDY output from the device will 
signal when the step is complete by going low. After the zero 
scale point is calibrated, the full-scale point is applied and the 
second step of the calibration process is initiated by again writ- 
ing the appropriate values (0, 1, 1) to MD2, MDI and MOO. 
Again the full-scale voltage must be set up before the calibration 
is initiated and it must remain stable throughout 
the calibration 
step. DRDY goes low at the end of this second step to indicate 
that the system calibration is complete. In the unipolar mode, 
the system calibration is performed between the two endpoints 
of the transfer function; in the bipolar mode, it is performed 
between midscale and positive full scale. 
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This two-step system calibration mode offers another feature. 
After the sequence has been completed, additional offset 
calibrations can be performed by themselves to adjust the zero 
reference point to a new system zero reference value. This is 
achieved by performing the first step of the system calibration 
sequence (by writing 0, 1,0 to MD2, MD1, MDO). This will 
adjust the zero scale or offset point but will not change the 
slope factor from what was set during a full system calibration 
sequence. 


System Offset Calibration 
System offset calibration is a variation of both the system cali- 
bration and self-calibration. 
In this case, the zero scale point for 
the system is presented to the AIN input of the converter. 
Sys- 
tem offset calibration is initiated by writing 1, 0, 0 to MD2, 
MDI, 
MDO. The system zero scale coefficient is determined by 
converting the voltage applied to the AIN input, while the full- 
scale coefficient is determined from the span between this AIN 
conversion and a conversion on an internal VREFnode. The zero 
scale point should be applied to the AIN input for the duration 
of the calibration sequence. This is a one-step calibration se- 
quence with DRDY going low when the sequence is completed. 
In the unipolar mode, the system offset calibration is performed 
between the two endpoints of the transfer function; in the 
bipolar mode, it is performed between midscale and positive 
full scale. 


Background 
Calibration 
The AD7712 also offers a background calibratioil mode wliere 
the part interleaves its calibration proced~ 
tb' .ts \l.llrmal 
conversion sequence. In the background catibra 'on mode 
the 
same nodes are used as the calibration pomts as are used in the 
self-calibration mode (i.e., AGND and VREF). 
e background 


calibration mode is invoked by writing 1,0, 
I to MQ~, MDl, 
MDO of the control register. When invoked, the background 
calibration mode reduces the output data rate of the AD7712 by 
a factor of six. Its advantage is that the part is continually per- 
forming calibration and automatically updating its calibration 
coefficients. As a result, the effects of temperature 
drift, supply 
sensitivity and time drift on zero and full scale errors are auto- 
matically removed. When the background calibration mode is 
turned on, the part will remain in this mode until bits MD2, 
MDI and MDO of the control register are changed. 


Table IV summarizes the calibration modes and the calibration 
points associated with them. 


Span and Offset Limits 
Whenever a system calibration mode is used, there are limits on 
the amount of offset and span that can be accommodated. 
The 
range of input span in both the unipolar and bipolar modes for 


the AINI input has a minimum value of 0.8 x VREF/GAIN and 
a maximum value of 2.1 x VRE~GAIN. 
For the AIN2 input, 
these limits are 3.2 x VRE~GAIN and 8.2 x VRE~GAIN. 


The amount of offset that can be accommodated depends on 
whether the unipolar or bipolar mode is being used. In unipolar 
mode, the system calibration modes can handle a maximum off- 
set of 0.25 x VRE~GAIN and a minimum offset of -(1.05 
x 


VRE~GAIN) on the AINI input. This offset range is limited by 
the requirement 
that the positive full-scale calibration limit is 


s 1.05 x VRE~GAIN. Thus, the maximum offset (0.25 x 
VRE~GAIN) plus the minimum span (0.8 x VRE~GAIN) can- 
not exceed 1.05 x VRE~GAIN. 
For AIN2, the maximum and 
minimum limits for offset are VRE~GAIN and -(4.2 
x VRE~ 
GAIN), respectively. 


In the bipolar mode, the system offset calibration range for 
AINI is restricted to ±0.65 
x VRE~GAIN. The span range of 
the converter in bipolar mode is equidistant 
around the voltage 
used for the zero scale point. Therefore, 
the maximum offset 
±(0.65 
x VRE~GAIN 
p-l s half the minimum span ±(0.4 
x 


VRE~GAIN) m 
be les than ±(1.05 
x VRE~GAIN). 
If the 
span is s t to 
x 
RB1oiGA:IN,the input offset carmot move 
moe 
th 
±(O.O 
)( VRE~GAIN) before the endpoints of the 
trIiIISferfunction exceed the input overrange limits ±(1.05 
x 


V~GAIN). 
For 
IN2 
the. system offset calibration range is 
±2.s' x V~GAIN. 


~~.uP 
AND CALmRATION 
Qnpower-uJ;>, JIte,.AD7712 performs an internal reset which sets 
me cOI1{entsof the control register to a known state. However, 
to 
ure 
rr~ 
calibration for the device, a calibration routine 
houl 
be 
ormed after power-up. 


e power dissipation and temperature 
drift of the AD7712 are 
ow and no warm-up time is required before the initial calibra- 
tion is performed. 
However, if an external reference is being 
used, this reference must have stabilized before calibration is 
initiated. 


Drift Considerations 
The AD7712 uses chopper stabilization techniques to minimize 
input offset drift. Charge injection in the analog switches and dc 
leakage currents at the sampling node are the primary sources of 
offset voltage drift in the converter. The dc input leakage cur- 
rent is essentially independent 
of the selected gain but charge 
injection effects will increase with increasing gain. As a result, 
the offset drift numbers will be slightly larger for higher gains. 
Gain drift within the converter depends primarily upon the tem- 
perature tracking of the internal capacitors. It is not affected by 
leakage currents. 


CalType 
MD2,MDI,MDO 
Zero Scale Cal 
Full-Scale 
Cal 
Sequence 


Self-Cal 
0,0, 
I 
AGND 
VREF 
One Step 
System Cal 
0, 1,0 
AIN 
Two Step 
System Cal 
0, I, 1 
AIN 
Two Step 
System Offset Cal 
1,0,0 
AIN 
VREF 
One Step 
Background Cal 
1, 0, 1 
AGND 
VREF 
One Step 
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Measurement 
errors due to offset drift or gain drift can be elimi- 
nated at any time by recalibrating the converter or by operating 
the part in the background calibration mode. Using the system 
calibration mode can also minimize offset and gain errors in the 
signal conditioning circuitry. Integral and differential linearity 
errors are not significantly affected by temperature 
changes. 


POWER SUPPLIES AND GROUNDING 
Since the analog inputs and reference input are differential, 
most of the voltages in the analog modulator are common-mode 
voltages. VBIAS provides the return path for most of the analog 
currents flowing in the analog modulator. 
As a result, the VBIAS 
input should be driven from a low impedance to minimize errors 
due to charging/discharging 
impedances on this line. When the 
internal reference is used as the reference source for the part, 
AGND is the ground return for this reference voltage. 


The analog and digital supplies to the AD7712 are independent 
and separately pinned out to minimize coupling between the 
analog and digital sections of the device. The digital mter will 
provide rejection of broadband noise on the power supplies, ex- 
cept at integer multiples of the modulator sampling frequency. 
The digital supply (DV 00) must never exceed the analog jlOsi- 
tive supply (AVoo) by more than 0.3 V. Power supply-"s uenc- 
ing, therefore, is important. 
If separate analog an 
digi 
supplies are used, care must be taken to ens 
tha 
the)U1 og 
supply is powered up first. If this canno 
be en;;ured, or if 
DVoo can exceed AVoo at any other time, a$chottkytdiode 
should be placed between DV 00 ana AV00' 


DIGITAL 
INTERFACE 
The AD7712's serial communications 
port provides a flexible 
arrangement to allow easy interfacing to industry standard mi- 
croprocessors, 
microcontrollers 
and digital signal processors. A 
serial read to the AD7712 can access data from the output regis- 
ter, the control register or from the calibration registers. A serial 
write to the AD7712 can write data to the control register or the 
calibration registers. 


Two different modes of operation are available, optimized for 
different types of interface where the AD7712 can act either as 
master in the system (it provides the serial clock) or as slave (an 
external serial clock can be provided to the AD7712). These two 
modes, labelled self-clocking mode and external clocking mode, 
are discussed in detail in the following sections. 


Self-Clocking 
Mode 
The AD7712 is configured for its self-clocking mode by tying 
the MODE pin high. In this mode, the AD7712 provides the 
serial clock signal used for the transfer of data to and from the 
AD7712. This self-clocking mode can be used with processors 
that allow an external device to clock their serial port, including 
most digital signal processors and microcontrollers 
such as the 
68HCll 
and 68HC05. It also allows easy interfacing to serial 
parallel conversion circuits in systems with parallel data commu- 
nication, allowing interfacing to 74XX299 Universal Shift regis- 
• 
ters without any additional decoding. In the case of shift 
registers, the serial clock line should have a pull-down resistor 
instead of the pull-up resistor shown in Figure 9 and Figure 10. 


Read Operation 
Data can be read from either the output register, the control 
register or the calibration registers. AO determines whether the 
data read acces 
data from the control register or from the out- 
putlcalibratlon 
registers. This AO signal must remain valid for 
the; duration of me serial read operation. The function of the 
D~Y 
line is dependent only on the output update rate of the 
de 
ce and the reading of the output data register. DRDY only 


goes low when a new data word is available in the output data 
register. It is rcsevhigh when the last bit of data (either 16th bit 
or 24th 
it) is read from the output register. If a new data word 
becomes available to the output register while data is being read 
from the output register, DRDY will not indicate this and the 
new data word will be lost to the user. DRD Y is not affected by 
reading from the control register or the calibration registers. 


Data can only be accessed from the output data register when 
i5R5Y is low. If RFS goes low while DRDY is high, the SCLK 
and SDATA lines will not become active until DRDY goes low. 
When DRDY goes low, the data word will then be output by 
the AD7712. If RFS goes low with DRDY high, no data trans- 
fer will take place until DRDY does go low. Provided RFS stays 
low for long enough, RFS can, in most cases, be brought low at 
any time with the AD7712 clocking the data into the micropro- 
cessor, microcontroller 
or shift register when its clock and data 


lines become active. DRDY does not have any effect on reading 
data from the control register or from the calibration registers. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


••u •...••..au. ".u.•..""ClLCI .l~ 
.l1l;i:lU 
U-Ulll 
un: n.Ulll~ 
m one reaa opera- 
tion. Figure 9b shows a simation where the data is read from 
the AD7712 over a number of read operations. Both read opera- 
tions show a read from the AD7712's output data register. A 
read from the control register or calibration registers is similar 
but in these cases the DRDY line is not related to the read 
function. It can go low at any stage in the read cycle without 
affecting the read and its stams should be ignored. 


Figure 9a shows a read operation to the AD77l2 where RFS 
remains low for the duration of the data word transmission. 
For 
the timing diagram shown, it is assumed that there is~ull 
up 
resistor on the SCLK output. With DRDY low, the RFS input 
is brought low. RFS going low enables the serial clock of the 
AD7712 and also places the MSB of the word on the serial data 
line. All subsequent 
data bits are clocked out on a high to low 
transition of the serial clock and are valid prior to the following 
rising edge of this clock. The [mal active falling edge of SCLK 
clocks out the LSB and this LSB is valid prior to the [mal active 
rising edge of SCLK. Coincident with the next falling edge of 
SCLK, DRDY is reset high. DRDY going high rums off the 


Figure 9b shows a timing diagram for a read operation where 
RFS rerums high during the transmission of the word and re- 
rums low again to access the rest of the data word. As before, 
the waveform for SCLK assumes that there is a pull up resistor 
on this line. Timing parameters and functions are very similar to 
that outlined for Figure 9a, but Figure 9b has a number of addi- 
tional times to show timing relationships when RFS remrns high 
in the middle of transferring a word. 


RFS should rerum high during a low time of SCLK. On the 
rising edge of RFS, the SCLK and SDATA outputs are mrned 
off. DRDY remains low and will remain low until all bits of the 
data word are read from the AD77l2, 
regardless of the number 
of times RFS changes state during the read operation. When 
RFS returns low again, it mrns on the SCLK output and acti- 
vates the SDATA output. The first bit placed on the SDATA 
line after RFS goes low is.me same bit as appeared on the bus 
when RFS went hig . 
the entire word is transmitted, 
the 
DRDY line will 
. h 
. g off the SDATA and SCLK 
lines as per Fi 
e 9"a. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to In writing. 


registers. In either case, the write operation is not affected by 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. 


Figure lOa shows a write operation to the AD7712 with TFS 
remaining low for the duration of the write operation. AO deter- 
mines whether a write operation transfers data to the control 
register or to the calibration registers. This AO signal must re- 
main valid for the duration of the serial write operation. The 
falling edge of TFS enables the internally generated SCLK out- 
put. The serial data to be loaded to the AD7712 must be valid 
on the rising edge of this SCLK signal. Data is clocked into the 
AD7712 on the rising edge of the SCLK signal with the MSB 
transferred first. On the last active rising edge of SCLK, the 
LSB is loaded to the AD77l2. 
Subsequent to the next falling 
edge of SCLK, the SCLK output is turned off. (The timing 
diagram of Figure lOa assumes a pull up resistor on the 
SCLK line.) 


Figure lOb shows a timing diagram for a write operation to the 
AD7712 with TFS returning high during the write operation 
and returning low again to write the rest of the data wor, • 


• 
•• 
~ 
•• 
_ 
•••.•••• 
""-J 
.•..•• 
..., 
••• 
~ 
•.••••••••.••.• 
UUJ.J.e; 
paJ.a.1u.I;;L~J.~ i:UJ.Ulwn;uuns 
are 


very similar to that outlined for Figure lOa but Figure lOb has a 
number of additional times to show timing relationships when 
TFS returns high in the middle of transferring 
a word. 


The falling edge of TFS again initiates the SCLK output and 
data to be loaded to the AD7712 must be valid prior to the ris- 
ing edge of this SCLK signal. The rising edge of TFS turns off 
the SCLK output. TFS should rerurn high during the low time 
of SCLK. When TFS returns low again, it turns on the SCLK 
• 
output. When all data bits have been written to the device, the 
SCLK output is turned off as per Figure lOa. 


External Clocking Mode 
The AD7712 is configured for its external clocking mode by 
tying the MODE pin low. In this mode, SCLK of the AD7712 
is configured as an ihput and an external serial clock must be 
provided to 
.s 
LK pin. This external clocking mode is de- 
signed 
or dir.ett interface to systems which provide a serial 
clock 
utpu 
ilia' is synchronized to the serial data output, in- 
cluding microcontrollers 
such as the 8OCS1, 87CS1, 68HCll 
and 
68 
COS and 
ost digital signal processors. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise 
agreed to in writing. 


Read Operation 
Figures lIa and 11b show timing diagrams for reading from the 
AD7712 in the external clocking mode. Figure lIa shows a situ- 
ation where all the data is read from the AD7712 in one read 
operation. Figure lib shows a situation where the data is read 
from the AD7712 over a number of read operations. 


As with the self-clocking mode, data can be read from either the 
output register, the control register or the calibration registers. 
AOdetermines whether the data read accesses data from the con- 
trol register or from the output/calibration 
registers. This AO 
signal must remain valid for the duration of the serial read oper- 
ation. The function of the DRDY line is dependent only on the 
output update rate of the device and the reading of the output 
data register. DRDY only goes low when a new data word is 
available in the output data register. It is reset high when the 
last bit of data (either 16th bit or 24th bit) is read from the out- 
put register. If a new data word becomes available to the output 
register while data is being read from the output register, 
DRDY will not indicate this and the new data word will be lost 
to the user. DRDY is not affected by reading from the control 
register or the calibration register. 


Data can only be accessed from the output data register when 
DRDY is low. If RFS goes low while DRDY is high, the 
SDATA line will not become active until DRDY goes low. In 


this external clocking mode, an external clock is applied to the 
SCLK input. The receiving device (microprocessor 
or microcon- 
troller) expects to see valid data on edges of this SCLK signal. 
However, with DRDY high SDATA is not active and no data is 
transmitted. 
DRDY does not have any effect on reading data 
from the control register or from the calibration registers. 


Figure lIa shows a read operation to the AD7712 where RFS 
remains low for the duration of the data word transmission. 
With DRDY low, the RFS input is brought low. The input 
SCLK signal should be low between read and write operations. 
RFS going low places the MSB of the word to be read on the 
serial data line. All subsequent data bits are clocked out on a 
high to low transition of the serial clock and are valid prior to 
the following rising edge of this clock. The penultimate falling 
edge of SCLK clocks out the LSB and the fmal falling edge re- 
sets the DRDY line high. This rising edge of DRDY turns off 
the serial data output. 


Figure 11b shows a timing diagram for a read operation where 
RFS retums high d 
. 
the transmission of the word and re- 
tums low again to access die rest of the data word. Timing pa- 
rameters aner' unction," are very similar to that outlined for 
Figure fia but Figure II b has a number of additional times to 
show timmg relationships when RFS retums high in the middle 
of transferring 
a wo 
. 
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RFS should return high during a low time of SCLK. On the 
rising edge of RFS, the SDATA output is turned off. DRDY 
remains low and will remain low until all bits of the data word 
are read from the AD7712, regardless of the number of times 
RFS changes state during the read operation. When RFS re- 
turns low again, it activates the SDATA output and places the 
next bit of the data word on the SDATA output. When the en- 
tire word is transmitted, 
the DRDY line will go high, turning 
off the SDATA output as per Figure lIa. 


Write Operation 
Data can be written to either the control register or calibration 
registers. In either case, the write operation is not affected by 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. 


Figure 12a shows a write operation to the AD7712 with TFS 
remaining low for the duration of the write operation. 
AD deter- 
mines whether a write operation transfers data to the control 
register or to the calibration registers. This AD signal must re- 
main valid for the duration of the serial write operation. As be- 
fore, the serial clock line should be low between read and write 
operations. The serial data to be loaded to the AD7712 must be- 
valid on the high level of the externally applied SCLK si~. 
Data is clocked into the AD7712 on the high level of this 
K 
signal with the MSB transferred first. On the laSt i\Ctive srog 
edge of SCLK, the LSB is loaded to the.AD77U. 


Figure 12b shows a timing diagram for a write operation to the 
AD7712 with TFS returning high during the write operation 
and returning low again to write the rest of the data word. Tim- 
ing parameters and functions are very similar to that outlined 
for Figure 12a, but Figure 12b has a number of additional times 
to show timing relationships when TFS returns high in the mid- 
dle of transferring a word. 


Data to be loaded to the AD7712 must be valid prior to the ris- 
ing edge of the SCLK signal. TFS should return high during 
• 
the low time of SCLK . After TFS returns low again, the next 
bit of the data word to be loaded to the AD7712 is clocked in 
on next high level of the SCLK input. On the last active rising 
edge of the SCLK input, the LSB is loaded to the AD7712. 


SIMPLIFYING 
THE INTERFACE 
In some applications, 
the user may not require the facility of 
writing to the 0 •••hip calibration registers. In this case, the se- 
rial interfaee to the AD7712 can be simplified by connecting the 
TFS lffi to the 
0 input of the AD77l2. 
This means that any 
write to 
.de ice will load data to the control register (since 
A 
is l\lw while 1;FS is low) and any read to the device will ac- 
cess data from the output data register or from the calibration 
regist 
since:A 
i 
'gh while RFS is low). It should be noted 
a . 
thi 
rrangement the user does not have the capability of 
rom the control register. 
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Figure 
12b. External 
Clocking 
Mode, 
Control/Calibration 
Register 
Write 
Operation 
(TFS Returns 
High During 
Write 
Operation) 
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FEATURES 
Charge Balancing ADC 
21 Bits No Missing Codes 
±O.OO15%Nonlinearity 
Three-Channel 
Programmable 
Gain Front End 
Gains from 1 to 128 
Two Differential 
Inputs 
One Single Ended High Voltage Input 
Low-Pass Filter with 
Programmable 
Filter Cutoffs 
Ability 
to Read/Write 
Calibration 
Coefficients 
RTD Excitation 
Current Sources 
Bidirectional 
Mlcrocontroller 
Serial Interface 
Single Supply Operation 
Low Power (3.5 mW typ) with 
Power-Down 
Mode 
(351-'Wtyp) 


APPUCATIONS 
Loop Powered (Smart) Transmitters 
RTD Transducers 
Process Control 
Portable Industrial 
Instruments d~ 


GENERAL 
DESCRIPTION 
I~ 


The AD7713 is a complete analog 
t en 
I 
measurement 
applications. The device accepts low 
si 


directly from a transducer 
or high level signals 
_4 x VREF) 


and outputs a serial digital word. It employs a sigma-delta con 
venion technique to reaJize up to 21 bits of no missing codes 
performance. 
The input signal is applied to a proprietary 
pro- 
grammable gain front end based around an analog modulator. 
The modulator output is processed by an on-chip digital ftIter. 
The fIrst notch of this digital ftIter can be programmed via the 
on-ehip control register allowing adjustment of the ftIter cutoff 
and settling time. 


The part features two differential analog inputs and one single- 
ended high level analog input as well as a differential reference 
input. It can be operated from a single supply (AVDD and 
DVDD at +5 V). The part provides two current sources which 
can be used to provide excitation in three-wire and four-wire 
RTD confIgurations. 
The AD7713 thus performs all signal con- 
ditioning and conversion for a single, dual or three-ehannel 
system. 


The AD7713 is ideal for use in smart, microcontroller-based 
systems. Gain settings, signal polarity and RTD current control 
can be confIgured in software using the bidirectional serial port. 
The AD7713 contains self-calibration, 
system calibration and 
background calibration options and also allows the user to read 
and to write the on-chip calibration registers. 


• 


AIN1(.) 


AlNl(-) 


AIN2(.) 
MCLK 
IN 


MCLK 
OUT 


MO 
onstruction ensures very low power dissipation and a 
are programmable 
power-down mode reduces the standby 


wer consumption 
to only 35 lLW. The part is available in a 
24-pin, 0.3 inch wide, plastic and hermetic dual-in-line package 
(DIP) as well as a 24-lead small outline (SOle) 
package. 


PRODUCT 
HIGHLIGHTS 
I. The AD7713 consumes less than I mA in total supply cur- 
rent, making it ideal for use in loop-powered systems. 


2. The low level programmable 
gain channels allow the AD7713 


to accept input signals directly from a transducer, 
removing a 


considerable amount of signal conditioning. 
To maximize the 
flexibility of the part, the high level analog input accepts 
±4 x VRE~GAIN signals. On-chip current sources provide 
excitation for three-wire and four-wire RTD confIgurations. 


3. No Missing Codes ensures true, usable, 21-bit dynamic range 


coupled with excellent ±0.OOI5% accuracy. The effects of 
temperature 
drift are eliminated by on-chip self-calibration, 


which removes zero-scale and full-scale errors. 


4. The AD7713 is ideal for microcontroller 
or DSP processor 
applications with an on-chip control register which allows 
control over ftIter cutoff, input gain, signal polarity and cali- 
bration modes. The AD7713 allows the user to read and to 
write the on-chip calibration registers. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise 
agreed to in writing. 


(AVoo= +5 V to +10 V; DVoo= +5 V; REF IN(+) 
= +2.5 V; REF IN(-) 


AD7713 
SPECIFICA'TIONS 
= AGND;MCLKIN ~ 2 MHz, unless otherwise stated. All specifications TM1N to 
-- 
'" 
TMAX' unless otherwise noted.) 


This information 
applies to a product 
under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 


Analog 
Devices assumes no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 


AD7713 


Parameter 
A, S Versions 
Units 
Conditions/Comments 


RTD EXCITATION 
CURRENTS 
(RTDl, 
RTD2) 


Output 
Current 
200 
!LAnom 
Initial Tolerance 
±20 
%max 
Drift 
35 
ppmJOC typ 
Line Regulation 
(AVDD) 
200 
nNVmax 
Load Regulation 
200 
nNVmax 


SYSTEM CALIBRATION 
AINI, 
AIN2 
• 


Positive Full-Scale Calibration 
Limit" 
(1.05 x VREP)/GAIN 
Vmax 
GAIN Is the Selected PGA Gain (Between I and 128) 


Negative Full-Scale Calibration 
Limit" 
-(1.05 
x VREF)/GAIN 
Vmax 
GAIN Is the Selected PGA Gain (Between I and 128) 


Offset Calibration Limit'" 
" 
-(1.05 
x VREP)/GAIN 
Vmax 
GAIN Is the Selected PGA Gain (Between I and 128) 


Input 
Span" 
0.8 x VRE,.JGAIN 
Vmin 
GAIN Is the Selected PGA Gain (Between I and 128) 
(2.1 x VREP)/GAIN 
Vmax 
GAIN Is the Selected PGA Gain (Between 
I and 128) 


AIN3 
Positive Full-Scale Calibration 
Limit" 
(4.2 x VREP)/GAIN 
GAIN Is the Selected PGA Gain (Between 
I and 128) 


Negative Full-Scale Calibration 
Limit" 
-(4.2 
x VREP)/GAIN 
GAIN Is 1I1eSelected PGA Gain (Between I and 128) 


Offset Calibration 
Limit" 
-(4.2 
x VREP)/GAIN 
G 
the Selected PGA Gain (Between I and 128) 


Input Span 
3.2 x VRE,.JGAIN 
GAIN Is Ibe Selected PGA Gain (Between 
I and 128) 
(8,4 x VREP)/GAIN 
AIN Is the Selected PGA Gain (Between I and 128) 


POWER 
REQUIREMENTS 
Power Supply Voltages 
AVDD Voltage 
DVDD Voltage 
Power Supply Currents 
AVDD Current 
DVDD Current 
Ca.I< IN = 
IMHz 
DVDD Current 
~IN 
= 
2MHz 
Power Supply Rejection" 
Rejection w.r.t. 
AGND 


(AVDD) 


Power Dissipation 
Normal Mode 
AVDD = DVDD = +5 V, fCLI<IN = I MHz; 
Typically 3.5 mW 
Standby (Power-Down) 
Mode 
50 
.,.Wmax 
AVDD = DVDD = +5 V; Typically 35 .,.W 


NOTES 
'Temperature 
ranges are as follows: A Version: -4Q°C to +8SoC; S Version: -55°C to + 125"C. 
'Applies after calibration at the temperature of interest. 
'Positive full-scale error applies to both unipolar and bipolar input ranges. 
+rhese errors will be of the order of the output noise of the part as shown in Table I. 
'Recalibration at any temperature or use of the background calibration mode will remove these drift errors. These numbers are guaranteed by design and/or 
characterization. 
"These numbers are guaranteed by design and/or characterization. 
'The AINI and AIN2 analog inputs present a very high impedance dynamic load which varies with clock frequency and input sample rate. The maximum 
recommended 
source resistance is 10 kn. 


'VREP = REF IN(+) 
- REF IN(-). 
"This common-mode voltage range is allowed provided that the absolute value of the input voltage does not exceed AVDD + 30 mV and AGND - 30 mY. 
IOSample tested at +25°C to ensure compliance. 


11After calibration, if the analog input exceeds positive full scale, the converter will output all is. If the analog input is less than negative full scale, then the 
device will output all Os. 
"These calibration and span limits apply provided the absolute voltage on the analog inputs does not exceed AVDD or go more negative than AGND - 30 mY. 
"The offset calibration limit applies to both the unipolar zero point and the bipolar zero point. 
'·Measured at dc and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with filter notches of 2, 5, 10, 25 or 50 Hz. PSRR at 60 Hz will 
exceed 120 dB with filter notches of 2, 6, 10, 30 or 60 Hz. 


This information 
applies to a product 
under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 


Analog 
Devices assumes no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 


Control Register (24-Bits) 
A write to the device with AO low writes data to the control register. A read to the device with the AO pin low accesses the contents 
of the control register. 


Operating 
Mode 
MD2 
MDl 
o 
0 


MDO 
o 


Operating 
Mode 


Normal Mode. This is the normal mode of operation of the device whereby a read to the device with AO 
high accesses data from the data register. This is the default condition of these bits after the internal 
power-on reset. 


Activate Self-Calibration. This activates self-calibration on the channel selected by CHO and CHI. This 
is a one-step calibration sequence and when complete, the part returns to Normal Mode. For this cali- 
bration type, the zero-scale calibration is done internally on AGND and the full-scale calibration is done 
internally on VREP' 


Activate System Calibration. This activates system calibratioIL 
channel selected by CHO and CHI. 


This is a two-step calibration sequence, with the zero-scal 
ra 
done first on the selected input 
channel and DRDY indicating when this zero-scale 
. ra 'on' 
complete. The part returns to Normal 
Mode at the end of this first step in the two 
1l:qu 


Activate System Calibration. This i 
se 
d stepo'of the 
yste 
calibration being performed on 
e 
Cd tDput c 
d. When 
returns to Normal Mode 


Activate Syste 
n. This a tl 
tes 
stem-offset calibration on the channel selected by 


CHO and CH 
n sequence and when complete the part returns to Normal 
Mode. Fo 
'bration tYpe,\the ze 0- 
e calib11ltioA 
one on the selected input channel and the 
full-scale 
on VREP' 


Activate Background 
·bryion. 
This lICtivates aCKground calibration on the channel selected by CHO 
and CHI. If the back~d 
calibratro 
mode is on, then the AD7713 provides continuous self- 
calibration of the reference and AGND. 
.s calibration takes place as part of the conversion sequence, 
extending the conversion time and reducing the word rate by a factor of six. Its major advantage is that 
the user does not have to worry about recalibrating the device when there is a change in the ambient 
temperature. 
In this mode, AGND and VREP, as well as the analog input voltage, are continuously mon- 


itored and the calibration registers of the device are updated, 
if necessary. 


Read/Write Zero-Scale Calibration Coefficients. A read to the device with AO high accesses the contents 
of the zero-scale calibration coefficients of the channel selected by CHO and CHI. A write to the device 
with AO high writes data to the zero-scale calibration coefficients of the channel selected by CHO and 
CHI. The word length for reading and writing these coefficients is 24 bits, regardless of the status of 
the WL bit of the control register. Note, AIN2 and AIN3 share calibration coefficients. 


Read/Write Full-Scale Calibration Coefficients. A read to the device with AO high accesses the contents 
of the full-scale calibration coefficients of the channel selected by CHO and CHI. A write to the device 
with AO high writes data to the full-scale calibration coefficients of the channel selected by CHO and 
CHI. The word length for reading and writing these coefficients is 24 bits, regardless of the status of 
the WL bit of the control register. Note, AIN2 and AIN3 share calibration coefficients. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
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Filter Selection 
(FSll-FSO) 
The on-chip digital filter provides a Sinc' (or (Sinxlx)') filter 
response. The 12 bits of data programmed 
into these bits deter- 
mine the filter cutoff frequency, the position of the fIrst notch 
of the filter and the data rate for the part. In association with 
the gain selection, it also determines the output noise (and hence 
the effective resolution) of the device. 


The fIrst notch of the filter occurs at a frequency determined 
by 
the relationship: filter fIrst notch frequency = (fcLKIN/512)/ 
code where code is the decimal equivalent of the code in bits FSO 
to FSII 
and is in the range 19 to 2,000. With the nominal 
fCLKIN of 2 MHz, this results in a fltst notch frequency range 
from 1.952 Hz to 205.59 Hz. To ensure correct operation of the 
(Default Condition after the internal 
AD77I3, the value of the code loaded to these bits must be 
power-on reset) 
within this range. Failure to do this will result in unspecifled 
o 
I 
AIN2 
operation of the de ·ce. 


I 
0 
AIN3 
Changing the 
notch frequency, as well as the selected gain, 


W rei Le gth 
impacts reso 
n. 
bles I and II show the effect of the filter 
~ 
Ou n 
W rei Le gth 
D tcli 
uency..and gain on the effective resolution of the 
o 
16 :ut 
oeD~ uln Co di' 
af 
. 
rnaI 
'" 
7i • lfh 
output data rate (or effective conversion time) for 
- It 
eat 
n 
non 
ter mte 
power-o~n 
,:~ 
'ce is eq 
to the frequency selected for the f1rst notch 
I 
24-B' 
reset) 
~, 
the fi er. 
Ie, if the fIrst notch of the filter is se- 
It 
Ie 
at 
0 
z, 
en a new word is available at a 10 Hz rate or 
RTD Excitation 
Currents 
s: If the fltst notch is at 200 Hz, a new word is 
RO 
!vail 
Ie every 5 ms. 
o 
Off 
(Default Conditio 
e settliiig time of the filter to a full-scale step input change is 
I 
On 
w 
case 
e data rate. For example, with the fltst filter 
Burn-out Current 
tcl:i 
I 
Hz, the settling time of the filter to a full-scale step 
BO 
c ange is 400 ms max. If the fltst notch is at 200 Hz, the 
o 
Off 
settling time of the filter to a full-scale input step is 20 ms max. 


I 
On 
The - 3 dB frequency is determined 
by the programmed 
fltst 
notch frequency according to the relationship: 
filter - 3 dB fre- 
quency = 0.262 x fIrst notch frequency. 


PGAGain 
G2 
GI 
GO Gain 
000 
I 


Channel Selection 
CHI 
CHO Channel 
o 
0 
AINI 


(Default Condition after the internal 
power-on reset) 
• 


Bipolar 
Unipolar 


BipolarlUnipolar 
Selection 
(Both Inputs) 
BIU 
o 
I 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


Table I shows the output rms noise for some typical notch and 
- 3 dB frequencies. The numbers given are for the bipolar input 
ranges with a VREP of +2.5 V. The numbers in Table I are 
guaranteed by a combination of testing, characterization 
and 
design. The output noise from the part comes from two sources: 
the quantization 
noise from the analog-to-digital conversion pro- 
cess, and device noise. Device noise is independent 
of gain and 
is essentially flat across the frequency spectrum. 
Quantization 
noise is ratiometric to the input full scale (and hence gain) and 
its frequency response is shaped by the modulator. 


Looking at Table I, as the cutoff frequency increases, the out- 
put noise increases because more of the quantization 
noise of the 
part comes through to the output. Hence, the output noise in- 
creases with increasing - 3 dB frequencies. For the lower notch 
settings, the output noise is dominated by the device noise and, 


First Notch of 
Filter and OIP 
Data Ratel 
-3 dB 
Frequency 


hence, altering the gain has little effect on the output noise. At 
higher notch frequencies, the quantization 
noise dominates the 
output noise and, in this case, the output noise tends to decrease 
with increasing gain. 


Since the output noise comes from two sources, the effective 
resolution of the device (i.e., the ratio of the output rms noise to 
the input full scale) does not remain constant with increasing 
gain or with increasing bandwidth. 
Table II shows the same ta- 
ble as Table I except that the output is now expressed in terms 
of effective resolution (the magnitude of the rms noise with re- 
spect to 2 x VREP/GAIN, i.e., the input full scale). It is possi- 
ble to do post mtering on the device to improve the output data 
rate for a given - 3 dB frequency and also to further reduce the 
output noise (see DIGITAL 
FILTERING 
section). 


GAIN of 
1 
1.7 
3.4 
3.4 
9.5 
13.5 
54 
432 
2.4 x 10' 
13.8 X 10' 


GAIN of 
64 


0.42 
0.60 
0.60 
0.84 
0.84 
1.7 
6.7 
38 
216 


GAIN of 
128 


0.42 
0.60 
0.60 
0.84 
0.84 
1.2 
4.8 
19 
108 


2 Hz' 
5 Hz' 
6 Hz' 
10 Hz' 
12 Hz2 
20 Hz3 
50 Hz3 


100 Hz' 
200 Hz3 


NOTES 
'The default condition (after the internal power-on reset) for the first notch of fdru is 12 H2. 
2For these mter notch frequencies, the output rms noise is primarily independent of the value of the reference voltage. Therefore, increasing the reference volt- 
age will give an increase in the effective resolution of the device (i.e. the ratio of the rms noise to the input full-scale is increased since the output rms noise 
remains constant as the input full-scale increases). 
lFor these mter notch frequencies, 
the output rms noise is proportional to the value of the reference voltage. 


0.52 Hz 
1.31 Hz 
1.57 Hz 
2.62 Hz 
3.14 Hz 
5.24 Hz 
13.1 Hz 
26.2 Hz 
52.4 Hz 


First Notch of 
EFFECTIVE 
RESOLUTION1 
(Bits) 
Filter and OIP 
3dB 
GAIN of 
GAIN of 
GAIN of 
GAIN of 
GAIN of 
GAIN of 
GAIN of 
GAIN of 
Data Rate 
Frequency 
1 
2 
4 
8 
16 
32 
64 
128 
2Hz 
0.52 Hz 
21.5 
21.5 
21 
20.5 
19.5 
18.5 
17.5 
16.5 
5 Hz 
1.31 Hz 
20.5 
20.5 
20 
20 
19 
18 
17 
16 
6 Hz 
1.57 Hz 
20.5 
20 
20 
19.5 
18.5 
18 
17 
16 
10 Hz 
2.62 Hz 
19 
19 
19 
18.5 
18 
17.5 
16.5 
15.5 
12 Hz 
3.14 Hz 
18.5 
18.5 
18.5 
18.5 
18 
17 
16.5 
15.5 
20 Hz 
5.24 Hz 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
15.5 
15 
50 Hz 
13.1 Hz 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13 
100 Hz 
26.2 Hz 
11 
11 
11 
11 
11 
11 
11 
11 
200 Hz 
52.4 Hz 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 


NOTE 
'Effective Resolution is defmed as the magnitude if the output nns noise to the input full-scale (i.e., 2 x VRE"IGAlN). The above table applies for a VREFof 
+2.5 V and resolution numbers are rounded to the nearest 0.5 LSB. 


This information applies to a product under development. 
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and specifications 
are subject to change without notice. 
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unless otherwise agreed to in writing. 


Pin 
Mnemonic 


1 
SCLK 


2 
MCLKIN 


3 
MCLKOUT 


4 
AO 


5 
SYNC 


6 
MODE 


7 
AINl(+) 


8 
AINl(-) 


9 
AIN2(+) 


10 
AIN2(-) 


11 
STANDBY 


12 
AVoo 
13 
RTDl 


14 
REF IN(-) 


15 
REF IN(+) 


16 
RTD2 


17 
AIN3 


18 
AGND 
19 
TFS 


20 
RFS 


21 
DRDY 


Function 


Serial Clock. Logic input/output 
depending on the status of the MODE pin. When MODE is high, the device 


is in its self-elocking mode and the SCLK pin provides a serial clock output. This SCLK becomes active when 
RFS or TFS goes low and it goes high impedance when either RFS or TFS returns high or when the device 
has completed transmission of an output word. When MODE is low, the device is in its external clocking 
mode and the SCLK pin acts as an input. This input serial clock can be a continuous clock with all data being 
transmitted 
in a continuous train of pulses. Alternatively, 
it can be a noncontinuous 
clock with the information 
being transmitted 
to the AD7713 in smaller batches of data. 


Master Clock signal for the device. This can be provided in the form of a crystal or external clock. A crystal 
can be tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can be driven with 
a CMOS-compatible 
clock and MCLK OUT left unconnected. 
The clock input frequency is nominally 


2 MHz. 
When the master clock for the device is a crystal, the crystal is connected between MCLK IN and MCLK 
OUT. 
Address Input. With this input low, reading and writing to th 
.ce is to the control register. With this 


input high, access is to either the data register or the 
. n r~sters. 


Logic Input which allows for synchronization 
of 
rePs when using a number of AD7713s. It resets 
the nodes of the digital fJlter. 
Logic Input. When this pin is high, the"d 
. 


its external clocking mode. 
Analog Input Channel l. 
input is connected to 
burnt out or ha 
Analog In 


Analog Inp 
Channel 2. 


Analog Input ChllllDe 
. 
Logic Input. Taking 
ow shti 
do 
consumption to less than 50 11W. 
Analog Positive Supply Voltage, +5 V to + 10 V. 
Constant Current Output. 
A nominal 200 IJ.Aconstant current is provided at this pin and this can be used as 


the excitation current for RTDs. This current can be turned on or off via the control register. 
Reference Input. The REF IN(-) 
can lie anywhere between AVoo and AGND provided REF IN(+) 
is 


greater than REF IN( -). 
Reference Input. The reference input is differential with the proviso that REF IN( +) must be greater than 
REF IN(-). 
REF IN(+) 
can lie anywhere between AVoo and AGND. 
Constant Current Output. 
A nominal 200 IJ.Aconstant current is provided at this pin and this can be used as 


the excitation current for RTDs. This current can be turned on or off via the control register. This second 
current can be used to eliminate lead resistance errors in three-wire RTD configurations. 
Analog Input Channel 3. High level analog input which accepts an analog input voltage range of 
±4 x VREplGAIN. At the nominal VREF of +2.5 V and a gain of 1, the AIN3 input voltage range is ±10 V. 
Ground Reference Point for Analog Circuitry. 


Transmit 
Frame Synchronization. 
Active low logic input used to write serial data to the device with serial data 
expected after the falling edge of this pulse. In the Self-Clocking mode, the serial clock becomes active after 
TFS goes low. In the External Clocking mode, TFS must go low before the first bit of the data word is 
written to the part. 


Receive Frame Synchronization. 
Active low logic input used to access serial data from the device. In the 
self-clocking mode, the SCLK and SDATA lines both become active after RFS goes low. In the external 
clocking mode, the SDATA line becomes active after RFS goes low. 
Logic Output. 
A falling edge indicates a new output word is available for transmission. 
The DRDY pin will 
return high upon completion of transmission of a full output word. DRDY is also used to indicate when the 
AD7713 has completed its on-chip calibration sequence. 


• 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
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Pin 
Mnemonic 


22 
SDATA 


Function 


Serial Data. Input/Output 
with serial data being written to either the control register or the calibration 
registers and serial data being accessed from the control register, calibration registers or the data register. 
During a read operation, serial data becomes active after RFS goes low. During a write operation, valid serial 
data is expected on the rising edges of SCLK when TFS is low. 
Digital Supply Voltage, +5 V. DVDD should never exceed AVDD by more than 0.3 V. If DVDD powers up 
before AVDD or if DV DD can exceed AVDD by more than 0.3 V at any other time, a Schottky diode should 
be placed between the two pins. 
Ground Reference Point for Digital Circuitry. 


PIN CONFIGURATION 


DIP and SOIC 


Gain 
Input Sampling Freq (FS) 


fCLK IN /512 (4 
@ fCLK IN = 2 MHz) 


2 x fCbK INI~1 (8 kHz @ fCLK IN = 2 MHz) 
4 <X fdLK 
12 (16 kHz @ fCLK IN = 2 MHz) 


4 X feu< IN 512 {32 kHz @ fCLK IN = 2 MHz) 


4 x (CLK IN/S12 
2 kHz @ fCLK IN = 2 MHz) 


4 x fCLKIN!S12 (:32 KHz @ fCLK IN = 2 MHz) 


~ 
foLK IN/S12 (32 kHz @ fCLK IN = 2 MHz) 


lit 
LK IN/512 (32 kHz @ fCLK IN = 2 MHz) 


STANDBY 


AVDD 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 


IIlIIIIIII ANALOG 
WDEVICES 


I 


LC2MOS 
High Speed 1-, 4- & a-Channell O-Bit ADCs 


AD7776/AD7777/AD777a* 
I 


FEATURES 
AD7776: Single Channel 
AD7777: 4-Channel 
AD7778: 8·Channel 
Fast 10·Bit 1.75 j.LS ADC 
+5V 
Only 
Reference Conversion Option 
Fast Interface Port 
Power·Down Mode 


GENERAL DESCRIPTION 
The AD7776, AD7777 and AD7778 are a family of high speed 
multichannel, 
lO-bit ADCs primarily intended for use in RIW 
head positioning servos found in high density hard disc 
·v. 


They have unique input signal conditioning featur 
which~e 


them ideal for use in such single supply app .cations. 


By setting a bit in a control register wi 
the four- 


channel version, AD7777, and eight-c 
el. 
rsion, ADm~ 
the input channels can either be independently 
sample 
r any 


two channels of choice can be simultaneously sam 
ed. 
Or'all 


versions an input signal of the form VBIAS ± VSWING 
is ex- 
pected. The voltage VBIAS is the offset of the AOC's midpoin 
code from ground and is supplied either by an onboard refer- 
ence available to the user (REFOUT) 
or by an external voltage 
reference applied to REFIN. 
The full-scale range (FSR) of the 
AOC is equal to 2VSWING 
where VSWING 
is nominally equal to 
REFIN/2. 
Additionally, when placed in the Calibration Mode, 


the value of REFIN 
is convened. 
This allows the channel off- 


set(s) to be measured. 


Control register loading and AOC register reading, channel se- 
lect and conversion stan are under the control of the •.•.P. The 
two's complemented 
coded AOCs are easily interfaced to a stan- 
dard 16-bit MPU bus via their IO-bit data pon and standard 
microprocessor control lines. 


They are fabricated in linear compatible CMOS (LC2CMOS), 
an 
advanced, mixed technology process that combines precision 
bipolar circuits with low power CMOS logic. The AD7776 is 
available in both 24-pin DIP and 24-pin SOIC packages; the 
AD7777 is available in both 28-pin DIP and 28-pin SOIC pack- 
ages; the AD7778 is available in a 44-pin PQFP package. 


• 


APPUCATIONS 
HOD Servos 
Instrumentation 


This information applies to a product under development. 
Its characteristics 
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are subject to change without notice. 
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.•..., 
&UJ 
•••• 
UDII-UDY 
l'uncboD/l;Qmments 


I 
X 
X 
HIGH 
Data Port High Impedance 


0 
I 
0 
CR Data 
Load Control Register (CR) data to Control Register and start a conversion. The contents of 
the Control Register are described below. 


0 
0 
I 
ADC Data 
ADC data placed on data bus. Depending upon location CR6 of the Control Register, one or 
two Read instructions will be required: 
If CR6 is Low (i.e., single channel conversion 
selected), a Read instruction returns the conversion data for the channel previously selected by 
CRO-CR2; If CR6 is High (i.e., simultaneous sampling (double conversion) selected), the first 
Read instruction returns the conversion data for the channel previously selected by CRO-CR2. 
A second Read instruction returns the conversion data for the channel previously selected by 
CR~RS. 


CONTROL 
REGISTER 
CONTENTS 
CRO-CR2: 
Channel Address locations. Determines which chan- 
nel will be selected and converted for single channel operation. 
For simultaneous sampling operation, CRO-CR2 holds the ad- 
dress of one of the two channels to be sampled. 


CR7: Determines whether the device is in the Normal Operat- 
ing mode or in the Calibration mode: 


CR2 
CRl 
CRO 
Function 


0 
0 
0 
0 
0 
I 
0 
I 
0 
0 
I 
I 
I 
0 
0 
I 
0 
I 
I 
I 
0 
I 
I 
I 


Function 


al Operating Mode 
ration Mode 


Normal Operating Mode 
Power-Down Mode 
CR3-CRS: 
Channel Address locations. Only applica Ie 
simultaneous sampling when CR~RS 
holds the ad 
ess of the 
second channel to be sampled. 


CRS 
CR4 
CR3 
Function 


0 
0 
0 
Select AmI 
0 
0 
I 
Select Am2 
0 
I 
0 
Select A1N3 
0 
I 
I 
Select Am4 
I 
0 
0 
Select AmS 
I 
0 
I 
Select AIN6 
I 
I 
0 
Select Am7 
I 
I 
I 
Select Am8 


9. Determines whether BUSYIINT output flag goes Low 
and remains Low during conversion(s) or else goes Low and 
remains Low after the conversion(s) is (are) complete. 


CR6: Determines whether operation is on a single channel or 
simultaneous sampling on two channels. 


CR6 
Function 
o 
Single channel operation. Channel select 
address is contained in locations CRO-CR2. 
Two channels simultaneously sampled 
and sequentially converted. Channel 
select addresses contained in locations 
CRO-CR2 and CR~RS. 


This information applies to a product under development. 
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AD7820 


FEATURES 
Fest Conversion 
Time: 
1.36 ••.• max 
Built-In 
Treck-end-Hold 
Function 
No Missed 
Codes 
No User Trims 
Required 
Single 
+ 5V Supply 
Retiometric 
Operetion 
No Externel 
Clock 
Extended 
Tempereture 
Renge 
Operetion 
Skinny 
2G-Pin DIP, SOle 
end 2G-Termine' 
Surfece 
Mount 
Peckeges 


GENERAL DESCRIPTION 
The AD7820 is a high speed, microprocessor-compatible 
8-bit 
analog-to-digital converter which uses a half-flash conversion 
technique to achieve a conversion time of 1.36•.•.s. The converter 
has a OV to + 5V analog input voltage range with a single + 5V 
supply. 


The half-flash technique consists of 31 comparators, a most 
significant 4-bit ADC and a least significant 4-bit ADC. The 
input to the AD7820 is tracked and held by the input sampling 
circuitry, eliminating the need for an external sample-and-hold 
for signals with slew rates less than lOOmV/•.•.s. 


The part is designed for ease of microprocessor interface with 
the AD7820 appearing as a memory location or 1/0 port without 
the need for external interfacing, logic. All digital outputs use 
latched, three-state output buffer circuitry to allow direct con- 
nection to a microprocessor data bus or system input port. A 
non-three state overflow output is also provided to allow cascading 
of devices to give higher resolution. 


The AD7820 is fabricated in an advanced, all ion-implanted, 
high speed, Linear Compatible CMOS (LC2MOS) process and 
features a low maximum power dissipation of 75mW. It is available 
in 2Q-pin DIPs, SOICs and in 20-terminal surface mount 
packages. 


• 


PRODUCT HIGHLIGHTS 
I. Fast Conversion Time 
The half-flash conversion technique, coupled with fabrication 
on Analog Devices' LC2MOS process, enables very fast con- 
version times. The maximum conversion time for the WR-RD 
mode is 1.36•.•.s, with 1.6•.•.s the maximum for the RD mode. 


2. Total Unadjusted Error 
The AD7820 features an excellent total unadjusted error 
figure of less than 112LSB over the full operating temperature 
range. The part is also guaranteed to have no missing codes 
over the entire temperature range. 


3. Built-In Track-and-Hold 
The analog input circuitry uses sampled-data comparators, 
which by nature have a built-in track-and-hold 
function. As 
a result, input signals with slew rates up to lOOmV/•.•.s can be 
converted to 8-bits without external sample-and-hold. 
This 
corresponds to a 5V peak-to-peak, 
7kHz sine-wave signal. 


4. Single Supply 
Operation from a single + 5V supply with a positive voltage 
reference allows operation of the AD7820 in microprocessor 
systems without any additional power supplies. 


AD7820 -SPECIFICATIONS 


(VDD= + 5V; VRfF ( +)= + 5V; VRfF ( - 
) = GND= DV unless otherwise 
stated). 


All specifications 
Tmi1 to T•••• unless otherwise 
specified. 
Specifications 
apply for 


RD Mode (Pin 7 = OV) 


_tor 
KVenioal 
LVenioa 
B, TVenio 
•• 
C,UVenioa. 
Uaiu 
CotMIitiollatCoauDe.ts 


ACCURACY 
Resolution 
8 
8 
8 
8 
Diu 
Total Uoadjulled 
Error' 
:1 
: 1/2 
:1 
: 112 
LSBmu 
Minimum Rcsolutioa for whicb 
No Missina Codes ••.• guaranteed 
Bits 


REFERENCE 
INPUT 
Input Resistance: 
1.0/•. 0 
1.0/•. 0 
1.0/•. 0 
1.0/•. 0 
Idl minIIdl mu 
V••• ( + )lnputVoI_Rana< 
VUF( - WOO 
VII.EF(-Y'VOD 
VR£F{ - )/VOD 
Va£F( - Woo 
VminlVmu 


V•• F( 
- 
) Input VoilIlIoRana< 
GNDNREF{+) 
GNDN •• F(+) 
GNDN •• F(+) 
GNDlVuF( 
+) 
VminlVmu 


ANALOG INPUT 
Input Voltqe 
Jlanae 
V•• " - )IV•• " +) 
V•• " - )IV•• " +) 
VREF< - )lVREP( 
+) 
VRE.,(- )/VIlER -+ 
) 
VminlVmu. 
Input I...eabat:Current 
:3 
:3 
:3 
:l 
"Arnu 
Input CapKiWlCeJ 
.5 
.5 
.5 
.5 
pFtyp 


LOGIC INPUTS 
CS,WR,RD 


V1NH 
2.• 
H 
H 
H 
Vmin 
V1NL 
0.8 
0.8 
0.8 
0.8 
Vrnu 
IINH(CS, RD) 
I 
I 
I 
I 
~rnu 
IINH(WR) 
3 
3 
3 
3 
~rnu 
IINL 
-I 
-I 
-I 
-1 
~rnu 
Input CapKitancc) 
8 
8 
8 
8 
pFrnu 
Typically5pF 
MODE 


VrNH 
3.5 
3.5 
3.5 
3.5 
Vmin 
VINL 
1.5 
1.5 
1.5 
1.5 
Vrnu 
IINH 
200 
200 
200 
200 
~rnu 
5O~IYP 
IINL 
-I 
- 1 
-I 
-I 
~rnu 
Input CapKiWK:e) 
8 
8 
8 
8 
pFrnu 
TypicaUy 5pF 


LOGIC OUTPUTS 
DJl6.DB7,OFL,INT 
VOH 
•. 0 
•. 0 
•. 0 
•. 0 
Vmin 
IsouRa = l6O~ 
VOL 
0.• 
0.• 
0.• 
0.• 
Vrnu 
IS""II:"" 1.6mA 
louT (DBO-DB7) 
:3 
:3 
:3 
:3 
~rnu 
FlOitina State I..c:akqe 
Output upKitance) 
8 
8 
8 
8 
pFrnu 
Typically5pF 
RDY 
VOL 
0.• 
0.4 
0.• 
0.• 
Vrnu 
ISINIt 
:: 2.6mA 
louT 
:3 
:3 
:3 
:l 
"Arnu 
FIootina StaIC•••••••• 
Output CapKitance) 
8 
8 
8 
8 
pFmu 
Typically5pF 


SLEWRATE, 
TRACKING' 
0.2 
0.2 
0.2 
0.2 
VJ~typ 
0.1 
0.1 
0.1 
0.1 
V/J.Lsmu. 


POWER SUPPLY 
Voo 
Volts 
: 5% for Specified 
Pcrformanc::e 
100• 
15 
15 
20 
20 
mArnu 
CS=RD=OV 
Power Dissi~tion 
4D 
4D 
4D 
4D 
mWtyp 
Power Supply Scnsitiviry 
: II. 
: II. 
: II. 
:11. 
LSBrnu 
: IIl6LSBlyp 
Voo=SV:5% 


NOTES 
'Tc:mpenrure Ruaes ate u foUo•• : 


K. L VcnionI: 
- «rC 
10 + 8S-C 
a,eVersions: 
-4O"'Cto 
+8See 
T. U Versions: 
-55"(;(0 
+ 125"C 
lTotal 
Uudjustcd 
Error 
iDcludes 
offsel, 
fulJ·scaIe IDd linariryenon. 


JSampk 
IQled al2S-c 
by Product 
Aau.ranc:c 
IOCI'&SllR:compliance. 


"Set Typical Paformaoc:e 
Chanctcmba. 


Spa:iftcatiou 
aub;cct 
IOcbaaat: 
wilhouc 
1'IOtict. 


TIMING CHARACTERISTICS1 (VIII= + 5Y;Y.,{+ 
)= +5Y; YIIEf(- )=GND=lJYunlessothlllWisestatlld.) 


Limitat 
Limitat 


Limit 
at 2S·C 
T ••• ,T •••• 
T ••• ,T •••• 
Parameter 
(All Versions) 
(K, L, B, C Versions) 
(T, UVersions) 
Units 
Conditions/Comments 


less 
0 
0 
0 
nsmin 
CS TO RDIWR 
Setup 
Time 


lesH 
0 
0 
0 
nsmin 
CS TO RDIWR 
Hold Time 


tRDy2 
70 
90 
100 
nsmax 
CS to Delay. 
Pull-Up • 


Resistor 
5kil. 


!eRD 
1.6 
2.0 
2.5 
/Lsmax 
Conversion 
Time 
(RD Mode) 


tACC03 
!eRD +20 
!eRD +35 
!eRD +50 
nsmax 
Data Access Time 
(RD Mode) 


tlNTH2 
125 
nstyp 
RD to INT 
Delay (RD Mode) 


175 
225 
225 
nsmax 


tOH' 
60 
80 
100 
nsmax: 
Data Hold Time 


tp 
500 
600 
600 
nsmin 
Delay Time 
between 
Conversions 


tWR 
600 
600 
600 
nsmin 
Write 
Pulse Width 


50 
50 
50 
/Lsmax 
tRD 
600 
700 
700 
nsmin 
Delay Time 
between 
WR and RD Pulses 


tAcc,3 
160 
225 
250 
nsmax 
Data Access Time 
(WR-RD 
Mode, 


see Fig. 5b) 
tRI 
140 
200 
225 
nsmax 
RD to INT 
Delay 


ttNTL2 
700 
nstyp 
WR to INT 
Delay 
1000 
1400 
1700 
nsmax 


tAcci 
70 
90 
110 
nsmax 
Data Access Time 
(WR-RD 
Mode, 


see Fig,2li 


tlHWR2 
100 
130 
150 
nsmax 
WR to INT 
Delay (Stand-Alone 
Operation) 


tlD 
50 
65 
75 
nsmax: 
Data Access Time 
after INT 


(Stand-Alone 
Operation) 


NOTES 
'Sample tested al 2S"C to ensure compliance. AU input control signals are specified with tr= tf= 20ns (10% to 90% of + 5V) and timed from a voltage level of i.6V. 
'CL= 
SOpF. 


3Measured with load circuits of Figure 1 and defmed as the time required for an output to cross O.SVor l.4V. 
"Dermed as the time required for the data lines to change O.SVwhen loaded with the circuits of Figure 2. 


Specifications 
subject 
to change 
without 
notice. 


100pF 


OGNO 
~ 
T 


10PF 


OGNO 
\1 


J 3kll 


OBN~ 
~:::: 


J3kll 


OBN~ 
T 


10PF 


\10GNO 


Digital Input Voltage to GND 
(Pins 6-8, 13) . . . . . . . 
Digital Output Voltage to GND 


(Pins 2-5, 9, 14-18) 
VREF(+) 
to GND 
VREF(-) 
to GND 
VlN to GND: 
... 
Operating Temperature Range 
Commercial (K, L Versions) 
Industrial (B, C Versions) 
Extended (T, U Versions) 


- o,.~ to + I )U"(; 
+300"C 
450mW 
6mWrC 


Lead Temperature 
(Soldering, 
10000s) 
... 
Power Dissipation (Any Package) to + 75°C 
Derates above + 75°C by 
. 


-O.3V, 
Voo 
+O.3V 
VREF 
(-), 
Voo 
+O.3V 


.... 
OV,VREF(+) 
-O.3V, 
Voo 
+O.3V 
·Stresses 
above those listed under 
"Absolute 
Maximum 
Ratings" 
may 


cause permanent 
damage to the device. This is a stress rating only and 
functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of this specification 
is not 
implied. 
Exposure 
to absolute maximum 
rating conditions 
for extended 


periods may affect device reliability. 


- 40°C to + 85°C 
- 40°C to + 85°C 
- 55°C to + 125°C 


CAUTION: 
ESD (electrostatic 
discharge) 
sensitive device. 
The digital control 
inputs 
are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive 
foam or shunts. 
The protective 
foam 
should be discharged 
to the destination 
socket before devices are inserted. 


Total 
Temperature 
Unadjusted 
Package 
Modell 
Range 
Error (Mu) 
Option2 


AD7820KN 
-40°C to + 85°C 
±ILSB 
N-20 
AD7820LN 
- 40°C to + 85°C 
± 1I2LSB 
N-20 
AD7820KP 
- 40°C to + 85°C 
±ILSB 
P-20A 
AD7820LP 
- 40°C to + 85°C 
±1I2LSB 
P-20A 
AD7820KR 
-40°C to + 85°C 
±ILSB 
R-20 
AD7820LR 
- 40°C to + 85°C 
± 1I2LSB 
R-20 
AD7820BQ 
- 40°C to + 85°C 
±ILSB 
Q-20 
AD7820CQ 
-40°C to + 85°C 
±1I2LSB 
Q-20 
AD7820TQ 
- 55°C to + 125°C 
±ILSB 
Q-20 
AD7820UQ 
- 55°Cto + 125°C 
± 1I2LSB 
Q-20 
AD7820TE 
- 55°Cto + 125°C 
±ILSB 
E-20A 
AD7820UE 
- 55°C to + 125°C 
± 1I2LSB 
E-20A 


NOTES 
'T 0order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local salesoffice for military data sheet. For U.S. Standard 
Military Drawing (SMD), see DESC drawing #5962-88650. 
2E = Leadless Ceramic Chip Carrier; N ~ Plastic DIP; P = Plastic Leaded 
CbipCarrier; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 


PIN CONFIGURATIONS 
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Conversion Time (RD Model) 
vs. Temperature 
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Power Supply Current vs. Temperature 
(not including reference ladder) 


Vooz5V 
11,. ••=511 
TAz2S-c 
t_=600ns 
t,m-600ns 


(INn, Internal Time Delay vs. 
Temperature 


1100=511 
VIIIlEJ=SV 
T .• ::25"C 
tp:500n5 
tRo",600ns • 


Accuracy vs VREF 
(VREF 
= VREF1+) 
- 
VREF (-)j 


PIN 
MNEMONIC 
DESCRIPTION 


1 
V1N 
Analog Input. Range: VREF<-) to 
VREF<+). 
2 
DBO 
Data Output. Three State Output, bit 0 
(LSB) 


3 
DBI 
Data Output. Three State Output, bit 1 
4 
DB2 
Data Output. Three State Output, bit 2 
5 
DB3 
Data Output. Three State Output, bit 3 
6 
WRlRDY 
WRITE control inputlREADY 
status 
output. See Digital Interface section. 


7 
Mode 
Mode Selection Input. It determines 
whether the device operates in the WR-RD 
or RD mode. It is internally tied to 
GND through a 50IJ.Acurrent source. 


RD 
See Digital Interface section. 
8 
READ Input. RD must be low to access 
data from the part. See Digital Interface 
section. 
9 
INT 
INTERRUPT 
Output. INT going low 
indicates that the conversion is complete. 
INT returns high on the rising edge 
ofRD or CS. See Digital Interface section. 


10 
GND 
Ground 
11 
VREF<-) 
Lower limit of reference span. 
Range: GND:5VREF< - )sVREF< +) 


12 
VREF<+) 
Upper limit of reference span. 


13 
CS 
Range: VREF<- ):5 VREF<+ ):5V DO 
Chip Select Input. CS, the decoded 
device address, must be low for 
RD or WR to be recognized by the 
converter. 
14 
DB4 
Data Output. Three State Output, bit 4 
15 
DB5 
Data Output. Three State Output, bit 5 
16 
DB6 
Data Output. Three State Output, bit 6 
17 
DB7 
Data Output. Three State Output, bit 7 


OFL 


(MSB) 


18 
Overflow Output. If the analog input is 
higherthan(VREF< +) -lt2LSB),OFL 
will be low at the end of conversion. It 
is a non three state output which 
can be used to cascade 2 or more 
devices to increase resolution. 


19 
NC 
No connection. 


20 
Voo 
Power supply voltage, + 5V 


CIRCUIT 
INFORMATION 
BASIC DESCRIPTION 
The AD7820 uses a half-flash conversion technique whereby 
two 4-bit flash AID converters are used to achieve an 8-bit 
result. Each 4-bit flash ADC contains 15 comparators 
which 
compare the unknown 
input to a reference ladder to get a 4-bit 
result. For a full 8-bit reading to be realized, the upper 4-bit 
flash, the most significant (MS) flash, performs a conversion to 
provide the 4 most significant data bits. An internal DAC, 
driven by the 4 MSBs, then recreates an analog approximation 
of the input voltage. This analog result is subtracted 
from the 
input, and the difference is converted by the lower flash ADC, 
the least significant (LS) flash, to provide the 4 least significant 
bits of the output data. The MS flash ADC also has one additional 
comparator 
to detect input overrange. 


OPERATlNGSEQUENCE 
The operating sequence for the AD7820 in the WR-RD 
mode is 
shown in Figure 3.~set-up 
time of 500ns is required prior to 
the falling edge of WR. (This 500ns is required between reading 
data from the AD7820 and starting another conversion). 
When 
WR is low the input comparators 
track the analog input signal, 


VIN• On the rising edge of WR, the input signal is sampled and 
the result for the four most significant bits is latched. INT goes 
low approximately 
700ns after the rising edge of WR. This 
indicates that conversion is complete and the data result is already 
in the output latch. RD going low then accesses the output 
data. If a faster conversion time is required, 
the RD line can be 
brought low 600ns after WR goes high. This latches the lower 4 
bits of data and accesses the output data on DBO-DB7. 


It, _ 
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/ 
V •• lSSAMPlED 
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COMPARATORS 
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INOICAT£$ 


TH" T CONVERSION 
IS COMPlETE 
AND THAT 
THE 0'" TA AfSUL 
T IS 


A~E40Y 
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DIGITAL 
INTERFACE 
The AD7820 has two basic interface modes which are determined 
by the status of the MODE pin. When this pin is low the converter 
is in the RD mode, with this pin high the AD7820 is set up for 
the WR-RD mode. 


RDMode 
The timing diagram for the RD mode is shown in Figure 4. In 
the RD mode configuration, 
conversion is initiated by taking 
RD low. The RD line is then kept low until output data appears. 
It is very useful with microprocessors 
which can be forced into 
a WAIT state, with the microprocessor 
starting a conversion, 
waiting, and then reading data with a single READ instruction. 
In this mode, pin 6 of the AD7820 is configured as a status 
output, RDY. This RDY output can be used to drive the processor 
READY or WAIT input. It is an open drain output (no internal 
pull-up device) which goes low after the falling edge of CS and 
goes high impedance at the end of conversion. An INT line is 
also provided which goes low at the completion of conversion. 
INT returns high on the rising edge of CS or RD. 


RDY 
I 
-""~I 


I 
'\ 
I-~ 


D80-D87- - 
--- 
- r.==.=.- -- 


WR-RDMode 
In the WR-RD mode, pin 6 is configured as the WRITE input 
for the AD7820. With CS low, conversion is initiated on the 
falling edge of WR. Two options exist for reading data from the 
converter.;~c,~---~,~~ 


~ 
~ 
I 
I 
-~'.=n9 t:t,.~ 


INT 
~=J 
It 
.•.,,-----------.::.J m't'J_ 


In the first of these options the processor waits for the INT 
status line to go low before reading the data (see Figure Sa). 
INT typically goes low 700ns after the rising edge of WR. It 
indicates that conversion is complete and that the data result is 
in the output latch. With CS low, the data outputs (DBO-DB7) 
are activated when RD goes low. INT is reset by the rising edge 
ofRD 
or CS. 


The alternative option can be used to shorten the conversion 
time. To achieve this, the status of the INT line is ignored and 
RD can be brought low 600ns after the rising edge of WR. In 
• 
this case RD going low transfers the data result into the output 
latch and activates the data outputs (DBO-DB7). INT also goes 
low on the falling edge of RD and is reset on the rising edge of 
RD or CS. The timing for this interface is shown in Figure Sb. 


The AD7820 can also be used in stand-alone operation in the 
WR-RD mode. CS and RD are tied low and a conversion is 
initiated by bringing WR low. Output data is valid typically 
700ns after the rising edge of WR. The timing diagram for this 
mode is shown in Figure 6. 
:~ 


DBO·OB7 ==========>,..----<=t-: 
~~~~ )- 


Figure 6. WR-ROMode Stand-Alone Operation, 
CS=RO=O 


APPLYING THE AD7820 
REFERENCE AND INPUT 
The two reference inputs on the AD7820 are fully differential 
and define the zero to full-scale input range of the AiD converter. 
As a result, the span of the analog input can easily be varied 
since this range is equivalent to the voltage difference between 
Vm<+) and Vm< -). 
By reducing the reference span, VRE~ +r 
V~ 
-), 
to less than 5V the sensivity of the converter can be 
increased (i.e., ifVREF=2V 
then lLSB=7.8mV). 
Theinputlrefer- 
ence arrangement 
also facilitates ratiometric operation. 


This reference flexibility also allows the input span to be offset 
from zero. The voltage at VRE~ -) 
sets the input level which 
produces a digital output of all zeroes. Therefore, 
although VIN 
is not itself differential, 
it will have nearly differential-input 
capability in most measurement 
applications because of the 
reference design. Figure 7 shows some of the configurations 
that 
are possible. 


INPUT CURRENT 
Due to the novel conversion techniques employed by the AD7820, 
the analog input behaves somewhat differently than in conventional 
devices. The AOC's sampled-data 
comparators 
take varying 
amounts of input current depending on which cycle the conversion 
is in. 


The equivalent input circuit of the AD7820 is shown in Figure 
8a. When a conversion starts (WR low, WR-RD mode), all 
input switches close, and VIN is connected ·to the most significant 
and least significant comparators. 
Therefore, 
VIN is connected 
to thirty one IpF input capacitors at the same time. 


The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 2k!l. to 5k!l.). In 


addition, about 12pF of input stray capacitance must be charged. 
For large source resistances, 
the analog input can be modelled 
as an RC network as shown in Figure 8b. As Rs increases, it 
takes longer for the input capacitance to charge. 


In the RD mode, the time for which the input comparators 
track the analog input is 600ns at the start of conversion. 
In the 
WR-RD mode the input comparators 
track VIN for the duration 
of the WR pulse. Since other factors cause this time to be at 
least 600ns, input time constants of lOOns can be accommodated 
without special consideration. 
Typical total input capacitance 
values of 45pF allow Rs to be 1.5k!l. without lengthening 
WR 
to give VIN more time to settle. 
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Figure Bb. RC Network Model 


INPUT FILTERING 
It should be made clear that transients on the analog input 
signal, caused by charging current flowing into VIN will not 
normally degrade the AOC's performance. 
In effect, the AD7820 
does not "look" at the input when these transients occur. The 
comparators' 
outputs are not latched while WR is low, so at 
least 600ns will be provided to charge the AOC's input capacitance. 
It is therefore not necessary to mter out these transients 
with an 
external capacitor at the VIN tertninal. 


INHERENT 
SAMPLE·HOLD 
A major benefit of the AD7820's input structure 
is its ability to 
measure a variety of high speed signals without the help of an 
external sample-and-hold. 
In a conventional 
SAR type converter, 
regardless of its speed, the input must remain stable to at least 
V,LSB throughout 
the conversion process if full accuracy is to 
be maintained. 
Consequently, 
for many high speed signals, this 
signal must be externally sampled and held stationary during 
the conversion. The AD7820 input comparators, 
by nature of 
their input switching inherently accomplish this sample-and-hold 
function. Although the conversion time for the AD7820 is 1.36",s, 
the time through which VIN must be 'hLSB stable is much 
smaller. The AD7820 "samples" 
Vrn only when WR is low. 


The value of V1N approximately 
lOOns (internal propogation 
delay) after the rising edge of WR is the measured value. This 
value is then used in the least significant flash to generate the 
lower 4-bits of data. 


Input signals with slew rates typically below 200mV/II-5can be 
convened without error. However, because of the input time 
constants, and charge injection through the opened comparator 
input switches, faster signals may cause errors. Still, the AD7820's 
loss in accuracy for a given increase in signal slope is far less 
than what would be witnessed in a conventional successive 


approximation 
device. A SAR type converter with a conversion 
time as fast as 111-5would still not be able to measure a 5V, 
1kHz sine wave without the aid of an external sample-and-hold. 
The AD7820 with no such help, can typically measure 5V, 
10kHz waveforms. 
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Figure 9b. Nominal Transfer Characteristic for 8-Bit 
Resolution Circuit 
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FEATURES 
Fast Conversion 
Time: 660 ns max 
100 kHz Track-and-Hold 
Function 


1 MHz Sample Rate 
Unipolar 
and Bipolar Input Ranges 
Ratiometric 
Reference Inputs 
No External Clock 
Extended Temperature 
Range Operation 
Skinny 20-Pin DIPs, SOIC and 20-Terminal 
Surface Mount 
Packages 


GENERAL 
DESCRIPTION 
The AD7821 is a high-speed, 8-bit, sampling, analog-to-digital 
converter that offers improved performance over the popular 
AD7820. It offers a conversion time of 660 ns (vs. 1.36 fLS for 
the AD7820) and 100 kHz signal bandwidth (vs. 6.4 kHz). The 
sampling instant is better defined and occurs on the falling edge 
of WR or RD. The provision of a Vss pin (Pin 19) allows the 
part to operate from ± 5 V supplies and to digitize bipolar input 
signals. Alternatively, for unipolar inputs, the Vss pin can be 
grounded and the AD7821 will operate from a single +5 V sup- 
ply, like the AD7820. 


The AD7821 has a built-in track-and-hold 
function capable of 
digitizing full-scale signals up to 100 kHz max. It also uses a 
half-flash conversion technique that eliminates the need to gen- 
eraie a CLK signal for the ADC. 


The AD7821 is designed with standard nticroprocessor control 
signals (CS, RD, WR, RDY, INT) and latched, three-state data 
outputs capable of interfacing to high-speed data buses. An 
overflow output (OFL) is also provided for cascading devices to 
achieve higher resolution. 


The AD7821 is fabricated in Linear-Compatible 
CMOS 


(LC2MOS), 
an advanced, mixed technology process combining 
precision bipolar circuits with low-power CMOS logic. The part 
features a low power dissipation of 50 mW. 


LC2MOS High Speed, fJ-P-Compatible 
a-Bit ADC with Track/Hold Function 


AD7a21 
I 
• 


PRODUCT 
HIGHLIGHTS 
1. Fast Conversion Time 
The half-flash conversion technique, coupled with fabrication 
on Analog Devices' LC2MOS process, enables a very fast 
conversion time. The conversion time for the WR-RD mode 
is 660 ns, with 700 ns for the RD mode. 


2. Built-In Track-and-Hold 
This allows input signals with slew rates up to 1.6 V/fLS to be 
converted to 8-bits without an external track-and-hold. 
This 


corresponds to a 5 V peak-to-peak, 
100 kHz sine-wave signal. 


3. Total Unadjusted Error 
The AD7821 features an excellent total unadjusted 
error fig- 
ure of less than ± I LSB over the full operating temperature 
range. 


4. UnipolarlBipolar 
Input Ranges 


The AD7821 is specified for single supply (+ 5 V) operation 
with a unipolar full-scale range of 0 to + 5 V, and for dual 
supply (± 5 V) operation with a bipolar input range of 
±2.S V. Typical performance characteristics are given for 
other input ranges. 


S. Dynamic Specifications for DSP Users 
In addition to the traditional ADC specifications, the 
AD7821 is specified for ac parameters, 
including signal-to- 


noise ratio, distortion and slew rate. 


AD7821 
SPECIFICA'TIONS 
Voo= +5 V ± 5%. GND= 0 V. Unipolar Input Range: Vss = GND.VREF(+) 
= 
- 
It 
5 V. VREF( -) 
= GND.Bipolar Input Range: Vss = -5 
V ± 5%. VREF(+) = 2.5 V. 
VREF( -) 
= - 2.5 V. These test conditions apply unless otherwise stated. All specifications Tmi. to Tmix unless otherwise stated. Specifications 
apply for RD Mode (Pin 7 = 0 V). 


Parameter 
K Venion· 
B, T VenioD5 
Units 
Comments 


UNIPOLAR 
INPUT 
RANGE 


Resolution2 
8 
8 
Bits 


Tow 
Uoodjusted 
Error' 
:1 
:1 
LSB max 


Minimum 
Resolution 
for which 
No Missing 
Codes ore Guonntecd 
8 
8 
Bits 


BIPOLAR 
INPUT 
RANGE 


Resolution2 
8 
8 
Bits 


Zero Code Error 
:1 
:1 
LSB max 


Full Scole Error 
:1 
:1 
LSB 1011 


Signal-ta-Noise 
Ratio (SNR)' 
45 
45 
dBmin 
VIN = 99.85 kHz Full-Scale 
Sine Wave with (SAMPLING = 500 kHz 


Tow 
Hormonie 
Oistortion 
(THO)' 
-50 
-50 
dB max 
VIN = 99.85 kHz Full-Scale 
Sine Wave with 
(SAMPLING 
= 500 kHz 


Peak Harmonic 
or Spurious 
Noise3 
-50 
-50 
dB max 
V1N = 99.85 kHz Full-Scale 
Sine Wave with 
(SAMPLING 
= SOOkHz 


Intermodulation 
Distortion 
(IMD)3 
fa (84.72 kHz) and fb (94.97 kHz) Full-Scole 


Sine Waves with fSAMPLING = 500 kHz 


-50 
-50 
dB max 
Second Order 
Terms 


-50 
-50 
dB max 
Third 
Order 
Terms 


Slew Rate, Trocking' 
1.6 
1.6 
VI••.,max 


2.36 
2.36 
VI••., typ 


REFERENCE 
INPUT 
Input 
Resistance 
1.014.0 
1.014.0 
kO minfkfl 
max 


VREF (+) Input 
Voltsge 
Range 
VREF (-)NOD 
VREF (-)fVoo 
V minIV Max 


VREF (-) 
Input 
Voltage 
Range 
V"NRE,I.+) 
V"NRE,I.+) 
V minIV max 


ANALOG 
INPUT 
Input 
Voltage Range 
VRE,I.-)fVRE,I.+) 
VRE,I.-)fVRE,I.+) 
V minN 
max 


Input 
Leakage 
Current 
:3 
:3 
••.A max 
-5 
V ~ V IN S +5 V 
Input 
Capacitance 
55 
55 
pF typ 


LOGIC 
INPUTS 
CS,~,!tIi 
V1NH 
2.4 
2.4 
V min 


V1NL 
0.8 
0.8 
V max 


IINH(CS,!tIi) 
1 
1 
..,.A max 


IINH~) 
3 
3 
•.•.A max 


IINL 
-1 
-1 
•.•.A max 


Input 
Capacitance" 
8 
8 
pF max 
Typicxlly 
5 pF 


MOOE 
VINH 
3.5 
3.5 
Vmin 


V1NL 
1.5 
1.5 
Vmax 


IINH 
200 
200 
~max 
50 I'A typ 


IINL 
-1 
-I 
~max 
Input 
Capacitance" 
8 
g 
pF max 
Typicxlly 
5 pF 


LOGIC 
OUTPUTS 
OBo-OB7, 
OFI:, mT 


VOH 
4.0 
4.0 
V min 
IsoURCE = 360 •.•.A 
VOL 
0.4 
0.4 
Vmax 
ISINK = 1.6 mA 
loUT (OBo-OB7) 
:3 
:3 
~max 
Floating 
Stste Leakage 
Output 
Capacitance' 
(OBo-OB7) 
8 
8 
pF max 
Typicxlly 
5 pF 
ROY 


VOL 
0.4 
0.4 
Vmax 
ISINK = 2.6 mA 
loUT 
:3 
:3 
~max 
Floating 
State Leakage 
Output 
Capacitance" 
8 
8 
pF max 
Typicxlly 
5 pF 


POWER 
SUPPLY 


100, 
15 
20 
mAmax 
CS=!tIi=OV 


I" 
100 
100 
~max 
CS=!rn=OV 
Power 
Dissipation 
50 
50 
mWtyp 
Power 
Supply 
Sensitivity 
:114 
:114 
LSB max 
:1116 
LSB typ, Voo 
= 4.75 V to 5.25 V, 


(VRE,I.+) 
= 4.75 V max for Unipolar 
Mode) 


NOTES 
ITemperarure 
Ranges 
are as follows: 
K Venion 
= -40"C 
to +85"C; 
B Version = -4O"C 
to +85OCj 
T Version = -55"C 
to + 125OC. 
'I 
LSB 
=19.53 
mV for both the unipolar 
(0 to +5 V) and bipolar 
(-2.5 
V to +2.5 
V) input 
ranges. 


'See Terminology. 
"Sample 
tested 
at +25OC 
to ensure 
compliance. 


5See Typical 
Performance 
Characteristics. 
Specifications 
subject 
to change 
without 
notice. 


TIMING CHARACTERISTICS 
1 
(VOD = +5 V ± 5%. Vss = 0 V or -5 
V ± 5%; Unipolar or Bipolar Input Range) 


Limit 
at 
Limit 
at 


Limil 
al 25'C 
T•••••• 
T.~ 
TIIll.,T •.•• 
Parameter 
(AU Veninos) 
(K, B, Versions) 
(T Venioo) 
Units 
Conditions/Comments 


less 
0 
0 
0 
nsmin 
CS to mlWll: Setup Time 


lesH 
0 
0 
0 
nsmin 
CS to mlWll: Hold Time 


(ROY, 
70 
85 
100 
nsmax 
crto 
RDY 
Delay. 
Pull-Up 
Resistor 
5 kl. 


teo.D 
700 
875 
975 
nsmax 
Conversion 
Time (RD Mode) 


tACCll, 
Data Access Time 
(RD Mode) 


teo.D +25 
leRD +30 
teo.D +35 
osmax 
CL~20pF 
teo.D +50 
leRD +65 
teo.D +75 
nsmax 
CL ~ 100 pF 


tlNTH , 
50 
- 
- 
os typ 
m 
to 1m Delay (RD Mode) 


80 
85 
90 
nsmax 


IDH. 
15 
15 
15 
nsmin 
Data Hold Time 


60 
70 
80 
nsmax 


Ip 
350 
425 
500 
nsmin 
Delay Time 
Between 
Conversions 


IWR 
250 
325 
400 
nsmin 
Wrile 
Pulse Width 


10 
10 
10 
••.• max 


too 
250 
350 
450 
nsmin 
Delay Time 
betweeo WIl:and m 
Pulses 


tREAD I 
160 
205 
240 
nsmin 
m 
Pulse Width 
(WR-RD 
Mode. 
see Figure 
12b) 


Determined 
by 
(Ace 
I 


IAcel , 
Data Access Time (WR-RD 
Mode, 
see Figure 
12b) 


160 
205 
240 
nsmax 
CL ~ 20pF 


185 
235 
275 
nsmax 
Cc = 100 pF 


tRI 
150 
185 
220 
nsmax 
ro:>to 1m Delay 


tlNTL , 
380 
nstyp 
WIl:to 1m Delay 


500 
610 
700 
nsmax 


tREAD2 
65 
75 
85 
nsmin 
m 
Pulse Width 
(WR-RD 
Mode, 
see Figure 
12a) 


Determined 
by ("ee2 


Data Access Time (WR-RD 
Mode, 
see Figure 
12a) 


IACO, 
65 
75 
85 
nsmax 
CL ~ 20pF 
90 
110 
130 
nsmax 
CL = 100 pF 


I1HWR, 
80 
100 
120 
os Max 
WIt to 1m Delay (Stand-Alone 
Operation) 


tlD, 
Data Access Time 
after mT 


(Stand-Alone 
Operation) 


30 
35 
40 
nsmax 
CL~20pF 
45 
60 
70 
os max 
CL ~ 100 pF 


NOTES 
ISample 
tested 
at +25OC 
to ensure 
compliance. 
AU input 
control 
signals are specified 
with tr = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 


'CL 
= 50 pF. 
3Measured 
with load circuits 
of Figure 
I and defined 
as the time required 
for an output 
to cross 0.8 V or 2.4 V. 
4Defined 
as the time required 
for the data lines to change 
0.5 V when loaded 
with the circuits 
of Figure 
2. 


Specifications subject to change without notice. 


I3kfi 
DBNo----r 


CL 


~DGND 


CL 


DGND~ 


T'OPF 


DGNDV' 


Temperature 
Total Unadjusted 
Package 
Modell 
Range 
Error (LSB) 
Option' 


AD7821KN 
-40°C to +85°C 
±I max 
N-20 
AD7821KP 
-40°C to +85°C 
±lmax 
P-20A 
AD7821KR 
-40°C to +85°C 
±l Max 
R-20 
AD782lBQ 
-40°C to +85°C 
±l Max 
Q-20 
AD7821TQ 
-55°C to + 125°C 
±l Max 
Q-20 
AD7821TE 
-55°C to + 125°C 
±l Max 
E-20A 


NOTES 
'To 
order 
MIL-STD-883, 
Class 
B processed 
parts, 
add /883B 
to parI 
num- 


ber. Contact local sales office for military data sheet. 
'E = Leadless 
Ceramic 
Chip 
Carrier; 
N = Plastic 
DIP; 
P = Plastic 
Leaded 


Chip 
Carrier; 
Q = Cerdip; 
R = SOIC. 
For 
outline 
information 
see Package 


Information section. 


• 


Vlglta! Input Voltage to GND 


(Pins 6-8,13) 
-0.3 
V, Voo 
+0.3 V 
Digital Output Voltage to GND 


(pins 2-5, 9,14-18) 
-0.3 
V, Voo 
+0.3 V 
VREF (+) to GND 
Vss -0.3 
V, Voo +0.3 V 
VREF 
(-) 
to GND 
Vss -0.3 
V, Voo +0.3 V 
VIN to GND 
Vss -0.3 
V, Voo +0.3 V 
Operating Temperature 
Range 
Commercial (K Version) 
-40°C to +85°C 


~ 
" 
_ 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
•• 
.,"'" 
~ 
LV 
T J.~J 
'"'" 


Storage Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 
IOsecs) 
+ 300°C 
Power Dissipation (Any Package) to +75°C 
450 mW 
Derates above +75°C by 
6 mWrC 
*Stresses above those listed under UAbsolute Maximum Ratings" may cause 
permanent damage 
(0 the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnecled 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


PIN CONFIGURATIONS 
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! 
8 
: 
> 
> 
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1 
20 
19 


PLCC 


" 
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> 
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A0782' 


TOP 
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INot to Scale' 
DB' 
,. 0•• 


• ,. " 
'2 
'3 
I~ 
0 
, 
+ 
I~ 
z" } 
""".: 


DBJ 
5 


WRJRDV 6 


MODE 
7 


R08 


A07821 
TOP VIEW 
INot to SCelel 


18 OFL 


17 OB1lMSBl 


16 DB6 


15 OB5 


AD7821 
TOP VIEW 
INot to Scale' 


9 
10 11 12 
13 


I~~ .!.: 
~ 
l~ 


CJ ! 1 


TERMINOLOGY 
LEAST 
SIGNIFICANT 
BIT (LSB) 
An ADC with 8-bit resolution can resolve one part in 28 (1/256 
of full scale). For the AD7821 operating in either the unipolar 
or bipolar input range with 5 V full scale, one LSB is 19.53 mY. 


TOTAL 
UNADJUSTED 
ERROR 
This is a comprehensive 
specification which includes relative 
accuracy, offset error and full-scale error. 


SLEW RATE 
Slew Rate is the maximum allowable rate of change of input sig- 
nal such that the digital sample values are not in error. 


TOTAL 
HARMONIC 
DISTORTION 
Total harmonic distortion is the ratio of the square root of the 
sum of the squares of the rms value of the harmonics to the rms 
value of the fundamental. 
For the AD7821, total harmonic 
distortion (THD) is defmed as 


[V(Vl+ vl+ VS 
2+ Vl) ] d'D 
20 log 
VI 
D 


where V, is the rms amplitude of the fundamental and V2>V3, 
V., V5' V., are the rms amplitudes of the individual harmonics. 


INTERMODULATION 
DISTORTION 
With inputs consisting of sine waves at two frequencies, fa and 
Ib, any active device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies of 
mfa+nlb, 
where m,n = 0, I, 2, 3,- - - -. Intermodulation 
terms 
are those for which m or n is not equal to zero. For example, 
the second order terms include (fa + Ib) and (fa - Ib), and the 
third order terms include (2fa + Ib), (2fa - Ib), (fa + 21b) and 
(fa - 21b). For the AD7821 intermodulation 
distortion is calcu- 
lated separately for both the second and third order terms. 


SIGNAL-TO-NOISE 
RATIO 
Signal-to-noise ratio (SNR) is measured signal-to-noise at the 
output of the ADC. The signal is the rms magnitude of the fun- 
damental. Noise is the rms sum of all nonfundamental 
signals 
(excluding de) up to half the sampling frequency. SNR is de- 
pendent on the number of quantization 
levels used in the digiti- 
zation process. The theoretical SNR for a sine-wave input is 
given by: 


SNR 
= 
(6.02N 
+ 
1.76) dB 


where N is the number of bits in the ADC. Thus, for an ideal 
8-bit ADC, SNR = 50 dB. 


PEAK HARMONIC 
OR SPURIOUS 
NOISE 
Peak harmonic or spurious noise is the rms value of the largest 
nonfundamental 
frequency (excluding dc) up to half the sam- 
pling frequency to the rms value of the fundamental. 


o 
-100 
-SO 
0 
50 


f .•._AMBIIENTTEMPERATURE 
- *C 


Conversion 
Time (RD Mode) 
vs. Temperature 


Effective 
Number 
of 
Bits 
vs. Input 
Signal (z 2.5V) Frequency 


Yoa=5V 
v••,_sv 
T •. _ZS*C 
...... 
......•• 
• 


PowerSupplyCurrentvs, 
Temperature 
(Not Including 
'Reference Ladder) 


V..o=5V 


V"'l,=5V 
T.•.=25*C 
t_=250 
t.o=250 


Accuracy 
vs VREF 
[VREF= 
VREF (+) - VREFf -)J 


tINn, Internal 
Time Delay vs. 
Output 
Current vs. Temperature 


Temperature 


AD7821 


PIN FUNCTION 
DESCRIPTION 


Pin 
Mnemonic 
Description 


V1N 
Analog Input: Range VREF(-):sVIN:s 
VREP(+)· 


2 
DBO 
Three-State 
Data Output (LSB). 
3-5 
DBI-DB3 
Three-State 
Data Outputs. 


6 
WRlRDY 
WRITE control inputIREADY 
status 
output. See Digital Interface section. 


7 
MODE 
Mode Selection Input. It determines 
whether the device operates in the WR-RD 
or RD mode. This input is internally 
pulled low through a 50 I1A current source. 
See Digital Interface section. 


8 
RD 
READ Input. RD must be low to access 
data from the part. See Digital Interface 
section. 


9 
INT 
INTERRUPT 
Output. 
INT going low 
indicates that the conversion is complete. 
INT returns high on the rising edge 
of CS or RD. See Digital Interface section. 


10 
GND 
Ground. 


11 
VREF(-) 
Lower limit of reference span. 
Range: Vss:SVREF(- )<V REP(+). 


12 
VREP(+) 
Upper limit of reference span. 
Range: VREP(- )<V REP(+ ):sV 00' 


13 
CS 
Chip Select Input. The device is 
selected when this input is low. 


14-16 
DB4-DB6 
Three-State 
Data Outputs. 


17 
DB7 
Three-State 
Data Output (MSB). 


18 
OFL 
Overflow Output. 
If the analog input is 
higher than (VREF(+) -1/2 LSB), OFL 
will be low at the end of conversion. It 
is a non-three-state 
output which can 
be used to cascade 2 or more devices to 
increase resolution. 


19 
Vss 
Negative supply voltage. 
Vss = 0 V; Unipolar Operation. 
Vss = -5 V; Bipolar Operation. 


20 
Voo 
Positive supply voltage, +5 V. 


CIRCUIT 
INFORMATION 
BASIC DESCRIPTION 
The AD7821 uses a half flash conversion technique (see Func- 
tional Block Diagram), whereby two 4-bit flash ADCs are used 
to achieve an 8-bit result. Each 4-bit flash ADC contains 15 
comparators, 
which compare an unknown input voltage to the 
reference ladder, to achieve a 4-bit result. The MS (most signifi- 
cant) flash ADC converts an unknown analog input voltage 
(VIN) to provide the 4 MS data bits. An internal DAC, driven 
by the 4 MS data bits, then recreates an analog approximation 
of the input voltage. The DAC output voltage is subtracted 
from the analog input, and the difference is converted by the LS 
(least significant) ADC to provide the 4 LS data bits. The MS 
flash ADC also has one additional comparator to detect over- 
range on the analog input. 


OPERATING 
SEQUENCE 
The AD7821 has two operating modes. The RD mode allows a 
conversion to be started and data to be read with a single, ex- 
tended, READ operation (i.e., CS and RD are taken low). The 
conversion process is timed out by internal one-shots. The WR- 
RD mode uses WR to start a conversion and RD to read the 
data and allows the conversion timing to be externally con- 
trolled. The operating sequence for the WR-RD mode is shown 
in Figure 3. 


I 
I 
-L 
\ 
j 
~ ~A~~C:V~~~o:'ci:Pl.ETE 
Wll 
~ 
=*- 
AND THAT THE DATA RESULT IS 
ALREADY 
IN THE 
OUTPUT 


350ns 
\ 
250n. 
2SOn. 
LATCH AND CAN BE READ 
! 
v.1S 
• MSB'S 
-~ 
SETUP TlME RfQUIRED 
DM'f.tlED 
D£CIStON IS 
INT 
\ 
~~,::~~~~~~~o 
TRACK 
LATCHED 
\ 
V"" PRtoR TO STARTING 


CONVERSHJN 
R6 BROUGHT 
LOW 
HERE 
LATCHES 


THE' 
DATA 
BfTS 
INTO 
0Ul1'UT 
LATCH 
AND 
ACCESSES 
DATA 
ON 
010-087 


A conversion is initiated and the analog input signal (VIN) sam- 
pled on the falling edge of WR (falling edge of RD, RD mode). 
A setup time (tp, delay time between conversions) of 350 ns is 
required prior to this falling edge. See Digital Interface section 
for more details. When WR is low, the internal MS (most sig- 
nificant) ADC compares the sampled analog input with the 
reference ladder to provide the 4 MS data bits. A minimum of 
250 ns is required for this comparison. 
On the rising edge of 
WR, the MS data result is latched internally and the LS (least 
significant) conversion begins, to yield the 4 LS data bits. INT 
goes low typically 380 ns after the rising edge of WR. This indi- 
cates the LS conversion is complete and that both the LS and 
MS data results are latched into the output buffer. RD going 
low then enables the output data. If a faster conversion time is 
required, 
the RD line can be brought low 250 ns after WR goes 


high. This latches both the LS and MS data bits and outputs 
the conversion result on DBQ-DB7. 


REFERENCE 
AND INPUT 
The VREF (-) 
and VREF (+) reference inputs on the AD7821 
are fully differential and defme the zero and full-scale input 
range of the ADC. The transfer characteristic of the part is de- 
fmed by the integer value of the following expression: 


[ 
V/N-VREF(-) 
] 
Data (LSBs) = 256 
VREF(+)-VREF(-)j 
+0.5 


As a result, the analog input (VIN) of the device can easily be 
set up to provide both unipolar and bipolar operation. The data 
output code for unipolar and bipolar operation is Natural Binary 
and Offset Binary, respectively. 


The span of the analog input voltage can easily be varied. By 
reducing the reference span, VREF (+)-VREF 
(-), 
to less than 
5 V the sensitivity of the converter can be increased (i.e., if 
VREF = 2 V then 1 LSB = 7.8 mY). The reference flexibility 
also allows the input span for unipolar operation to be offset 
from zero (VREF (-»GND). 
Additionally, the input/reference 
arrangement facilitates ratiometric operation. 


Figures 4 and 5 show some configurations which are possible. 
For minimum noise a 47 I1F capacitor in parallel with a 0.1 I1F 
capacitor should be connected between the reference inputs and 
GND. 


V"ul+1 
V"EFI-I 
V" 


Figure 4. 
Power Supply asReference. Unipolar Operation 
(Oto +5V) 


~47~F 
~O.'~F 


• ADDITIONAL 
CIRCUITRY 
OMITIED 
FOR 
CLARITY. 


Figure 5. External Reference. Bipolar Operation 
(-2.5Vto 
+2.5V) 


INPUT CURRENT 
The analog input of the AD7821 behaves somewhat differently 
to conventional AID converters. This is due to the ADC's 
sampled-data comparators, 
which take varying amounts of input 
current depending on the cycle of the converter. 


The equivalent input circuit of the AD7821 is shown in Figure 
6. When a conversion ends (e.g., falling edge of INT, WR-RD 
mode, tRO>tINTd 
all the input switches are closed and V1N 
is connected to the comparators of the internal LS and MS 
ADCs. Therefore, 
VIN is connected to 3J.one - pF input capacitors 
simultaneously. 


The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 2 kO to 5 kO). 
In addition, about 12 pF of input stray capacitance must be 
charged. 


The analog input can be modeled as an equivalent RC network 
as shown in Figure 7. As Rs (source impedance) increases, the 
input capacitance takes longer to charge. 


The comparators track the analog input between conversions. A 
minimum delay time (tp) of 350 ns is required between conver- 
• 
sions to allow for voltage source settling and comparator track- 
ing time. This allows input time constants of 50 ns without 
settling time problems. Typical total input capacitance values of 
55 pF allow Rs to be 0.9 kO without lengthening tp to give VIN 
more time to settle. 


Figure 7. RCNetwork Model 


INPUT TRANSIENTS 
Transients on the analog input signal caused by charging current 
flowing into VIN will not normally degrade the ADC's perform- 
ance. In effect, the AD7821 does not "look" at the input when 
these transients occur. The comparators' 
inputs track VIN and 
are not sampled until the falling edge of WR (WR-RD Mode) 
or RD (RD Mode), so at least 350 ns (tp) is provided to charge 
the ADC's input capacitance. It is, therefore, not necessary to 
filter out these transients with an external capacitor at the VIN 
terminal. 


INHERENT 
TRACK-AND· 
HOLD 
A major benefit of the AD7821's input structure is its ability to 
measure a variety of high-speed signals without the help of an 
external track-and-hold. 
Any ADC which does not have a built- 
in track-and-hold, 
regardless of its speed, requires the analog 
input to remain stable to at least 1/2 LSB for the duration of the 
conversion to maintain full accuracy. This requires the use of a 
track-and-hold 
whenever the input is a high-speed signal. The 
AD7821's sampled-data comparators, 
by nature of their input 
switching, inherently accomplish this track-and-hold 
function. 


Although the conversion time for the AD7821 is 660 ns (WR- 
RD mode, tWR+tRO+tACCl)' the time for which VIN must be 
stable to 1/2 LSB is much smaller. The AD7821 tracks VIN be- 
tween conversions only, and its value on the falling edge of WR 
or RD in the WR-RD or RD modes, respectively, is the mea- 
sured value. 


SINUSOIDAL 
INPUTS 
The bandwidth of the built-in track-and-hold 
is 100 kHz max 


(ISO kHz typ, 5 V pop). This is limited by the analog bandwidth 
of the comparators and timing skew between the comparator 
switches. This means that the analog input frequency can be up 
to 100 kHz without the aid of an external track-and-hold. 
The 
Nyquist criterion requires that the sampling rate be at least 
twice the input frequency (i.e., ~2x 100 kHz). This requires an 
ideal antialiasing filter with an infmite roll-off. To ease the 


problem of antialiasing fJlter design, the sampling rate is usually 
set much greater than the Nyquist criterion. The maximum 
sainpling rate (fmu) for the AD7821 in the WR-RD mode, 
(tRD<tINTl) 
can be calculated as follows: 


1 


1 
O.25E - 6+0.25E - 6 +O.15E - 6+ 0.35E-6 


tWR 
Write Pulse Width 


tRD 
Delay Time between WR and RD Pulses 


tRi 
RD 
10 INT Delay 


tp 
= Delay Time between Conversions 


This permits a maximum sampling rate for the AD7821 of 
1 MHz, which is much greater than the Nyquist criterion for 
sampling a 100 kHz analog input signal. 


DIGITAL 
SIGNAL 
PROCESSING 
APPLICATIONS 
In Digital Signal Processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive fJltering, the dy- 
namic characteristics (Signal-to-Noise Ratio, Harmonic Distor- 
tion, Intermodulation 
Distortion) of an ADC are critical. Since 
the AD7821 is a very fast ADC with a built-in track-and-hold 
function, it is specified dynamically as well as with standard dc 
specifications (Total Unadjusted Error, etc.). 


SIGNAL·TO·NOISE 
RATIO AND DISTORTION 
The dynamic performance of the AD7821 is evaluated by apply- 
ing a very low distortion sine-wave signal to the analog input 
(VIN) which is then sampled at a 512 kHz sampling rate. A Fast 
Fourier Transform (FFT) plot is then generated from which 
Signal-to-Noise Ratio (SNR) and harmonic distortion data are 
obtained. 


Figure 8 shows a 2048 point FFT plot of the AD7821 with an 
input signal of 100.25 kHz. The SNR is 49.1 dB. It should be 
noted that the harmonics are taken into account when calculat- 
ing the SNR. The theoretical relationship between SNR and 
resolution (N) is expressed by the following equation: 


INPUT FREQUENCY", 
lGO.25kHz 1%2.5VI 


SAMPLE FREQUENCY", 
Sl2kHz 
SNR::: 
49.1dB 
T", = 250C 


EFFECTIVE 
NUMBER 
OF BITS 
By working backwards from Equation (1) it is possible to get a 
measure of ADC performance expressed in effective number of 
bits (N). A plot of the effective number of bits versus input fre- 
quency is given in the Typical Performance Characteristics sec- 
tion. The effective number of bits typically falls between 7.7 
and 7.9, corresponding 
to SNR figures of 48.1 and 49.7 dB. 


INTERMODULATION 
DISTORTION 
For intermodulation 
distortion (IMD), an FFT plot consisting 
of very low distortion sine waves at two frequencies is generated 
by sampling an analog input applied to the ADC. Figure 9 
shows a 2048 point plof'for IMD. 
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Figure 9. FFTPlot for IMD 


HISTOGRAM 
PLOT 
When a sine wave of specified frequency is applied to the V1N 
input of the AD7821 and several thousand samples are taken, it 
is possible to plot a histogram showing the frequency of occur- 
rence of each of the 256 ADC codes. A perfect ADC produces a 
probability density function described by the equation: 


1 
PIVI 
= ",(A2_Vl)112 


where A is the peak amplitude of the sine wave and P(V) is the 
probability of occurrence at a voltage V. 


If a particular step is wider than the ideal I LSB width, then 
the code associated with that step will accumulate more counts 
than for the code for an ideal step. Likewise, a step narrower 
than the ideal width will have fewer counts. Missing codes are 
easily seen because a missing code means zero counts for a par- 
ticular code. The absence of large spikes in the plot indicates 
small differential nonlinearity. 


Figure 10 shows a histogram plot for the AD782 I, which corre- 
sponds very well with the ideal shape. The plot indicates very 
small differential nonlinearity and no missing codes for an input 
frequency of 100.25 kHz. 


In digital signal processing applications, where the AD7821 is 
used to sample ac signals, it is essential that the signal sampling 
occurs at exactly equal intervals. This minimizes errors due to 
sampling uncertainty 
or jitter. A precise timer or clock source, 
to start the ADC conversion process, is the best method of gen- 
erating equidistant 
sampling intervals. 


The two modes of operation given in the data sheet are suitable 
for DSP applications because the sampling instant of the 
AD7821 is well defmed. V1N is sampled on the faIling edge of 
WR or RD in the WR-RD or RD modes, respectively. 


DIGITAL 
INTERFACE 
The AD7821 has two basic interface modes which are deter- 
mined by the status of the MODE pin. When this pin is low, 
the converter is in the RD mode; with this pin high, the 
AD7821 is set up for the WR-RD mode. 


The RD mode is designed for microprocessors 
that can be 
driven into a WAIT state. A READ operation (i.e., CS and RD 
are taken low) starts a conversion and data is read when the con- 
version is complete. The WR-RD mode does not require micro- 
processor WAIT states. A WRITE operation (i.e., CS and WR 
are taken low) initiates a conversion, and a READ operation 
reads the result when the conversion is complete. 


RD Mode (MODE = 0) 
The timing diagram for the RD mode is shown in Figure II. 
This mode is intended for use with microprocessors which have 
a WAIT state facility, whereby a READ instruction cycle can be 
extended to accommodate slow memory devices. A conversion is 
started by taking CS and RD low (READ operation). Both CS 
and RD are then kept low until output data appears. 
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In this mode, Pin 6 of the AD7821 is configured as a status out- 
put, RDY. This RDY output can be used to drive the processor 
READY or WAIT input. It is an open drain output (no internal 
pull-up device) which goes low after the faIling edge of CS and 
goes high impedance at the end of conversion. An INT line is 
also provided which goes low when a conversion is complete. 
INT returns high on the rising edge of CS or RD. 


WR-RD Mode (MODE = 1) 
In the WR-RD mode, Pin 6 is configured as a WRITE (WR) 
input for the AD782I. With CS low, conversion is initiated on 
the faIling edge of WR. Two options exist for reading data from 
the converter. 


In the first of these options the processor waits for the INT 
status line to go low before reading the data (see Figure 12a). 


INT typically goes low within 380 ns after the rising edge of 
WR. It indicates that conversion is complete and that the data 
result is in the output latch. With CS low, the data outputs 
(DBo-DB7) 
are activated when RD goes low. INT is reset by 
the rising edge of RD or CS. 


The alternative option can be used to shorten the conversion 
time. This is a method for bypassing the internal time-out cir- 
cuit. The INT line is ignored and RD can be brought low • 


Figure 
12a. 
WR-RDMode(tRo>t'NTL) 


250 ns after the rising edge of WR. In this case RD going low 
transfers the data result into the output latch and activates the 
data output (DBo-DB7). 
INT is driven low on the falling edge 
of RD and is reset on the rising edge of RD or CS. The timing 
for this interface is shown in Figure 12b. 


Figure 
12b. 
WR-RDMode(tRo<t'NTL) 


The AD7821 can also be used in stand-alone operation in the 
WR-RD mode. CS and RD are tied low, and a conversion is 
initiated by bringing WR low. Output data is valid 530 ns 
(tINTL 
+ tID) after the rising edge of WR. The timing diagram 
for this mode is shown in Figure 13. 
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MUCROPROCESSORINTERFACING 
The AD7821 is designed for easy interfacing to microprocessors 
as a memory mapped peripheral or an I/O device. This reduces 
to a minimum the amount of extemallogic 
required for 
interfacing. 


AD7821- 
68008 INTERFACE 
Figure 14 shows an AD7821 interface to the 68008 microproces- 
sor. The ADC is configured for the RD interface mode. This 
means that one read instruction starts a conversion and reads the 
result when the conversion is completed. The read cycle is 
stretched out over the entire conversion period by taking the 
INT line back to the DTACK input of the 68008. Starting a 
conversion and reading the relevant data consists of a 
<MOVE 
B Dn, addr> 
instruction, 
where addr is the decoded 
ADC address and Dn is the data register into which the result is 
placed. 


AD7821- 
8088 INTERFACE 
A typical interface to the 8088 is shown in Figure 15. The 
AD7821 is configured for the RD interface mode. One read in- 
struction starts a conversion and reads the result. The read cycle 
is stretched out over the entire conversion period by taking the 
RDY line back to the READY input of the 8088. Starting a 
conversion and reading the result consists of a <MOV AX, 
(addr» 
instruction, 
where addr is the decoded ADC address 
and AX is the 8088 data register into which the conversion re- 
sult is placed. 


AD7821 - TMS32010 INTERFACE 
A typical interface to the TMS32010 is shown in Figure 16. The 
AD7821 is mapped at a port address and the interface is de- 
signed for the maximum TMS32010 clock frequency of 
20 MHz. In this case, the AD7821 is configured in the WR-RD 
interface mode. This means that a write instruction 
starts a con- 
version and a read instruction 
reads the result when the conver- 


sion is completed. A precise timer or clock source is used to 
start a conversion in applications requiring equidistant 
sampling 
intervals. The scheme used, whereby the AD7821 generates an 
interrupt 
to the TMS3201O, is limited in that it does not allow 


the AD7821 to be sampled at its maximum rate. This is because 
the time between samples has to be long enough to allow the 
TMS32010 to service its interrupt 
and read data from the 
AD7821. Constant interruption 
of the TMS32010 by the 


AD7821, every time the ADC completes a conversion, is not a 
very efficient use of the processor time. To overcome these 
problems, some buffer memory or FIFO could be placed be- 
tween the AD7821 and the TMS3201O. The INT line of the 
AD7821 could be used to trigger a pulse which drives its CS 
and RD lines and places the AD7821 data into a FIFO or buffer 
memory. The microprocessor can then read a batch of data from 
the FIFO or buffer memory at some convenient time. Reading 
data from the AD7821, after an INT has been received, consists 
of <IN A, PA> instruction (PA is the decoded ADC address). 


AD7821 - 8051 INTERFACE 
Figure 17 shows the AD7821 interface to the 8051 microcom- 
puter. The AD7821 is configured in the WR-RD interface mode 
and is connected to the 8051 ports. The processor starts conver- 
sion and then polls INT, until it goes low, before reading the 
conversion result. Data is read from the AD7821 by using the 
<MOV A, 9OH> instruction (90H is the address for Port I). 
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APPLYING 
THE AD7821 
The AD7821 is specified for a unipolar input range of 0 to 
+5 V and a bipolar input range of -2.5 
V to +2.5 V. The 
VREF 
(-) 
and VREF (+) voltages required for these input ranges 
are outlined below. See the Typical Performance Characteristics 
section for operation with unspecified input voltage ranges. 


UNIPOLAR 
OPERATION 
Figure 18 gives the configuration and reference voltages reo 
quired for 0 to + 5 V operation. The notninal transfer character- 
istic for this input range is shown in Figure 19. The output code 
is Natural Binary with 1 LSB = (5/256) V = 19.5 mY. 


V~ 
Vu 
Vlllfl+1 


VRlfl+1 


+5V 
+2.5V 


V... 
RANGE 


UNIPOLAR 
010 +5V 


BIPOLAR 
-2.5Vto 
+2.5V 


oum" 
CODE 
FUU 
SCALE 


1 


TRANsmoN", 


:::::~:i /A 


: 
,~ 
llSIl.~ 
-""kC-' 
i 


ססoo0010 
I 
I 


ססoo0001 
I 


ססOOססOO 
------~ 
01LSB2\.Sn3l.U'S 
L~~-lLSB 


v •• INPUT VOLTAGE 
UN TEAMS OF LB•• I 


Figure 19. Nominal Transfer Characteristic for Unipolar 
(0 to +5 Vj Operation 


BIPOLAR 
OPERATION 
Figure 18 gives the configuration and reference voltages re- 
quired for -2.5 
V to + 2.5 V operation. The nominal transfer 
characteristic for this input range is shown in Figure 20. The 
output code is Offset Binary with 1 LSB = ([+2.5 - 
(-2.5)]/256)V 
= 19.5 mY. 
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Figure 20. Nominal Transfer Characteristic for Bipolar 
(-2.5 V to +2.5 Vj Operation 


16-CHANNEL 
TELECOM 
AID CONVERTER 
The fast sampling rate (l MHz) and bipolar operation of the 
AD7821 makes it useful in Telecom applications for sampling a 
number of input channels using a multiplexer. 
Figure 21 shows 
a circuit for such an application. 


The maximum signal frequency required for acceptable quality 
in Telecom applications is 3 kHz. The circuit given in Figure 21 
permits each of the 16-input channels to be sampled at a rate 
of 16 kHz maximum. The sampling rate takes account of such 
multiplexer parameters as toN' settling time etc. The circuit 
also eases the problem of the antialiasing filter design by 
sampling at a rate much greater than that required by the 
Nyquist criterion. 


SIMULTANEOUS 
SAMPLING 
AID CONVERTERS 
The AD7821's inherent track-and-hold 
and well-defmed sam- 
pling instant makes it useful, in such applications as sonar, 
where a number of input channels are required to be sampled 
simultaneously. 
Figure 22 shows a circuit for such an 
application. 
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The actual sampling instant, which is the instant at which VIN 
is measured, occurs approximately 
50 ns after the falling edge of 
WR or RD in the WR-RD or RD modes, respectively, due to 
internal logic delays. However, the internal logic delay and, 
therefore, the sampling instant can vary from device to device, 
but is typically within ± 5 ns. This means that a maximum com- 
mon input sine wave of ±2.5 Vat 32 kHz, applied to any num- 
ber of AD782ls in the circuit of Figure 22, will yield a 
maximum difference between the converter outputs of typically 
±l/4 LSB. 
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FEATURES 
4- or 8-Anelog 
Input Chennels 
Built-In Treck/Hold 
Function 
10kHz Signel Hendling 
on Each Chennel 
Fest Microprocessor 
Interfece 
Single 
+SV Supply 
Low Power: 
SOmW 
Fest Conversion 
Rete, 2.Sp.alChennel 
Tight Error Specification: 
1/2LSB 


GENERAL 
DESCRIPTION 
The AD7824 and AD7828 are high-speed, 
multichannel, 
8-bit 
ADCs with a choice of 4 (AD7824) or 8 (AD7828) multiplexed 
analog inputs. A half-flash conversion technique gives a fast 
conversion rate of 2.5l1osper channel and the parts have a built-in 
track/hold function capable of digitizing full-scale signals of 
10kHz (157mV/lIos 
slew rate) on all channels. The AD7824 and 
AD7828 operate from a single + 5V supply and have an analog 
input range of 0 to + 5V, using an external + 5V reference. 


Microprocessor 
interfacing of the parts is simple, using standard 
Chip Select (CS) and Read (RD) signals to intitiate the conversion 
and read the data from the three-state data outputs. The half-flash 
conversion technique means that there is no need to generate a 
clock signal for the ADC. The AD7824 and AD7828 can be 
interfaced easily to most popular microprocessors. 


The AD7824 and AD7828 are fabricated in an advanced, all 
ion-implanted, 
Linear-Compatible 
CMOS process (LC2MOS) 


and have low power dissipation of 40mW (typ). The AD7824 is 
available in a 0.3" wide, 24-pin "skinny" 
DIP, while the AD7828 


is available in a 0.6" wide, 28-pin DIP and in 28-terminal surface 
mount packages. 


PRODUCT 
HIGHLIGHTS 
1. 4- or 8-channel input multiplexer 
gives cost-effective space- 
saving multichannel 
ADC system. 


2. Fast conversion rate of 2.5l1oslchannel features a per channel 


sampling frequency of 100kHz for the AD7824 or 50kHz for 
the AD7828. 


3. Built-in track-hold function allows handling of 4- or 8-channels 


up to 10kHz bandwidth 
(157mV/ILS 
slew rate). 


4. Tight total unadjusted 
error spec and channel-to-channel 
matching eliminate the need for user trims. 


5. Single + 5V supply simplifies system power requirements. 


6. Fast, easy-to-use digital interface allows connection 
to most 
popular microprocessors 
with minimal external components. 


No clock signal is required for the ADC. 


AD7824/AD7828 
- 
SPECIFI CATIONS 


(Voo = +5V, VREF(+) = +5V, VREF(-) 
= GND= DVunless 
otherwise stated. All specifications 
Tm;n to Tm •• unless other- 
wise specified. Specifications apply for Mode 0.) 


Parameter 
KVersion' 
LVersion 
B, TVersions 
C, UVersions 
Units 
Conditions/Comments 


ACCURACY 
Resolution 
8 
8 
8 
8 
Bits 
Total Unadjusted 
Error' 
±I 
± 112 
±I 
± 112 
LSBmax 
Minimum Resolution for which 
No Missing Codes are guaranteed 
8 
8 
8 
8 
Bits 
Channel to Channel Mismatch 
+ 114 
± 114 
± 114 
± 114 
LSBmax 


REFERENCE 
INPUT 
Input Resistance 
1.0/4.0 
1.0/4.0 
1.0/4.0 
1.0/4.0 
kO minlkO max 


VREF( +) Input Voltage Range 
VREF( -)/ 
VREF( -)/ 
VREF( -)/ 
VREF( -)/ 
VminlVmax 


Vnn 
Vnn 
Vnn 
Vnn 
VREF( -) Input Voltage Range 
GNDI 
GNDI 
GNDI 
GNDI 
V minIV max 


VREF( +) 
VREF( +) 
VREF( +) 
VREF( +) 


ANALOG INPUT 
Input Voltage Range 
VREF<-)/ 
VREF<-)1 
VREF<-)/ 
VREF<-)/ 
VminlVmax 


VREF<+) 
VREF<+) 
VREF<+) 
VREF<+) 


Input Leakage Current 
±3 
±3 
±3 
±3 
IJ.Amax 
Analog Input Any Channel 
Input Capacitance' 
45 
45 
45 
45 
pFtyp 
Oto +5V 


LOGIC INPUTS 
RD,CS,AO,AI 
&A2 
VtNH 
2.4 
2.4 
2.4 
2.4 
Vrnin 


VtNL 
0.8 
0.8 
0.8 
0.8 
Vmax 
IlNH 
I 
I 
I 
I 
IJ.Amax 
I1NL 
-I 
-I 
-I 
-I 
ILAmax 
Input Capacitance' 
8 
8 
8 
8 
pFmax 
Typically 5pF 


LOGIC OUTPUTS 
DBO-DB7 & INT 
VOH 
4.0 
4.0 
4.0 
4.0 
Vrnin 
IsouRcE = 360ILA 
VOL 
0.4 
0.4 
0.4 
0.4 
Vrnax 
IS1NK= 1.6mA 
lOUT(DBO-DB7) 
±3 
±3 
±3 
±3 
ILAmax 
Floating State Leakage 
Output Capacitance' 
8 
8 
8 
8 
pFmax 
Typically 5pF 
RDY 
VOL' 
0.4 
0.4 
0.4 
0.4 
Vmax 
ISINK= 2.6mA 
lOUT 
±3 
±3 
±3 
±3 
ILAmax 
Floating State Leakage 
Output Capacitance 
8 
8 
8 
8 
pFmax 
Typically 5pF 


SLEW RATE, TRACKING' 
0.7 
0.7 
0.7 
0.7 
V/lLstyp 
0.157 
0.157 
0.157 
0.157 
V/lLsmax 


POWER SUPPLY 
Vnn 
5 
5 
5 
5 
Volts 
± 5% for Specified 
Performance 
Inn , 
16 
16 
20 
20 
mAmax 
CS=RD~2.4V 
Power Dissipation 
50 
50 
50 
50 
mWtyp 
80 
80 
100 
100 
mWmax 
Power Supply Sensitivity 
± 114 
± 114 
± 114 
± 114 
LSBmax 
± 1116LSB typ 
Vnn=5V 
±5% 


NOTES 
ITemperarurc 
Ranges 
are as follows: 
K,L Versions;Oto +700C 
B,CVersions; 
-2S0Cto 
+ 85°C 
T,UVersions; 
-SSOCto + 1250C 
2Total Unadjusted 
Error 
includes 
offset, 
full-scale 
and linearity 
errors. 


lSample 
tested 
at 25°C by Product 
Assurance 
to ensure 
compliance. 


4RDY is an open drain output. 
'See Typical Perfonnance Characteristics. 


Specifications 
subject 
to change 
without 
notice. 


AD7824/AD7828 


TIMING CHARACTERISTICS 
1 
(Yoo= +5V; VREfI +)= 
+5V; VREf1-)=GND=OVunless 
otherwise stated) 


Limit at 
Limit at 
Limit at 2S·C 
Tmin,Tmax 
Tmin,Tmax 
Parameter 
(All Grades) 
(K, L, B, C Grades) 
(T, U Grades) 
Units 
Conditions/Comments 


less 
0 
0 
0 
nsmin 
CS to RD Setup Time 
lesH 
0 
0 
0 
nsmin 
CS to RD Hold Time 
tAs 
0 
0 
0 
nsmin 
Multiplexer Address Setup Time 
tAH 
30 
35 
40 
nsmin 
Multiplexer Address Hold Time 


tRDyl 
40 
60 
60 
nsmax 
CS toRDYDelay.Pull-Up 
Resistor 5kil. 


teRO 
2.0 
2.4 
2.8 
IJ.smax 
Conversion Time, Mode 0 
tACC'] 
85 
110 
120 
nsmax 
Data Access Time after RD 
tAce,] 
50 
60 
70 
nsmax 
Data Access Time after INT , Mode 0 
tlNTH' 
40 
65 
70 
nstyp 
RD to INT Delay 
75 
100 
100 
nsmax 
tOH' 
60 
70 
70 
nsmax 
Data Hold Time 
tp 
500 
500 
600 
nsmin 
Delay Time between Conversions 
tRO 
60 
80 
80 
nsmin 
Read Pulse Width, Mode I 
600 
500 
-, 
400 
nsmax 
• 


NOTES 
ISample tested at 25°C to ensure compliance. All input control signals are specified with tr = tf = 20ns (10% to 90% of + SV) and timed from a 
voltage level of 1.6V. 
'C,.=5OpF. 
3Measured with load circuits of Figure 1 and defined as the time required for an output to cross O.8V or 2.4V. 
4Defined as the time required for the data lines [0 change O.5V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 


T 100pF 


DGND \J 
T 10pF 


DGND \J 


Voo 
. 
Digital Input Voltage to GND 
(RD, CS, AO, Al & A2) 
. 
Digital Output Voltage to GND 
(DBO, DB7, ROY & INT) 
VREF(+) 
to GND 
VREF(-) 
to GND 
Analog Input (Any Channel) 
Operating Temperature 
Range 
Commercial (K, L Versions) 


-0.3V, 
Voo 
+O.3V 
VREF (-), 
Voo 
+O.3V 
.... 
OV, VREFC+) 
-0.3V, 
Voo 
+0.3V 


...,ALII;UU.C;;:U 
\.J., 
u 
verSIOnS) 
Storage Temperature 
Range . 


Lead Temperature 
(Soldering, 
1000cs) 
Power Dissipation (Any Package) to + 75°C 
Derates above + 75°C by 
. 


- 55°C to + 125°C 
- 65°C to + 150°C 
+ 300°C 
450mW 
6mWrC 


·Stresses 
above 
those listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage to the device. This is a stress rating only and 
functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of this specification 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods may affect device reliability. 


CAUTION 
ESD (electrostatic 
discharge) 
senSlUve device. The 
digital control 
inputs 
are diode protect- 
ed; however, 
permanent 
damage may occur on unconnected 
devices subject 
to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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Total 
Temperature 
Unadjusted 
Package 
Model 
Range 
Error (LSBs) 
Optionl 


AD7824KN 
Oto + 70°C 
±I 
N-24 
AD7824LN 
Oto + 70°C 
± 1/2 
N-24 
AD7824KR 
Oto + 70°C 
±I 
R-24 
AD7824BQ 
- 40°C to + 85°C 
±I 
Q-24 
AD7824CQ 
-40°C to + 85°C 
± 1/2 
Q-24 
AD7824TQ2 
- 55°C to + 125°C 
±1 
Q-24 
AD7824UQ2 
- 55°C to + 125°C 
± 1/2 
Q-24 


AD7828KN 
Oto + 70°C 
±I 
N-28 
AD7828LN 
Oto + 70°C 
± 1/2 
N·28 
AD7828KP 
Oto + 70°C 
±I 
P-28A 
AD7828LP 
Oto + 70°C 
± 1/2 
P-28A 
AD7828BQ 
-40°C to + 85°C 
±I 
Q-28 
AD7828CQ 
-40°C to +85°C 
± 1/2 
Q-28 
AD7828TQ2 
- 55°Cto + 125°C 
±I 
Q-28 
AD7828UQ2 
- 55°Cto + 125°C 
± 1/2 
Q-28 
AD7828TE2 
- 55°Cto + 125°C 
±I 
E-28A 
AD7828UE2 
- 55°C to + 125°C 
± 1/2 
E-28A 


NOTES 
IN = PlasticDIP;Q 
= Hermetic DIP, R = Small Outline IC;P ~ Plastic 
Leaded 
Chip Carrier; 
E = Leadleas Ceramic Chip Curier. 
For outline 
information 
see Package 
Information 
section. 


2Availableto /883B processing only. Contact our local sales office for military 
data sheet. For U.S. Standard Military Drawing (SMD) see DESC Drawing 
#5692-88764. 
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Power Supply 
Current 
vs. 
Temperature 
(not including 
reference 
ladder) 
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INPUT FREQUENCY -!cHz 


ENCOOERATE - 400kHz 
INPUT 
SIGNAL 
_ IV pop 
MEASUREMENT 
BANDWIDTH •• 10kHz 


OPERATIONAL 
DIAGRAM 
The AD7824 is a 4-channel 8-bit AID converter and the 
AD7828 is an 8-channel8-bit 
AID converter. 
Operational 
diagrams for both of these devices are shown in Figures 3 
and 4. The addition of just a + 5V reference allows the devices 
to perform the analog-to-digital 
function. 
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CIRCUIT 
INFORMATION 
BASIC DESCRIPTION 
The AD78241AD7828 uses a half-flash conversion technique 
whereby rwo 4-bit flash AID converters are used to achieve 
an 8-bit result. Each 4-bit flash ADC contains 15 comparators 
which compare the unknown input to a reference ladder to 
get a 4-bit result. For a full 8-bit reading to be realized, the 
upper 4-bit flash, the most significant (MS) flash, performs a 
conversion to provide the 4 most significant data bits. An 
internal DAC, driven by the 4MSBs, then recreates an analog 
approximation 
of the input voltage. This analog result i. 
subtracted 
from the input, and the difference is converted by 
the lower flash ADC, the least significant (LS) flash, to 
provide the 4 least significant bits of the output data. 


APPLYING 
THE AD7824/AD7828 
REFERENCE 
AND INPUT 
The two reference inputs on the AD7824/AD7828 
are fully 
differential and defme the zero to full-scale input range of the 
AID converter. 
As a result, the span of the analog input voltage 
for all channels can easily be varied. By reducing the reference 
span, VREF (+) - VREF 
(-), 
to less than 5V the sensitivity of 


the converter can be increased (e.g., if VREF 
= 2V then lLSB 
= 7.8mV). The input/reference 
arrangement 
also facilitates 
ratiometric operation. 


This reference flexibility also allows the input channel voltage 
span to be offset from zero. The voltage at VREF 
( - 
) sets the 
input level for all channels which produces a digital output of 
all zeroes. Therefore, although the analog inputs are not themselves 
differential, 
they have nearly differential-input 
capability in 
most measurement 
applications because of the reference design. 


Figures 5 to 7 show some of the configurations 
that are 
possible. 
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Figure 
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Using 
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INPUT CURRENT 
Due to the novel conversion techniques employed by the AD7824/ 
AD7828, the analog input behaves somewhat differently than in 
conventional devices. The AOC's sampled-data 
comparators 
take varying amounts of input current depending on which 
cycle the conversion is in. 


The equivalent input circuit of the AD7824/ AD7828 is shown in 
Figure 8. When a conversion starts (CS and RD going low), all 
input switches close, and the selected input channel is connected 
to the most significant and least significant comparators. Therefore, 
the analog input is connected to thirry-one 
IpF input capacitors 
at the same time. 


fl2~~ 
~ 
R.,. 
'pF 
~....xT: ~'" 


15lSB 
COMPARATORS 
~ ..-kJ 


TOMS ~T~ 
'pF 
LADDER 
• 
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The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 3k to 6k). In 
addition, about 14pF of input stray capacitance must be charged. 
The analog input for any channel can be modelled as an RC 
nerwork as shown in Figure 9. As Rs increases, it takes longer 
for the input capacitance to charge. 


The time for which the input comparators 
track the analog 
input is approximately 
IlLSat the start of conversion. Because of 
input transients on the analog inputs, it is recommended 
that a 


source impedence of not greater than 100 ohms be connected to 
the analog inputs. The output impedence of an op-amp is equal 
to the open loop output impedence divided by the loop gain at 
the frequency of interest. 
It is important 
that the amplifier 


driving the AD7824/ AD7828 analog inputs have sufficient loop 
gain at the input signal frequency as to make the output impedance 
low. 


Suitable op-amps for driving the AD7824/AD7828 are the AD544 
or AD644. 
• 


INHERENT 
SAMPLE·HOLD 
A major benefit of the AD7824's and AD7828's analog input 
structure is its ability to measure a variety of high-speed signals 
without the help of an external sample-and-hold. 
In a conventional 
SAR type converter, 
regardless of its speed, the input must 
remain stable to at least 112LSB throughout 
the conversion 


process if rated accuracy is to be maintained. 
Consequently, 
for 
many high-speed signals, this signal must be externally sampled 
and held stationary during the conversion. The AD7824/AD7828 
input comparators, 
by nature of their input switching inherently 


accomplish this sample-and-hold 
function. Although the conver- 
sion time for A.D7824/ AD7828 is 21Ls,the time for which any 
selected analog input must be 112LSB stable is much smaller. 
The AD7824/AD7828 
tracks the selected input channel for 
approximately 
IlLSafter conversion start. The value of the analog 
input at that instant (IlLS from conversion start) is the measured 
value. This value is then used in the least significant flash to 
generate the lower 4-bits of data. 


SINUSOIDAL 
INPUTS 
The AD7824/AD7828 
can measure input signals with slew rates 
as high as 157mV/lLs to the rated specifications. This means that 
the analog input frequency can be up to 10kHz without the aid 
of an external sample and hold. Furthermore, 
the AD7828 can 
measure eight 10kHz signals without a sample and hold. The 
Nyquist criterion requires that the sampling rate be rwice the 
input frequency (i.e., 2 x 10kHz). This requires an ideal anti-alias- 
ing filter with an infinite roll-off. To ease the problem of anti-alias- 
ing ftIter design, the sampling rate is usually much greater than 
the Nyquist criterion. The maximum sampling rate (FmaJ for 
the AD7824/AD7828 
can be calculated as follows: 


I 
Fmu = !au> + lp 


!au> = AD7824/AD7828 
Conversion Time 
tp = Minimum Delay Berween Conversion 


This permits a maximum sampling rate of 50kHz for each of 
the 8 channels when using the AD7828 and 100kHz for each of 
the 4 channels when using the AD7824. 


UNIPOLAR OPERATION 
The analog input range for any channel of the AD78241AD7828 
is 0 to 5V as shown in the unipolar operational diagram of Figure 
10. Figure 11 shows the designed code transitions which occur 
midway between successive intcser LSB values (i.e., 1/2LSB, 
3I2LSB, 5/2LSB, FS-3I2LSBs). The output code is Natural 
Binary with lLSB = FS/256 = (51256)V = 19.5mV. 
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Figure 
II, Ideal Input/Output 
Transfer 
Characteristic 
for 
Unipolar 
a to +5V 
Operation 


BIPOLAR OPERATION 
The circuit of Figure 12 is designed for bipolar operation. 
An 
AD544 op-amp conditions the signal input (VIN) so that only 
positive voltages appcsr at AIN 1. The closed loop transfer 
function of the op-amp for the resistor values shown is given 
below: 


The analog input range is ±4V and the LSB size is 31.25mV. 
The output code is complementary 
offset binary. The ideal 
input/output 
characteristic 
is shown in Figure 13. 
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Figure 
13. Ideal Input/Output 
Transfer Characteristic 
for 


±4V Operation 


TIMING 
AND CONTROL 
The AD7824/AD7828 
has two digital inputs for timing and 
control. These are Chip Select (CS) and Read (RD), A READ 
operation brings CS and RD low which starts a conversion on 
the channel selected by the multiplexer 
address inputs (see 
Table I), There are two modes of operation as outlined by the 
timing diagrams of Figures 14 and 15. Mode 0 is designed for 
microprocessors 
which can be driven into aWAIT 
state. A 
READ operation (i.e" CS and RD are taken low) starts a conversion 
and data is read when conversion is complete. Mode 1 does not 
require microprocessor 
WAIT states. A READ operation initiates 


a conversion and reads the previous conversion results. 
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MODE 
0 
Figure 14 shows the timing diagram for Mode 0 operation. This 
mode can only be used for microprocessors 
which have aWAIT 
state facility, whereby a READ instruction cycle can be extended 
to accommodate 
slow memory devices. A READ operation 
brings CS and RD low which starts a conversion. The analog 
multiplexer 
address inputs must remain valid while CS and RD 
are low. The data bus (DB7-DBO) remains in the three-state 
condition until conversion is complete. There are two converter 
status outputs on the AD7824/AD7828, 
interrupt 
(INT) and 
ready (RDY) which can be used to drive the microprocessor 
READYIWAIT 
input. The RDY is an open drain output (no 
internal pull-up device) which goes low on the falling edge of 
CS and goes high impedance at the end of conversion, when the 
8-bit conversion result appears on the data outputs. 
If the RDY 
status is not required, 
then the external pull-up resistor can be 
omitted and the RDY output tied to GND. The INT goes low 
when conversion is complete and returns high on the rising edge 
ofCS or RD. 


MODE 1 
Mode 1 operation is designed for applications where the micro- 
processor is not forced into a WAIT state. A READ operation 
takes CS and RD low which triggers a conversion (see Figure 
IS). The multiplexer 
address inputs are latched on the rising 
edge of RD. Data from the previous conversion is read from the 
three-state data outputs (DB7-DBO). This data may be disregarded 
if not required. 
Note, the RDY output (open drain output) does 
not provide any status information 
in this mode and must be 


connected to GND. At the end of conversion INT goes low. A 
• 
second READ operation is required to access the new conversion 
result. This READ operation latches a new address into the 
multiplexer 
inputs and starts another conversion. INT returns 
high at the end of the second READ operation, 
when CS or RD 
returns high. A delay of 2.S•.•.s must be allowed between READ 
operations. 


~3lh-. 
------+-t.;;k 


ANALOG 
CHANNel 
ADDRESS 


.<LA~.'A«t~.nr~u 
uperauons 
are controlled by CS, RD 
and the channel address inputs. These signals are common to all 
memory peripheral 
devices. 


Z80 MICROPROCESSOR 
Figure 16 shows a typical AD7824/AD7828 
- Z80 interface. 
The AD7824/AD7828 
is operating in Mode O. Assume the ADC 
is assigned a memory block starting at address COOO.The following 
LOAD instruction 
to any of the addresses listed in Table II will 
stan a conversion of the selected channel and read the conversion 
result. 


LD B, (COOO) 


At the beginning of the instruction 
cycle when the ADC address 
is selected, RDY asserts the WAIT input, so that the Z80 is 
forced into a WAIT state. At the end of conversion RDY returns 
high and the conversion result is placed in the B register of the 
microprocessor. 
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&'&&"-AUUJ.1 
block starting at address COOO.A MOVE instruction 
to any of 
the addresses in Table II starts a conversion and reads the con- 
version result. 


MOVE·B $COOO,DO 


Once conversion has begun, the MC68000 inserts WAIT states, 
until INT goes low asserting DT ACK at the end of conversion. 
The microprocessor 
then places the conversion results in the DO 
register. 


TMS32010 
MICROCOMPUTER 
A TMS32010 interface is shown in Figure 18. The AD7824/ 
AD7828 is operating in Mode I (i.e., no ",P WAIT states). The 
ADC is mapped at a port address. The following 110 instruction 
stans a conversion and reads the previous conversion result into 
the accumulator. 


The port address (000 to HI) selects the analog channd 
to be 
converted. When conversion is complete a second 110 instruction 
(IN, A PA) reads the up-to-date data into the accumulator 
and 
stans another conversion. A dday of 2.511-5must be allowed 
between conversions. 
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IlIIIIIII ANALOG 
WDEVICES 
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LC2MOS 
Complete, 12-Bit, 100 kHz, Sampling ADCs 


AD7870/AD7875/AD7876 
I 


FEATURES 
Complete Monolithic 12-Bit ADC with: 
2 •.•.s Track/Hold Amplifier 
8 •.•.s A/D Converter 
On-Chip Reference 
Laser-Trimmed Clock 
Parallel. Byte and Serial Digital Interface 
72 dB SNR at 10 kHz Input Frequency (AD7870. 
AD7875) 
57 ns Data Access Time 
Low Power -60 mW typ 
Variety of Input Ranges: 


±3 V for AD7870 
o to +5 V for AD7875 
±10 V for AD7876 


GENERAL DESCRIPTION 
The AD7870/AD7875/AD7876 
is a fast, complete, 12-bit AID 
converter. It consists of a tracklhold amplifier, 8 fLS successive- 
approximation 
ADC, 3 V buried Zener reference and versatile 
interface logic. The ADC features a self-contained internal clock 
which is laser trimmed to guarantee accurate control of conver- 
sion time. No external clock timing components are required; 
the on-chip clock may be overridden by an external clock if 
required. 


The parts offer a choice of three data output formats: a single, 
parallel, 12-bit word; two 8-bit bytes, or serial data. Fast bus 
access times and standard control inputs ensure easy interfacing 
to modern microprocessors and digital signal processors. 


All parts operate from ±5 V power supplies. The AD7870 and 
AD7876 accept input signal ranges of ±3 V and ± 10 V, respec- 
tively, while the AD7875 accepts a unipolar 0 to +5 V input 
range. The parts can convert full power signals up to 50 kHz. 


The AD7870/AD7875/AD7876 
feature dc accuracy specifications 
such as linearity, full-scale and offset error. In addition, the 
AD7870 and AD7875 are fully specified for dynamic perfor- 
mance parameters including distortion and signal-to-noise ratio. 


The parts are fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low-power CMOS logic. 
The parts are available in a 24-pin, 0.3 inch-wide, plastic or her- 
metic dual-in-line package (DIP). The AD7870 and AD7875 are 
available in a 28-pin plastic leaded chip carrier (PLCC), while 
the AD7876 is available and in a 24-pin small outline (SOlC) 
package. 


• 


PRODUCT HIGHLIGHTS 
I. Complete 12-Bit ADC on a Chip. 


The AD7870/AD7875/AD7876 
provides all the functions nec- 
essary for analog-to-digital conversion and combines a 12-bit 
ADC with internal clock, tracklhold amplifier and reference 
on a single chip. 


2. Dynamic Specifications for DSP Users. 


The AD7870 and AD7875 are fully specified and tested for 
ac parameters, 
including signal-to-noise ratio, harmonic dis- 


tortion and intermodulation 
distortion. 


3. Fast Microprocessor Interface. 


Data access times of 57 ns make the parts compatible with 
modern 8- and 16-bit microprocessors and digital signal pro- 
cessors. Key digital timing parameters are tested and guaran- 
teed over the full operating temperature 
range. 


._ •.•. , >I'''' 


Parameter 
- 
j,A' 
K,B' 
L,C1 
SI 
T1 
Units 
Test Conditions/Comments 


DYNAMIC 
PERFORMANCE' 


Signal to Noise Ratio' (SNR) 
@ +25°C 
70 
70 
72 
69 
69 
dB min 
V1N= 10 kHz Sine Wave, fSAMPLE= 100 kHz 


Tmin 
to Tmax 
70 
70 
71 
69 
69 
dB min 
Typically 71.5 dB for 0 <V1N<50 kHz 
Total Harmonic 
Distortion 
(THD) 
-gO 
-80 
-80 
-78 
-78 
dB max 
VIN = 10 kHz Sine Wave,fSAMPLE= 100 kHz 
Typically 
-86 
dB for 0 <VIN <50 kHz 
Peak Harmonic 
or Spurious Noise 
-80 
-80 
-80 
-78 
-78 
dB max 
V1N = 10 kHz, fSAMPLE= 100 kHz 
Typically 
-86 
dB for 0 <VIN<50 
kHz 
Intermodulation 
Distortion 
(IMD) 


Second Order Terms 
-80 
-80 
-80 
-78 
-78 
dB max 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE= 50 kHz 
Third Order Terms 
-80 
-80 
-80 
-78 
-78 
dB max 
fa = 9 kHz,fb 
= 9.5 kHz,fsAMPLE = 50kHz 


TrackIHold 
Acquisition 
Time 
2 
2 
2 
2 
2 
IJ.Smax 


DC ACCURACY 


Resolution 
12 
12 
12 
12 
12 
Bits 
Minimum 
Resolution for which 
No Missing Codes are Guaranteed 
12 
12 
12 
12 
12 
Bits 
Integral Nonlinearity 
±1/2 
±1/2 
±1/4 
± 1/2 
±1/2 
LSB typ 
Integral Nonlinearity 
±I 
± 1/2 
±I 
LSB max 
Differential 
Nonlinearity 
±I 
±I 
±I 
LSB max 
Bipolar Zero Error 
±5 
±5 
±5 
±5 
±5 
LSB max 
Positive Full-Scale Error' 
±5 
±5 
±5 
±5 
±5 
LSB max 
Negative Full-Scale Error' 
±5 
±5 
±5 
±5 
±5 
LSB max 


ANALOG 
INPUT 
Input Voltage Range 
±3 
±3 
±3 
±3 
±3 
Volts 
Input Current 
±500 
±500 
±500 
±500 
±500 
IJ.Amax 


REFERENCE 
OUTPUT 
REF OUT @ + 25"<: 
2.99 
2.99 
2.99 
2.99 
2.99 
Vmin 
3.01 
3.01 
3.01 
3.01 
3.01 
Vmax 
REF OUT Tempeo 
±60 
±60 
±35 
±60 
±35 
ppmf'C max 
Reference Load Sensitivity (II.REF OUT/II.I) 
±I 
±I 
±I 
±I 
±I 
mV max 
Reference Load Current Change (0-500 ~) 
Reference Load Should Not Be Changed 
During Conversion. 


LOGIC INPUTS 
Input High Voltage, V1NH 
2.4 
2.4 
2.4 
2.4 
2.4 
Vmin 
Voo = 5 V ±5% 


Input Low Voltage, V1NL 
0.8 
0.8 
0.8 
0.8 
0.8 
Vmax 
Voo = 5 V ±5% 


Input 
Current, 
I1N 
±1O 
±1O 
±1O 
±1O 
±1O 
IJ.Amax 
VIN=OVtoVoo 
Input Current 
(l2/S/CLK 
Input Only) 
±1O 
±1O 
±1O 
±1O 
±1O 
IJ.Amax 
V1N = Vss to Voo 
Input Capacitance, 
CIN, 
10 
10 
10 
10 
10 
pF max 


LOGIC OUTPUTS 
Output 
High Voltage, VoH 
4.0 
4.0 
4.0 
4.0 
4.0 
Vmin 
ISoURCE= 40 IJ.A 
Output 
Low Voltage, VOL 
0.4 
0.4 
0.4 
0.4 
0.4 
Vmax 
IS1NK= 1.6 mA 
DBll-DBO 
Floating-State 
Leakage Current 
±1O 
±1O 
±1O 
±1O 
±1O 
~max 
Floating-State 
Output 
Capacitance' 
IS 
IS 
IS 
IS 
IS 
pF max 


CONVERSION 
TIME 
External Clock (fCLK = 2.5 MHz) 
8 
8 
8 
8 
8 
fJ.smax 
Internal Clock 
7/9 
7/9 
7/9 
7/9 
7/9 
IJ.SminllJ.S max 


POWER 
REQUIREMENTS 
Voo 
+5 
+5 
+5 
+5 
+5 
V nom 
± 5% for Specified Performance 
Vss 
-5 
-5 
-5 
-5 
-5 
V nom 
± 5% for Specified Performance 
100 
13 
13 
13 
13 
13 
mAmax 
Typically 8 mA 
Iss 
6 
6 
6 
6 
6 
mAmax 
Typically 4 mA 


Power 
Dissipation 
95 
95 
95 
95 
95 
mWmax 
Typically 60 mW 


NOTES 
ITemperature 
ranges 
are as follows:], 
K, L Versions; 
0 to +70°C: 
A, B, C Versions; 
-25OC 
to +85OC: S, T Versions; 
-55°C 
to +125°C. 


'V1N (Pk-pk) = ±3 V. 
3SNR 
calculation 
includes 
distonion 
and noise 
components. 


"Measured 
with respect 
to internal 
reference 
and includes 
bipolar 
offset 
error. 


'Sample 
tested 
@ + 25°C to ensure 
compliance. 


Specifications 
subject 
to change 
without 
notice. 


AD7875/AD7876 
Parameter 
K,B1 
L,C1 
T1 
Units 
Test 
Conditions/Comments 


DC ACCURACY 
Resolution 
12 
12 
12 
Bits 
Minimum 
Resolution 
for Which 
No Missing Codes Are Guaranteed 
12 
12 
12 
Bits 
Integral Nonlinearity 
@ + 2S·C 
:tl 
:t1/2 
:tl 
LSB max 
ToUn to T~. 
(AD787S Only) 
:tl 
:tl 
:tl 
LSB max 
T mln to T~. 
(AD7876 Only) 
:tl 
:t1/2 
:tl 
LSB max 
Differential 
Nonlinearity 
:tl 
:tl 
:tl 
LSB max 
Unipolar 
Offset Error (AD787S Only) 
:tS 
:t5 
:tS 
LSB max 
Bipolar Zero Error (AD7876 Only) 
:t6 
:t2 
:t6 
LSB max 
Full-Scale Error at + 2S·C2 
:t8 
:t8 
:t8 
LSB max 
Typical full-scale error is :t I LSB 
Full-Scale TC2 
:t60 
:t3S 
:t60 
ppml"C max 
Typical TC is :t 20 ppml"C 
Track/Hold 
Acquisition 
Time 
2 
2 
2 
IJ.S max 


DYNAMIC 
PERFORMANCE' 
(AD787S ONLY) 


Signal-to-Noise 
Ratio' 
(SNR) 


@ +2S·C 
70 
72 
69 
dB min 
VIN = 10 kHz Sine Wave, fSAMPLE= 100 kHz 
Tmin to Tmax 
70 
71 
69 
dB min 
Typically 71.5 dB for 0 <VIN< 
SOkHz 
Total Harmonic 
Distortion 
(THD) 
-80 
-80 
-78 
dB max 
V1N = 10 kHz Sine Wave, fSAMPLE= 100 kHz 
Typically 
-86 
dB for 0 <VIN< 
SOkHz 
Peak Harmonic 
or Spurious Noise 
-80 
-80 
-78 
dB max 
V1N = 10 kHz, fSAMPLE= 100 kHz 
Typically 
-86 
dB for 0 <VIN< 
SOkHz 
Intermodulation 
Distortion 
(IMD) 


Second Order Terms 
-80 
-80 
-78 
dB max 
fa = 9 kHz, tb = 9.5 kHz, fSAMPLE= SOkHz 
Third 
Order Terms 
-80 
-80 
-78 
dB max 
fa = 9 kHz, tb = 9.5 kHz, fSAMPLE= SOkHz 


ANALOG 
INPUT 
AD787S Input Voltage Range 
o to +5 
o to +5 
o to +5 
Volts 
AD787S Input Current 
500 
500 
500 
I1Amax 
AD7876 Input Voltage Range 
:t10 
:t10 
:t1O 
Volts 
AD7876 Input Current 
:t600 
:t6oo 
:t6oo 
I1Amax 


REFERENCE 
OUTPUT 
REF OUT 
@ + 2S·C 
2.99 
2.99 
2.99 
Vmin 
3.01 
3.01 
3.01 
Vmax 
REF OUT Tempeo 
:t60 
:t3S 
:t60 
ppml"C max 
Typical Tempeo 
is :t20 ppml"C 
Reference Load Sensitivity (dREF 
OUT/dI) 
-I 
-I 
-I 
mV max 
Reference Load Current 
Change «(}-SOO11A) 


Reference 
Load Should Not Be Changed 
During Conversion. 


LOGIC INPUTS 
Input 
High Voltage, VINH 
2.4 
2.4 
2.4 
V min 
Voo = 5 V:tSO/O 


Input Low Voltage, V1NL 
0.8 
0.8 
0.8 
V max 
Voo = 5 V:tSO/O 


Input Current, IIN 
:t1O 
:t1O 
:t10 
I1Amax 
VIN = OVtoVoo 
Input Current 
(l2/S/CLK 
Input Only) 
:t1O 
:t1O 
:t10 
I1Amax 
V1N = Vss to Voo 
Input Capacitance, 
CIN, 
10 
10 
10 
pF max 


LOGIC OUTPUTS 
Output 
High Voltage, VOH 
4.0 
4.0 
4.0 
V min 
ISOURCE= 40 I1A 
Output 
Low Voltage, VOL 
0.4 
0.4 
0.4 
V max 
ISINK = 1.6 mA 
DBII-DBO 
Floating-State 
Leakage Current 
10 
10 
10 
I1Amax 
Floating-State 
Output 
Capacitance' 
IS 
IS 
IS 
pF max 


CONVERSION 
TIME 
External Clock (fCLK = 2.5 MHz) 
8 
8 
8 
J.LS max 
Internal 
Clock 
7/9 
7/9 
7/9 
""5 mini lJ.S max 


POWER 
REQUIREMENTS 
As per AD7870 


• 


NOTES 
ITemperatureranges are as follows: AD7875: K, L Versions, 0 (0 +70°C; B, C Versions, -40°C to +85°C; T Version, -55°C to +125OC.AD7876: B, C Ver- 
sions, -40°C to +85°C; T Version, -55°C to + 125°C. 
2Includes internal reference error and is calculated after unipolar offset error (AD7875) or bipolar zero error (AD7876) 
has been adjusted out. 


Full-scale error refers to both positive and negative full·scale error for the AD7876. 
]Dynamic performance parameters are not tested on the AD7876 but these are typically the same as for the AD7875. 
"SNR calculation includes distortion and noise components. 
sSample tested @ + 25°C to ensure compliance. 
Specifications subject to change without notice. 


AD7870/AD7875/AD7876 
TIMING CHARACTERISTICS" 
2 
(VDD = +5 V ± 5%, Vss = -5 
V ± 5%, AGND= DGND= D V. See Figures 9, 10, 11 and 12.) 


Limit at T min' T mas 
Limit at T min' T max 
Parameter 
(1, K, L, A, B, C Versions) 
(S, T Versions) 
Units 
Conditions/Comments 


tl 
50 
50 
ns min 
CONVST Pulse Width 
t2 
0 
0 
ns min 
CS to RD Setup Time (Mode 1) 


t3 
60 
75 
ns min 
RD Pulse Width 
t4 
0 
0 
ns min 
CS to RD Hold Time (Mode 1) 


t, 
70 
70 
ns max 
RD to INT Delay 


1,;3 
57 
70 
ns max 
Data Access Time after RD 
t,- 
5 
5 
nsmin 
Bus Relinquish Time after RD 
50 
50 
ns max 
ts 
0 
0 
ns min 
HBEN to RD Setup Time 
t, 
0 
0 
ns min 
HBEN to RD Hold Time 
tlO 
100 
100 
ns min 
SSTRB to SCLK Falling Edge Setup Time 
tll , 
370 
370 
ns min 
SCLK Cycle Time 


t126 
135 
150 
ns max 
SCLK to Valid Data Delay. CL=35 pF 
t13 
20 
20 
ns min 
SCLK Rising Edge to SSTRB 
100 
100 
ns max 
tl4 
10 
10 
ns min 
Bus Relinquish Time after SCLK 
100 
100 
ns max 
t15 
60 
60 
ns min 
CS to RD Setup Time (Mode 2) 


tl6 
120 
120 
ns max 
CS to BUSY Propagation Delay 
tn 
200 
200 
ns min 
Data Setup Time Prior to BUSY 
tIS 
0 
0 
ns min 
CS to RD Hold Time (Mode 2) 


tl• 
0 
0 
ns min 
HBEN to CS Setup Time 
t20 
0 
0 
ns min 
HBEN to CS Hold Time 


NOTES 
ITiming specifications in bold print are 100% production tested. All other times are sample tested at +2SoC to ensure compliance. All input signals are 
specifiedwithtr = tf = 5 ns (10% to 90%of 5 V)and timedfroma voltagelevelof 1.6 V. 
2Serial timing is measured with a 4.7 kO pull·up resistor on SDATA and SSTRB and a 2 kO puU·up on SCLK. The capacitance on all three outputs is 35 pF. 


)(6 is measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 


"(7 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
'SCLK mark/spaceratio(measuredfroma vollagelevelof 1.6V)is 40/60 to 60/40. 
6SDATA will drive higher capacitive loads but this will add to tll since it increases the external RC time constant (4.7 knllCL) and hence the time to 
reach 2.4 V. Specifications subject to change without notice. 
ABSOLUTE 
MAXIMUM 
RATINGS· 
VDD to AGND 
-0.3 
V to +7 V 
Vss to AGND 
+0.3 V to -7 V 
AGND to DGND 
-0.3 
V to VDD 
+0.3 V 
VIN to AGND 
-15 V to +15 V 
REF OUT to AGND 
0 V to VDD 
Digital Inputs to DGND 
-0.3 
V to VDD +0.3 V 
Digital Outputs to DGND 
-0.3 
V to VDD +0.3 V 
Operating Temperature 
Range 
Commercial 0, K, L Versions - AD7870) 
0 to +70°C 
Commercial (K, L Versions - AD7875) 
0 to + 70°C 
Industrial (A, B, C Versions - AD7870) 
-25°C to +85°C 
Industrial (B, C Versions - AD7875/AD7876) 
............................ 
-40°C to +85°C 
Extended (S, T Versions) 
-55°C to + 125°C 
Storage Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 
10 sec) . . . . . . . . . .. 
+ 300°C 
Power Dissipation (Any Package) to +75°C 
450 mW 
Derates above +75°C by 
10 mWrC 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational 
sections 
of this 
specification 
is not 
implied. 
Exposure 
to absolute maximum 
rating conditions 
for extended 
periods may affect 
device reliability. 


DBNtF 56kfi 
5DpF 
DGN~ 


+5V 


~ 56kfi 
DBN----C- 


50pF 
DGND 
~ 
b. High-Z to 
VOL 


+5V+ 
"~t:J" - ",J'" 


a. 
VOH to High-Z 
b. 
VOL to High-Z 


Figure 2. Load Circuits for Output Float Delay 
CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


Integral 
Temperature 
V'N Voltage 
SNR 
Nonlinearity 
Package 
Model"2 
Range 
Range (V) 
(dBs) 
(LSB) 
Option' 


AD7870JN 
o to +70°C 
±3 
70 min 
±1I2 typ 
N-24 
AD7870KN 
o to +70°C 
±3 
70 min 
±lmax 
N-24 
AD7870LN 
o to +70°C 
±3 
72 min 
±1/2 max 
N-24 
AD7870JP 
o to +70°C 
±3 
70 min 
±1/2 typ 
P-28A 
AD7870KP 
o to +70°C 
±3 
70 min 
±lmax 
P-28A 
AD7870LP 
o to +70°C 
±3 
72 min 
±1I2 max 
P-28A 
AD7870AQ 
-25°C to +85°C 
±3 
70 min 
±1I2 typ 
Q-24 
AD7870BQ 
- 25°C to + 85°C 
±3 
70 min 
±lmax 
Q-24 
AD7870CQ 
-25°C to +85°C 
±3 
72 min 
±1I2 max 
Q-24 
AD7870SQ4 
-55°C to + 125°C 
±3 
70 min 
±1I2 typ 
Q-24 
AD7870TQ4 
-55°C to + 125°C 
±3 
70 min 
±l max 
Q-24 
• 


NOTES 
'To order MIL-STD-883, 
Class B, processed parts, add /883B to part number. Contact 
local sales office for military data sheet. 
'Contact local sales office for LCCC (Leadless Ceramic Chip Carrier) availability. 
'N = Nanow Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip. For outline 
information see Package Information section. 
'Available to /883B processing only. 


Integral 
Temperature 
V'N Voltage 
SNR 
Nonlinearity 
Package 
Model"2 
Range 
Range (V) 
(dBs) 
(LSB) 
Option' 


AD7875KN 
o to +70°C 
o to +5 
70 min 
±lmax 
N-24 
AD7875LN 
o to +70°C 
o to +5 
72 min 
±1/2 max 
N-24 
AD7875KP 
o to +70°C 
o to +5 
70 min 
±l max 
P-28A 
AD7875LP 
o to +70°C 
o to +5 
72 min 
±1I2 max 
P-28A 
AD7875BQ 
-40°C to +85°C 
o to +5 
70 min 
±lmax 
Q-24 
AD7875CQ 
-40°C to +85°C 
o to +5 
72 min 
±1I2 max 
Q-24 
AD7875TQ4 
-55°C to + 125°C 
o to +5 
70 min 
±lmax 
Q-24 


NOTES 
'To order MIL-STD-883, 
Class B, processed parts, add /883B to part number. Contact 
local sales office for military data sheet. 
'Contact local sales office for LCCC (Leadless Ceramic Chip Carrier) availability. 
'N = Narrow Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip. For outline 
information see Package Information section. 
'Available to /883B processing only. 


Integral 
Temperature 
V'N Voltage 
Nonlinearity 
Package 
Model' 
Range 
Range (V) 
(LSB) 
Option2 


AD7876BN 
-40°C to +85°C 
±10 
±lmax 
N-24 
AD7876CN 
-40°C to +85°C 
±10 
±1I2 max 
N-24 
AD7876BR 
-40°C to +85°C 
±10 
±l max 
R-24 
AD7876CR 
-40°C to +85°C 
±10 
±1I2 max 
R-24 
AD7876BQ 
-40°C to +85°C 
±10 
±l max 
Q-24 
AD7876CQ 
-40°C to +85°C 
±10 
±1I2 max 
Q-24 
AD7876TQ' 
- 55°C to + 125°C 
±10 
±l max 
Q-24 


NOTES 


ITa order MIL-STD-883, 
Class B, processed pan~, add /8835 
to pan number. 
Contact 
local sales office for military data sheet. 
'N = Narrow Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information 
section. 
'Available to 1883Bprocessing only. 


DIP 
Pin 
Pin No. 
Mnemonic 
lU) 
BUSYilNT 
CLK 


12 
13-16 
DGND 
DB3IDBll- 
DBOIDB8 


Function 
Read. Active low logic input. This input is used in conjunction with CS" low to enable the data outputs. 
BusylInterrupt, Active low logic output indicating converter status. See timing diagrams. 
Clock input. An external TTL-compatible clock may be applied to this input pin. Alternatively, tying this pin to Vss 
enables the internal laser-trimmed clock oscillator. 
Data Bit II (MSB)/High Byte Enable. The function of this pin is dependent on the state of the 12/li/CLK 
input (see 


below). When 12-bit parallel data is selected, this pin provides the DBII output. When byte data is selected, this pin 
becomes the HBEN logic input. HBEN is used for 8-bit bus interfacing. When HBEN is low, DB7/LOW to DBO/DB8 
become DB7 to DBO. With HBEN high, DB7/LOW to DBOIDB8 are used for the upper byte of data (see Table I). 
Data Bit IO/SerialStrobe. When 12-bit parallel data is selected, tltis pin provides the DBIO output. SSTPJl" is an 
active low open-drstTR~put 
that provides a strobe or framing pulse for serial data. An external 4.7 kO pull-up resis- 
tor is required on 
. 
Data Bit 9/Serial Clock. When 12-bit parallel data is selected, this pin provides the DB9 output. SCLK is the gated 
serial clock output derived from the internal or external ADC clock. If the 12/li/CLK 
input is at - 5 V, then SCLK 
runs continuously. If 12/li/CLK 
is at 0 V, then SCLK is gated off after serial transmission is complete. SCLK is an 
open-drain output and requires an external 2 kO pull-up resistor. 
Data Bit 8/Serial Data. When 12-bit parallel data is selSS¥ro\his pin provides the DB8 output. SDATA is an open- 
drain serial data output which is used with SCLK and 
for serial data transfer. Serial data is valid on the fall- 


ing edge of SCLK while ~ 
is low. An external 4.7 kO pull-up resistor is required on SDATA. 


Three-state data outputs which are controlled by CS" and ro. Their function depends on the 12/li/CLK 
and HBEN 
inputs. With 12/li/CLK 
high, they are always DB7-DB4. With 12/li/CLK 
low or -5 V, their function is controlled 
by HBEN (see Table I). 
Digital Ground. Ground reference for digital circuitry. 
Three-state data outputs which are controlled by CS" and m. Their function depends on the 12/ll"/CLK and HBEN 
inputs. Withll21lilCLK high, they are always DB3-DBO. With 12/li/CLK 
low or -5 V, their function is controlled 
by HBEN (see Table I). 


Table I. Output 
Data for Byte Interfacing 


17 
Voo 


18 
AGND 
19 
REF OUT 
20 
VI"'; 


21 
Vss 


22 
12/ll"/CLK 


23 
CID1VSi 


24 
CS" 


Positive Supply, +5 V :!:5%. 
Analog Ground. Ground reference for track/hold, reference and DAC. 
Voltage Reference Output. The internal 3 V reference is provided at this pin. The external load capability is 500 ILA. 
Analog Input. The analog input range is :!:3 V for the AD7870, :!:10 V for the AD7876 and 0 to + 5 V forthe AD7875. 
Negative Supply, -5 V :!:5%. 
Three Function Input. Defines the data format and serial clock format. With this pin at + 5 V, the output data for- 
mat is 12-bit parallel only. With this pin at 0 V, either byte or serial data is available and SCLK is not continuous. 
With this pin at - 5 V, byte or serial data is again available but SCLK is now continuous. 
Convert Start. A low to high transition on this input puts the tracklhold into its hold mode and starts conversion. 
This input is asynchronous to the CLK input. 
Chip Select. Active low logic input. The device is selected when this input is active. With COl'lVST tied low, a new 
conversion is initiated when CS" goes low. 


PLCC2 


I~ 
I! 
d 
d I~I~ ~ 


Iii 


Il:l 
~ 
. 
3 
3 , " 
" 
cs 


CONVST 


12/lJclK 


V,N 


REF OUT 


AGNO 


'PIN 
CONFIGURATIONS 
ARE 
THE 
SAME 
FOR 
THE"'D1I70, "'01'75 ANDA01I7t. 
7yHE 
A07170 
AND 
"'01115 
ARE 
AVAILABLE 
IN 
DIP AND 
PlCC; 
THE A07.7115 
AVAILABLE 
IN 
DIP AND 
SOte. 


~UNVr.Klr.K 
ur. 1JUL:> 
The AD7870/AD7875/AD7876 
is a complete 12-bit AID con- 


verter, requiring no external components apart from power sup- 
ply decoupling capacitors. It is comprised of a 12-bit successive 
approximation 
ADC based on a fast settling voltage-output 
DAC, a high speed comparator and SAR, a track/hold amplifier, 
a 3 V buried Zener reference, a clock oscillator and control 
logic. 


INTERNAL 
REFERENCE 
The AD7870/AD7875/AD7876 
has an on-chip temperature 
com- 
pensated buried Zener reference which is factory trimmed to 
3 V ± 10 mY. Internally it provides both the DAC reference and 
the dc bias required for bipolar operation (AD7870 and AD7876). 
The reference output is available (REF OUT) and is capable of 
providing up to 500 •.•.A to an external load. 


The maximum recommended 
capacitance on REF OUT for nor- 
mal operation is 50 pF. If the reference is required for use ex- 
ternal to the ADC, it should be decoupled with a 200 0 resistor 
in series with a parallel combination of a 10 •.•.F tantalum capaci- 
tor and a 0.1 •.•.F ceramic capacitor. These decoupling compo- 
nents are required to remove voltage spikes caused by the 
ADC's internal operation. 


Figure 3. Reference Circuit 


The reference output voltage is 3 V. For applications using the 
AD7875 or AD7876, a 5 Vor 
10 V reference may be required. 


Figure 4 shows how to scale the 3 V REF OUT voltage to pro- 
vide either a 5 Vor 
10 V external reference. 


TRACK·AND·HOLD 
AMPLIFIER 
The track-and-hold 
amplifier on the analog input of the 
AD7870/AD7875/AD7876 
allows the ADC to accurately convert 
input frequencies to 12-bit accuracy. The input bandwidth of 
the track/hold amplifier is much greater than the Nyquist rate 
of the ADC even when the ADC is operated at its maximum 
throughput 
rate. The 0.1 dB cutoff frequency occurs typically at 
500 kHz. The track/hold amplifier acquires an input signal to 


IL-Oll 
accuracy m less than L •.•.s. The overall throughput 
rate IS 


equal to the conversion time plus the track/hold amplifier acqui- 
sition time. For a 2.5 MHz input clock the throughput 
rate is 
10 •.•.s max. 


The operation of the track/hold is essentially transparent 
to the 
user. The track/hold amplifier goes from its tracking mode to its 
hold mode at the start of conversion. If the CONVST input is 
used to start conversion then the track to hold transition occurs 
on the rising edge of CONVST. 
If CS starts conversion, this 
transition occurs on the falling edge of CS. 
• 


ANALOG 
INPUT 
The three parts differ from each other in the analog input volt- 
age range which they can handle. The AD7870 accepts ±3 V 
input signals, the AD7876 accepts a ± 10 V input range, while 
the input range for the AD7875 is 0 to +5 V. 


Figure 5a shows the AD7870 analog input. The analog input 
range is ±3 V into an input resistance of typically 15 kO. The 
designed code transitions occur midway between successive 
integer LSB values (i.e., 1/2 LSB, 3/2 LSBs, 5/2 LSBs ... 
FS- 3/2 LSBs). The output code is 2s complement binary with 
1 LSB = FS/4096 =6 V/4096 = 1.46 mY. The ideal input/ 
output transfer function is shown in Figure 6. 


Figure 5a. AD7870 Analog Input 


The AD7876 analog input structure is shown in Figure 5b. The 
analog input range is ± 10 V into an input resistance of typically 
33 kO. As before, the designed code transitions occur midway 
between successive integer LSB values. The output code is 2s 
complement with I LSB = FS/4096 = 20V/40% 
= 4.88 mY. 


The ideal input/output 
transfer function is shown in Figure 6. 


Figure 5b. AD7876 Analog Input 


Figure 5c shows the analog input for the AD7875. The input 
range is 0 to +5 V into an input resistance of typically 25 kO. 
Once again, the designed code transitions occur midway 
between successive integer LSB values. The output code is 


straight binary with I LSB = FS/4096 = SVl4096 = 1.22 mY. 
The ideal input/output 
transfer function is shown in Figure 7. 
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OFFSET 
AND FULL-SCALE 
ADJUSTMENT- 
AD7870 
In most digital signal processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale error effect is linear and does not cause 
problems as long as the input signal is within the full dynamic 
range of the ADC. Some applications will require that the input 
signal span the full analog input dynamic range. In such applica- 
tions, offset and full-scale error will have to be adjusted to zero. 


Where adjustment 
is required, 
offset error must be adjusted 
before full-scale error. This is achieved by trimming the offset 
of the op amp driving the analog input of the AD7870 while the 


input voltage is 112LSB below ground. The trim procedure is 
as follows: apply a voltage of -0.73 
mV(-1I2 
LSB) at V, in 
Figure 8 and adjust the op amp offset voltage until the ADC 
output code flickers between 1111 1111 1111 andסס ooסס oo 
0000. Gain error can be adjusted at either the first code transi- 
tion (ADC negative full-scale) or the last code transition (ADC 
positive full scale). The trim procedures for both cases are as 
follows (see Figure 8). 


AD7870/ 
AD7875/ 
AD7876" 


Positive Full-Scale 
Adjust 
Apply a voltage of 2.9978 V (FS/2 
- 3/2 LSBs) at V,. Adjust R2 
until the ADC output code flickers between 0111 1111 1110 and 
01111111 
1111. 


Negative Full-Scale Adjust 
Apply a voltage of - 2.9993 V (- FS/2 + 112LSB) at VI and 
adjust R2 until the ADC output code flickers between 
1000סס oo 0000 and 1000סס oo 0001. 


OFFSET 
AND FULL-SCALE 
ADJUSTMENT 
- AD7876 
The offset and full-scale adjustment for the AD7876 is similar to 
that just outlined for the AD7870. The trim procedure, 
for 
those applications that do require adjustment, 
is as follows: 


apply a voltage of -2.44 
mV (-1/2 
LSB) at V, and adjust the 
op amp offset voltage until the ADC output code flickers 
between 1111 1111 1111 andסס oo 0000 0000. Full-scale error 
can be adjusted at either the first code transition (ADC negative 
full scale) or the last code transition (ADC positive full scale). 
The trim procedure for both case is as follows (see Figure 8): 


Positive Full-Scale Adjust 
Apply a voltage of 9.9927 V (FS/2 
- 
3/2 LSBs) at VI' Adjust 
R2 until the ADC output code flickers between 0111 1111 1110 
and 0111 1111 1111. 


Negative Full-Scale Adjust 
Apply a voltage of -9.9976 
V (FS/2 
+ 112LSB) at V, and 


adjust R2 until the ADC output code flickers between 1000 
סס ooסס oo and 1000סס oo 0001. 


OFFSET 
AND FULL-SCALE 
ADJUSTMENT 
- AD7875 
Similar to the AD7870, most of the DSP applications in which 
the AD7875 will be used will not require offset and full-scale 
adjustment. 
For applications that do require adjustment, 
offset 
error must be adjusted before full-scale (gain) error. This is 
achieved by applying an input voltage of 0.61 mV (1/2 LSB) to 
VI in Figure 8 and adjusting the op amp offset voltage until the 
ADC output code flickers betweenססooססooססoo andססoo 
ססoo OOO\.For full-scale adjustment, 
apply an input voltage of 
4.9982 V (FS - 
3/2 LSBs) to VI and adjust R2 until the ADC 
output code flickers between 1111 1111 1110 and 1111 1111 
Ill\. 


TIMING 
AND CONTROL 
The AD7870/AD7875/AD7876 
is capable of two basic operating 
modes. In the first mode (Mode I), the CONVST line is used to 
start conversion and drive the tracklhold into its hold mode. 
At the end of conversion the tracklhold returns to its tracking 
mode. It is intended principally for digital signal processing and 
other applications where precise sampling in time is required. 
In these applications, it is important that the signal sampling 
occurs at exactly equal intervals to minimize errors due to sam- 
pling uncertainty 
or jitter. For these cases, the CONVST line is 
driven by a timer or some precise clock source. 


The second mode is achieved by hard-wiring the CONVST line 
low. This mode (Mode 2) is intended for use in systems where 
the microprocessor has total control of the ADC, both initiating 
the conversion and reading the data. CS starts conversion and 
the microprocessor will normally be driven into aWAIT 
state 
for the duration of conversion by BUSYIINT. 


DATA OUTPUT 
FORMATS 
In addition to the two operating modes, the AD7870/AD78751 
AD7876 also offers a choice of three data output formats, one 
serial and two parallel. The parallel data formats are a single, 
12-bit parallel word for 16-bit data buses and a two-byte format 
for 8-bit data buses. The data format is controlled by the 12/S 
ICLK input. A logic high on this pin selects the 12-bit parallel 
output format only. A logic low or -5 V applied to this pin al- 
lows the user access to either serial or byte formatted data. 
Three of the pins previously assigned to the four MSBs in paral- 
lel form are now used for serial communications 
while the 
fourth pin becomes a control input for the byte-formatted 
data. 


The three possible data output formats can be selected in either 
of the modes of operation. 


Parallel Output Format 
The two parallel formats available on the part are a 12-bit wide 
data word and a two-byte data word. In the first, all 12 bits of 
data are available at the same time on DBII 
(MSB) through 
DBO (LSB). In the second, two reads are required to access the 
data. When this data format is selected, the DBIIIHBEN 
pin 
assumes the HBEN function. HBEN selects which byte of data 
is to be read from the ADC. When HBEN is low, the lower 8 
bits of data are placed on the data bus during a read operation; 
with HBEN high, the upper 4 bits of the 12-bit word are placed 
on the data bus. These 4 bits are right justified and thereby oc- 
cupy the lower nibble of data while the upper nibble contains 
four zeros. 


Serial Output Format 
Serial data is available on the AD7870/AD7875/AD7876 
when 
the 12/S/CLK input is at 0 V or - 5 V and in this case the 
DBIO/SSTRB, 
DB9/SCLK 
and DB8/SDATA 
pins assume their 


serial functions. Serial data is available during conversion with a 
word length of 16 bits; four leading zeros, followed by the 12- 
bit conversion result starting with the MSB. The data is syn- 
chronized to the serial clock output (SCLK) and is framed by 
the serial strobe (SSTRB). Data is clocked out on a low to high 
transition of the serial clock and is valid on the falling edge of 
this clock while the SSTRB output is low. SSTRB goes low 
within three clock cycles after CONVST, 
and the first serial 
data bit (which is the first leading zero) is valid on the first fall- 
ing edge of SCLK. All three serial lines are open-drain outputs 
• 
and require external pull-up resistors. 


The serial clock out is derived from the ADC clock source 
which may be internal or external. Normally, SCLK is required 
during the serial transmission only. In these cases, it can be shut 
down at the end of conversion to allow multiple ADCs to share 
a common serial bus. However, some serial systems (e.g., 
TMS32020) require a serial clock which runs continuously. 
Both 
options are available on the AD78701AD78751AD7876 using the 
12/S/CLK input. With this input at -5 V, the serial clock 
(SCLK) runs continuously; 
when 12/S/CLK is at 0 V, SCLK is 


turned off at the end of transmission. 


MODE 1 INTERFACE 
Conversion is initiated by a low going pulse on the CONVST 
input. The rising edge of this CONVST pulse starts conversion 
and drives the tracklhold amplifier into its hold mode. Conver- 
sion will not be initiated if the CS is low. The BUSYIINT status 
output assumes its INT function in this mode. INT is normally 
high and goes low at the end of conversion. This INT line can 
be used to interrupt 
the microprocessor. 
A read operation to the 


ADC accesses the data and the 00 line is reset high on the 
falling edge of CS and RD. The CONVST input must be high 
when CS and RD are brought low for the ADC to operate cor- 
rectly in this mode. The CS or RD input should not be hard- 
wired low in this mode. Data cannot be read from the part 
during conversion because the on-chip latches are disabled when 
conversion is in progress. In applications where precise sampling 
is not critical, the CONVST pulse can be generated from a mi- 
croprocessor WR line OR-gated with a decoded address. In 
some applications, depending on power supply turn-on time, the 
AD7870/AD7875/AD7876 
may perform a conversion on power- 
up. In this case, the INT line will power-up low and a dummy 
read to the AD7870/AD7875/AD7876 
will be required to reset 
the INT line before starting conversion. 


Figure 9 shows the Mode I timing diagram for a 12-bit parallel 
data output format (12/S/CLK 
= +5 V). A read to the ADC at 
the end of conversion accesses all 12 bits of data at the same 
time. Serial data is not available for this data output format. 
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The Mode I timing diagram for byte and serial data is shown in 
Figure 10. INT goes low at the end of conversion and is reset 
high by the first falling edge of CS and RD. This first read at 
the end of conversion can either access the low byte or high byte 
of data depending on the status of HBEN (Figure 10 shows low 
byte only for example). The diagram shows both a noncontinu- 
ously and a continuously running clock (dashed line). 


MODE 2 INTERFACE 
The second interface mode is achieved by hard wiring CONVST 
low and conversion is initiated by taking CS low while HBEN is 
low. The tracklhold amplifier goes into the hold mode on the 
falling edge of CS. In this mode, the BUSY/INT 
pin assumes 


~ 
TRACK/HOLD 
CS 
C GOES 
INTO 
HOLD 


its BUSY function. BUSY goes low at the start of conversion, 
stays low during the conversion and returns high when the con- 
version is complete. It is normally used in parallel interfaces to 
drive the microprocessor into aWAIT 
state for the duration of 
conversion. 


Figure II shows the Mode 2 timing diagram for the 12-bit 
parallel data output format (12/S/CLK = +5 V). In this case, 
the ADC behaves like slow memory. The major advantage of 
this interface is that it allows the microprocessor 
to start conver- 


sion, WAIT and then read data with a single READ instruction. 
The user does not have to worry about servicing interrupts 
or 
ensuring that software delays are long enough to avoid reading 
during conversion. 
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The Mode 2 timing diagram for byte and serial data is shown in 
Figure 12. For two-byte data read, the lower byte (DBQ-DB7) 
has to be accessed first since HBEN must be low to start con- 
version. The ADC behaves like slow memory for this first read, 
but the second read to access the upper byte of data is a normal 
read. Operation of the serial functions is identical between Mode 
1 and Mode 2. The timing diagram of Figure 12 shows both a 
noncontinuously 
and a continuously running SCLK (dashed 
line). 


DYNAMIC 
SPECIFICATIONS 
The AD7870 and AD7875 are specified and 100% tested for 
dynamic performance specifications as well as traditional dc 
specifications such as integral and differential nonlinearity. 
Although the AD7876 is not production tested for ac para- 
meters, its dynamic performance is similar to the AD7870 and 
AD7875. The ac specifications are required for signal processing 
applications such as speech recognition, spectrum analysis and 
high speed modems. These applications require information on 
the ADC's effect on the spectral content of the input signal. 
Hence, the parameters for which the AD7870 and AD7875 are 
specified include SNR, harmonic distortion, 
intermodulation 
distortion and peak harmonics. These terms are discussed in 
more detail in the following sections. 


Signal-to-Noise 
Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental 
signals up to 
half the sampling frequency (FS/2) excluding dc. SNR is depen- 
dent upon the number of quantization 
levels used in the digiti- 
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave input 
is given by 


where N is the number of bits. Thus for an ideal 12-bit con- 
verter, SNR = 74 dB. 


The output spectrum from the ADC is evaluated by applying a 


sine-wave signal of very low distortion to the VIN input which is 
sampled at a 100 kHz sampling rate. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be 
obtained. Figure 13 shows a typical 2048 point FFT plot of the 
AD7870KN/AD7875KN 
with an input signal of 25 kHz and a 
sampling frequency of 100 kHz. The SNR obtained from this 
graph is 72.6 dB. It should be noted that the harmonics are 
taken into account when calculating the SNR. 
o 
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Figure 13. FFT Plot 


Effective Number 
of Bits 
The formula given in (I) relates the SNR to the number of bits. 
Rewriting the formula, as in (2), it is possible to get a measure 
of performance expressed in effective number of bits (N). 


SNR-1.76 


6.02 


The effective number of bits for a device can be calculated 
directly from its measured SNR. 


quency of 100 kHz. The effective number of bits typically falls 
between 11.7 and 11.85 corresponding 
to SNR figures of 72.2 
and 73.1 dB. 


.•..... 
--../ 


SAMPLE 
FREQUENCY 
_ 
100kHz 
T,,=2S-C 


~ 
~ ".5 
'"~ 


~ 
11.0 
Z~ 
t; 10.5 
~ 


Total Harmonic 
Distortion 
(THD) 
THO is the ratio of the rms sum of harmonics to the rms value 
of the fundamental. 
For the A07870/A07875, 
THO is defmed 
as 


VV2+V2+V2+V2+V2 
THD 
= 20 log 
2 
1 VI 4 
5 
6 


where VIis 
the rms amplitude of the fundamental and V2' V3' 


V4' V5 and V6 are the rms amplitudes of the second through the 
sixth harmonic. The THO is also derived from the FFT plot of 
the ADC output spectrum. 


Intermodulation 
Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa:!: nfb where 
m, n = 0,1,2,3, etc. Intermodulation 
terms are those for which 
neither m or n are equal to zero. For example, the second order 
terms include (fa + fb) and (fa - fb) while the third order terms 
include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). 


Using the CCIF standard where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves 
while the third order terms are usually at a frequency close to 
the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu- 
lation distortion is as per the THO specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of the fundamental expressed in dBs. In this 
case, the input consists of two, equal amplitude, 
low distortion 
sine waves. Figure IS shows a typical IMO plot for the 
A07870/A07875. 


Peak Harmonic 
or Spurious 
Noise 
Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the AOC output 
spectrum (up to FS/2 and excluding dc) to the rms value of the 
fundamental. 
Normally, the value of this specification will be 
determined 
by the largest harmonic in the spectrum, 
but for 
parts where the harmonics are buried in the noise floor the peak 
will be a noise peak. 
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AC Linearity Plot 
When a sine wave of specified frequency is applied to the V[N 
input of the A07870/ A07875 and several million samples are 
taken, a histogram showing the frequency of occurrence of each 
of the 4096 AOC codes can be generated. 
From this histogram 
data it is possible to generate an ac integral linearity plot as 
shown in Figure 16. This shows very good integral linearity per- 
formance from the A07870/A07875 
at an input frequency of 
25 kHz. The absence of large spikes in the plot shows good dif- 
ferential linearity. Simplified versions of the formulae used are 
outlined below. 


. 
[VIi) 
- 
VIol 
]. 
INL([) = 
Vlfs) _ V(o) . 4096 
-[ 


where INL(i) is the integral linearity at code i. V(fs) and V(o) 
are the estimated full-scale and offset transitions and Veil is the 
estimated transition for the i'" code. 


Veil the estimated code transition point is derived as follows: 


["IT • cum(il] 
VIi) = - A . Cos 
N 


where A is the peak signal amplitude, 
N is the number of histogram samples 


and cum(i) = Ii 
Vln) occurrences 
11=0 


NUCROPROCESSORINTERFACE 
The AD7870/AD7875/AD7876 
has a wide variety of interfacing 
options. It offers two operating modes and three data-output 
formats. Fast data access times allow direct interfacing to most 
microprocessors including the DSP processors. 


Parallel Read Interfacing 
Figures 17 to 19 show interfaces to the ADSP-2100, TMS32010 
and the TMS32020 DSP processors. The ADC is operating in 
Mode I, parallel read for all three interfaces. An external timer 
controls conversion start asynchronously to the microprocessor. 
At the end of each conversion the ADC BUSYIINT interrupts 
the microprocessor. 
The conversion result is read from the ADC 
with the following instruction: 


ADSP-2100: MRO = DM(ADC) 


TMS32010: IN D,ADC 


TMS32020: IN D,ADC 


MRO = ADSP-2100 MRO Register 


D = Data Memory Address 


ADC = AD7870/AD7875/AD7876 
Address 


Some applications may require that conversions be initiated by 
the microprocessor rather than an external timer. One option is 
to decode the CONVST signal from the address bus so that a 
write operation to the ADC starts a conversion. Data is read at 
the end of conversion as described earlier. Note, a read opera- 
tion must not be attempted during conversion. 
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Figure 19. TMS32020 Para/lellnterface 


Two Byte Read Interfacing 
68008 
Interface 
Figure 20 shows an 8-bit bus interface for the MC68008 micro- 
processor. For this interface, the 12/S/CLK input is tied to 0 V 
and the DBIIIHBEN 
pin is driven from the microprocessor 
least significant address bit. Conversion start control is provided 
by the microprocessor. 
In this interface example, a Move in- 
struction from the ADC address both starts a conversion and 
reads the conversion result. 


MOVEW ADC,DO 


ADC = AD7870/AD7875/AD7876 
address 


DO = 68008 DO register 


This is a two byte read instruction. 
During the first read opera- 
tion, BUSY in conjunction with CS forces the microprocessor to 
WAIT for the ADC conversion. At the end of conversion the 
ADC low byte (DB7-DBO) is loaded into D15-D8 of the DO 
register and the ADC high byte (DBI5-DB7) 
is loaded into 


D7-DO of the DO register. The following Rotate instruction 
to the DO register swaps the high and low bytes to the correct 
format. 


ROL = 8, DO. 


Note, while executing the two byte read instruction above, 
WAIT states are inserted during the first read operation only 
and not for the second. 


AD7870/ 
AD7875/ 
AD7876· 


Serial Interfacing 
Figures 21 to 24 show the AD7870/AD7875/AD7876 
configured 
for serial interfacing. In all four interfaces, the ADC is config- 
ured for Mode I operation. The interfaces show a timer driving 
the CONVST input, but this could be generated from a decoded 
address if required. The SCLK, SDAT and SSTRB are open- 
drain outputs. 
If these are required to drive capacitive loads in 
excess 35 pF, buffering is recommended. 


DSP56000 Serial Interface 
Figure 21 shows a serial interface between the AD78701AD78751 
AD7876 and the DSP56000. The interface arrangement is two- 
wire witl!. the ADC configured for noncontinuous 
clock opera- 
tion (12/8/CLK 
= 0 V). The DSP56000 is configured for normal 
mode asynchronous operation with gated clock. It is also set up 
for a 16-bit word with SCK and SCI as inputs and the FSL 
control bit set to a O. In this configuration, 
the DSP56000 
assumes valid data on the first falling edge of SCK. Since the 
ADC provides valid data on this first edge, there is no need for 
a strobe or framing pulse for the data. SCLK and SDATA are 
gated off when the ADC is not performing a conversion. During 
conversion, data is valid on the SDATA output of the ADC and 
is clocked into the receive data shift register of the DSP56000. 
When this register has received 16 bits of data, it generates an 
internal interrupt 
on the DSP56000 to read the data from the 
register. 


12fB/ClK 
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Figure 21. DSP56000 
Serial Interface 


The DSP56000 and AD7870/AD7875/AD7876 
can also be con- 
figured for continuous clock operation (l2/S/CLK 
= - 5 V). In 
this case, a strobe pulse is required by the DSP56000 to indicate 
when data is valid. The SSTRB output of the ADC is inverted 
and applied to the SCI input of the DSP56000 to provide this 
strobe pulse. All other conditions and connections are the same 
as for gated clock operation. 


NEC7720177230 Serial Interface 
A serial interface between the AD7870/AD7875/AD7876 
and the 
NEC7720 is shown in Figure 22. In the interface shown, the 
ADC is configured for continuous clock operation. This can be 
changed to a noncontinuous 
clock by simply tying the 12/S/CLK 
input of the ADC to 0 V with all other connections remaining 
the same. The NEC7720 expects valid data on the rising edge of 
its SCK input and therefore an inverter is required on the 
SCLK output of the ADC. The NEC7720 is configured for a 
16-bit data word. Once the 16 bits of data have been received by 
the SI register of the NEC7720, an internal interrupt 
is gener- 
ated to read the contents of the SI register. 


The NEC77230 interface is similar to that just outlined for the 
NEC7720. However, the clock input of the NEC77230 is 
SICLK. Additionally, no inverter is required between the ADC 
SCLK output and this SICLK input since the NEC77230 
assumes data is valid on the falling edge of SICLK. 


CONVST 


12/ifCLK 


SSTRB AD7870/ 


SCLK :g~:~:! 


SDATA 


Figure 22. NEC7720 Serial Interface 


TMS32020 Serial Interface 
Figure 23 shows a serial interface between the AD78701AD78751 
AD7876 and the TMS32020. The AD7870/AD7875/AD7876 
is 
configured for continuous clock operation. Note, the ADC will 
not interface correctly to the TMS32020 if the ADC is config- 
ured for a noncontinuous 
clock. Data is clocked into the data 
receive register (DRR) of the TMS32020 during conversion. As 
with the previous interfaces, when a 16-bit word is received by 
the TMS32020 it generates an internal interrupt 
to read the data 
from the DRR. 


SClK 
AD78101 
AD7875/ 
SDAlA A07876* 


ADSP-210l/ADSP-2102 
Serial Interface 
Figure 24 shows a serial interface between the AD78701AD78751 
AD7876 and the ADSP-210I/ADSP-2102. 
The ADC is config- 
ured for continuous clock operation. Data is clocked into the 
serial port register of the ADSP-210I/ADSP-2102 
during con- 
version. As with the previous interfaces, when a 16-bit data 
word is received by the ADSP-21OI/ADSP-2102 
an internal 
microprocessor interrupt 
is generated and the data is read from 
the serial port register. 
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STAND-ALONE 
OPERATION 
The AD7870/AD787S/AD7876 
can be used in its Mode 2, paral- 
lel interface mode for stand-alone operation. In this case, con- 
version is initiated with a pulse to the ADC CS input. This 
pulse must be longer than the conversion time of the ADC. The 
BUSY output is used to drive the RD input. Data is latched 
from the ADC DBQ....DBII outputs to an external latch on the 
rising edge of BUSY. 


AD7870/ 
AD7875/ 
AD7876** 
OB'1 


APPLICATION 
HINTS 
Good printed circuit board (PCB) layout is as important as the 
overall circuit design itself in achieving high speed AID perfor- 
mance. The designer has to be conscious of noise both in the 
ADC itself and in the preceding analog circuitry. Switching 
mode power supplies are not recommended 
as the switching 
spikes will feed through to the comparator causing noisy code 
transitions. 
Other causes of concern are ground loops and digital 
feedthrough from microprocessors. 
These are factors which 
influence any ADC, and a proper PCB layout which minimizes 
these effects is essential for best performance. 


LAYOUT 
HINTS 
Ensure that the layout for the printed circuit board has the digi- 
tal and analog signal lines separated as much as possible. Take 
care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 


Establish a single point analog ground (star ground) separate 
from the logic system ground at the AGND pin or as close 
as possible to the ADC. Connect all other grounds and the 
AD7870/AD787S/AD7876 
DGND to this single analog ground 
point. Do not connect any other digital grounds to this analog 
ground point. 


Low impedance analog and digital power supply common 
returns are essential to low noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. The circuit layout of Fig- 
ures 30 and 31 have both analog and digital ground planes 
which are kept separated and only joined together at the 
AD7870/AD787S/AD7876 
AGND pin. 


NOISE 
Keep the input signal leads to VIN and signal return leads from 
AGND as short as possible to minimize input noise coupling. In 
applications where this is not possible, use a shielded cable 
between the source and the ADC. Reduce the ground circuit 
impedance as much as possible since any potential difference in 


grounds between the signal source and the ADC appears as an 
error voltage in series with the input signal. 


DATA ACQUISITION 
BOARD 
Figure 28 shows the AD78701 AD787S1 AD7876 in a data acquisi- 
tion circuit. The corresponding 
printed circuit board (PCB) lay- 
out and silkscreen are shown in Figures 29 to 31. The board 
layout has three interface ports: one serial and two parallel. One 
of the parallel ports is directly compatible with the ADSP-2100 
evaluation board expansion connector. 


The only additional component required for a full data acquisi- 
tion system is an antialiasing fJlter. There is a component grid 
provided near the analog input on the PCB which may be used 
for such a fJlter or any other input conditioning circuitry. To 
facilitate this option there is a shorting plug (labelled LK 1 on 
the PCB) on the analog input track. If this shorting plug is 
used, the analog input connects to the buffer amplifier driving 
the ADC; if this shorting plug is omitted, a wire link can be 
used to connect the analog input to the PCB component grid. • 


INTERFACE 
CONNECTIONS 
There are two parallel connectors labeled SKT4 and SKT6 and 
one serial connector labeled SKTS. A shorting plug option 
(LK3 in Figure 28) on the ADC 12/S/CLK 
input configures 
the AOC for the appropriate interface (see Pin Function 
Description). 


SKT6 is a 96-contact (3-ROW) Eurocard connector which is 
directly compatible with the ADSP-2100 Evaluation Board 
Prototype Expansion Connector. The expansion connector on 
the ADSP-2100 has eight decoded chip enable outputs labeled 
ECEI to ECE8. ECE6 is used to drive the ADC CS input on 
the data acquisition board. To avoid selecting on board RAM 
sockets at the same time, LK6 on the ADSP-2100 board must 
be removed. In addition, the ADSP-2100 expansion connector 
has four interrupts 
labelled EIRQO to EIRQ3. The ADC 
BUSY/INT output connects to EIRQO. There is a single wait 
state generator connected to EDMACK to allow the AOC to 
interface to the faster versions of the ADSP-2100. 


SKT4 is a 26-way (2-ROW) IOC connector. This connector 
contains all the signal contacts as SKT6 with the exception of 
EDMACK which is connected to SKT6 only. It also contains 
decoded RJW and STRB inputs which are necessary for 
TMS32020 interfacing. The SKT4 pinout is shown in 
Figure 26. 


RJW 00 STRB 
iiii 00 NC 
cs 00 NC 


NC ~0 
BusvnNT 


NC .@NC 


DB10/SSTRB @@ OB11IHBEN 


DB8ISDATA @@ DB9/SCLK 


DB6flOW 
@ @ 
DB7/LOW 


DB4IlOW 
@ @ 
CBS/lOW 


DB2IDB10 
@ @ 
DB3fDB11 


DBOfDB8 @ @ 
DB1IDS9 


5V ®® 
5V 


GND@@ 
GND 


SKT5 is a 9 way D-type connector which is meant for serial 
interfacing only. An inverted DB9/SCLK output is also pro- 
vided on this connector for systems which accept data on a ris- 
ing clock edge. The SKT5 pinout is shown in Figure 27. 


II 
00000 
0000 


(,) 
U 
(,) 
Q 
Z 
Z 
Z 
z 


NC = NO CONNECT g 


SKTl, 
SKT2 and SKT3 are three BNC connectors which pro- 
vide input connections for the analog input, the CONVST input 
and an external clock input. The use of an external clock source 
is optional, there is a shorting plug (LK2) on the ADC CLK 
input which must be connected to either -5 V (for the ADCs 
own internal clock) or to SKT3. 


POWER SUPPLY 
CONNECTIONS 
The PCB requires two analog power supplies and one 5 V digi- 
tal supply . The analog supplies are labelled V+ and V-, 
and 
the range for both supplies is 12 V to 15 V (see silkscreen in 
Figure 29). Connection to the 5 V digital supply is made 
through any of the connectors (SKT4 to SKT6). The -5 V sup- 
ply required by the ADC is generated from a voltage regulator 
on the V- power supply input (IC3 in Figure 27). 


SHORTING 
PLUG 
OPTIONS 
There are seven shorting plug options which must be set before 
using the board. These are outlined below: 


LK I 
Connects the analog input to a buffer amplifier. The ana- 
log input may also be connected to a component grid for 
signal conditioning. 


LK2 
Selects either the ADC internal clock or an external clock 
source. 


LK3 
Configures the ADC 12/S/CLK input for the 
appropriate serial or parallel interface. 


LK4 
Connects the ADC RD input directly to the two parallel 
connectors or to a decoded STRB and R!W input. This 
shorting plug setting depends on the microprocessor e.g., 
the TMS32010 has a separate RD output while the 
TMS32020 has STRB and R!W outputs. 


LK5- 
Connect the pull-up resistors R3, R4 and R5 to 
LK7 
SSTRB, SCLK and SDATA. These shorting plugs 
should be removed for parallel interfacing. 


COMPONENT 
LIST 


ICI 
IC2 


IC3 
IC4 
IC5 


CI, C3, C5, C7, 
C9, Cll 


C2, C4, C6, C8, 
CIO, CI2 


RI, R2 


R3*, R5* 


R4* 


LKI, 
LK2 
LK3, LK4 
LK5, LK6, LK7 


SKTl, 
SKT2, SKT3 
SKT4 
SKT5 
SKT6 


AD711 Op Amp 
AD7870/ AD7875/ AD7876 Analog-to- 
Digital Converter 
MC79L05 - 5 V Regulator 
74HCOOQuad NAND Gate 
74HC74 Dual D-Type Flip Flop 


10 fLFCapacitors 


10 kfi Pull-Up Resistors 


4.7 kfi Pull-Up Resistors 


2 kfi Pull-Up Resistor 


Shorting Plugs 


BNC Sockets 
26-Contact (2-Row) IDC Connector 
9-Contact D-Type Connector 
96-Contact (3-Row) Eurocard Connector 
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IIlIIIIII ANALOG 
WDEVICES 


I 
FEATURES 
Complete Monolithic 14-Bit ADC 
2s Complement Coding 
Parallel, Byte and Serial Digital Interface 
80 dB SNR at 10 kHz Input Frequency 
57 ns Data Access Time 
Low Power-50 
mW typ 
83 kSPS Throughput Rate 
16-Lead SOIC (AD7872) 


APPLICATIONS 
Digital Signal Processing 
High Speed Modems 
Speech Recognition and Synthesis 
Spectrum Analysis 
DSP Servo Control 


GENERAL DESCRIPTION 
The AD7871 and AD7872 are fast, complete, l4-bit analog-to- 
digital converters. They consist of a track/hold amplifier, 
successive-approximation 
ADC, 3 V buried Zener reference and 
versatile interface logic. The ADC features a self-contained, la- 
ser trimmed internal clock, so no external clock timing compo- 
nents are required. 
The on-chip clock may be overridden to 
synchronize ADC operation to the digital system for minimum 
noise. 


The AD7871 offers a choice of three data output formats: a sin- 
gle, parallel, l4-bit word; two 8-bit bytes or a l4-bit serial data 
stream. The AD7872 is a serial output device only. The two 
parts are capable of interfacing to all modem microprocessors 
and digital signal processors. 


The AD7871 and AD7872 operate from ±S V power supplies, 
accept bipolar input signals of ±3 V and can convert full power 
signals up to 41.5 kHz. 


In addition to the traditional dc accuracy specifications, the 
AD7871 and AD7872 are also fully specified for dynamic perfor- 
mance parameters including distortion and signal-to-noise ratio. 


Both devices are fabricated in Analog Devices' LC2MOS mixed 
technology process. The AD7871 is available in 28-pin plastic 
DIP, hermetic DIP and PLCC packages. The AD7872 is avail- 
able in l6-pin plastic and hermetic DIP packages or 
l6-lead SOIC. 


LC2MOS 
Complete 14-Bit, Sampling ADCs 


AD7871/AD7872 
I• 


PRODUCT 
ffiGHLIGHTS 
I. Complete l4-Bit ADC on a Chip. 


2. Dynamic Specifications for DSP Users. 


3. Low Power. 


J,I\ 
K,B 
T 
Parameter 
Versionsl 
Versions1 
Version1 
Units 
Test Conditions/Comments 
I 


DYNAMIC 
PERFORMANCE' 
Signal to Noise Ratio' (SNR) @ + 2S·C 
80 
80 
79 
dB min 
VlN = 10 kHz Sine Wave 
Tmin to Tmax 
80 
80 
79 
dB min 
SNR is Typically 82 dB for <VtN<4I.S 
kHz; 
Total Harmonic 
Distortion 
(THO) 
-86 
-90 
dB max 
V1N = 10 kHz Sine Wave 


-85 
dBtyp 
Peak Harmonic 
or Spurious Noise 
-86 
-90 
dB Max 
V1N = 10 kHz. 
-85 
dB typ 
Intermodulation 
Distortion 
(IMD) 


Second Order Terms 
-86 
-90 
dB max 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE= SOkHz 


-85 
dB typ 
Third Order Terms 
-86 
-90 
dB Max 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE= SOkHz 


-85 
dB ryp 
Track/Hold 
Acquisition 
Time 
2 
2 
2 
JLS Max 


DC ACCURACY 
Resolution 
14 
14 
14 
Bits 


Minimum 
Resolution for Which 
No Missing Codes Are Guaranteed 
14 
14 
14 
Bits 


Integral Nonlinearity 
@ + 2S·C 
±1I2 
± 112 
LSB ryp 
Integral Nonlineariry 
±I 
±1 
LSB Max 
Bipolar Zero Error 
±12 
±I2 
±12 
LSB Max 
Positive 
Gain Error4 
±12 
±12 
±12 
LSB Max 
Negative Gain Error' 
±12 
±12 
±12 
LSB Max 


ANALOG 
INPUT 
Input Voltage Range 
±3 
±3 
±3 
Volts 
Input Current 
±SOO 
±SOO 
±SOO 
ILAmax 


REFERENCE 
OUTPUT 
REF OUT @ + 2S·C 
2.99/3.01 
2.99/3.01 
2.99/3.01 
V min!V Max 
Tmin to Tmax 
2.98/3.02 
2.98/3.02 
2.98/3.02 
V min!V Max 
REF OUT Tempco 
±40 
±40 
ppmf'C Max 
Typically 35 ppm 
Reference Load Sensitiviry 


(IlREF OUT/Ill) 
±1 
±1 
±1 
mVmax 
Reference Load Current Change «(}-SOOILA); 
Reference Load Should Not Be Changed During Conversion 


LOGIC INPUTS 
Input High Voltage, VlNH 
2.4 
2.4 
2.4 
Vmin 
Voo = 5 V ± 5% 
Input Low Voltage, V1NL 
0.8 
0.8 
0.8 
Vmax 
Voo = 5 V ± 5% 
Input Current, 
IlN 
±10 
±IO 
±10 
ILAmax 
VlN = 0 V to Voo 
Input Current (l4l8/CLK 
Input Only) 
±10 
±10 
±10 
ILAmax 
V1N = Vss to VDn 
Input Capacitance, 
CIN, 
10 
10 
10 
pFmax 


LOGIC OUTPUTS 
Output 
High Voltage, VoH 
4.0 
4.0 
4.0 
Vmin 
ISoURCE= 40 ILA 
Output 
Low Voltage, VOL 
0.4 
0.4 
0.4 
Vmax 
IS1NK= 1.6 mA 
DB13 - DBO 
Floating-State 
Leakage Current 
10 
10 
10 
ILAmax 
Floating-State 
Output Capacitance' 
IS 
IS 
IS 
pF Max 


CONVERSION 
TIME 
External Clock 
10 
10 
10 
IJ.S Max 
Internal Clock 
10.5 
10.5 
10.5 
J1.S Max 
The Internal Clock Has a Nominal Value of 2 MHz 


POWER 
REQUIREMENTS 
Voo 
+5 
+5 
+5 
V nom 
±S% for Specified Performance 
Vss 
-5 
-5 
-5 
V nom 
±S% for Specified Performance 
100 
13 
13 
13 
mAmax 
Typically 6 mA 
Iss 
6 
6 
6 
mAmax 
Typically 4 mA 
Power Dissipation 
95 
95 
95 
mWmax 
Typically SOmW 


NOTES 
ITemperature 
ranges are as follows: 
1, K versions, 
OOCto + 70°C; A, B versions, 
-40°C 
to +8SoC; T version; -55°C 
to + 125°C. 


2V1N = 
:!:3 V. 


3SNR calculation 
includes distortion 
and noise components. 


4Measured with respect to internal reference. 
'Sample tested (fi 
+25°C to ensure compJiance. 


Specifications 
subject to change without 
notice. 


I 
TIMING CHARACTERISTICS1,2 


Limit at T mg,' T max 
Limit at T miD' T max 
Parameter 
(1, K, A, B Versions) 
(T Version) 
Units 
Conditions/Comments 


t1 
SO 
SO 
os min 
CONVST Pulse Width 
t2 
0 
0 
os min 
CS to RD Setup Time (Mode I) 


t3 
60 
75 
ns min 
RD Pulse Width 
t, 
0 
0 
os min 
CS to RD Hold Time (Mode I) 


t, 
70 
70 
ns rnin 
RD to INT Delay 


1,;3 
57 
70 
ns max 
Data Access Time after RD 
t! 
5 
5 
nsmin 
Bus Relinquish Time after RD 
50 
50 
ns max 
t. 
0 
0 
ns rnin 
HBEN to RD Setup Time 


19 
0 
0 
fiS min 
HBEN to RD Hold Time 
tlO 
100 
100 
ns rnin 
SSTRB to SCLK Falling Edge Setup Time 
tll, 
440 
440 
ns rnin 
SCLK Cycle Time 


1126 
155 
155 
nsmax 
SCLK to Valid Data Delay. CL = 35 pF 
ti3 
140 
ISO 
ns max 
SCLK Rising Edge to SSTRB 
20 
20 
ns lOin 
t1, 
4 
4 
ns rnin 
Bus Relinquish Time after SCLK 
100 
100 
os max 
t1, 
60 
60 
os min 
CS to RD Setup Time (Mode 2) 


t10 
120 
120 
ns max 
CS to BUSY Propagation Delay 
t173 
200 
200 
ns min 
Data Setup Time Prior to BUSY 
t1• 
0 
0 
os min 
CS to RD Hold Time (Mode 2) 


t10 
0 
0 
ns lOin 
HBEN to CS Setup Time 


t20 
0 
0 
ns rnin 
HBEN to CS Hold Time 


• 


NOTES 
'Timing 
Specifications in bold print are 100% production 
tested. All other times are sample tested at +25"<: 
to ensure compliance. 
All input signals are specified with tr = tf == 5 os 


(10% to 90% of 5 V) and timed. from a voltage level of 1.6 V. 
__ 


2Serial timing is measured with a 4.7 kfl pull-up resistor on SDATA and SSTRB and a 2 kO pull-up resistor on SCLK. The capacitance on all three outputs is 35 pF. 
3~ and 111are measured with the load circuits of Figure 1 and defIned as the time required for an output to cross 0.8 V or 2.4 V. 


"(7 is derived from the measured time laken by the data outputs to change 0.5 V when loaded with the circuit of Figure 2. The measured number is then extrapolated 
back to remove 


the effects of charging or discharging the 50 pF capacitor. This means that the time, t7' qUOted in the Timing Characteristics 
is the true bus relinquish time of the pan and is 


independent 
of bus loading. 
5SCLK mark/space ratio (measured from a voltage level of 1.6 V) is 40/60 to 60/40. 
6SDATA will drive higher capacitive loads, but this will add to t)2 since it increases the external RC time constant (4.7 kOI/CLJ and hence the time to reach 2.4 V. 
Specifications subject to change without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS* 
Voo to AGND 
-0.3 
V to +7 V 


Vss to AGND 
+0.3 V to -7 V 
AGND to DGND 
-0.3 
V to Voo 
+ 0.3 V 
VIN to AGND 
Vss - 0.3 V to Voo + 0.3 V 
REF OUT, CREF to AGND 
0 V to Voo 
Digital Inputs to DGND 
. . . . . 
-0.3 
V to Voo 
+ 0.3 V 
Digital Outputs to DGND 
-0.3 
V to Voo 
+ 0.3 V 
Operating Temperature 
Range 
Commercial (], K Versions) 
O°Cto +70°C 
Industrial (A, B Versions) 
-40°C to +85°C 
Extended (T Version) 
-55°C to + 125°C 
Storage Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 
10 sees) 
+ 300°C 
Power Dissipation (Any Package) to +75°C 
450 mW 
Derates above +75°C by 
6 mWrC 


·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. 
Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


TO OUTPUT 


PIN 


C, 


SOpF 1" 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 


however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 


static fields. Unusect devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


CONVST 


2 
CS 


3 
RD 


4 
BUSYIINT 


5 
CLK 


6 
DB 13/HBEN 


HBEN 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DBI 
DBO 


HIGH 
LOW 
LOW 
DB 13 
DBl2 
DB 11 
DB 10 
DB9 
DB8 
LOW 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DBI 
DBO 


7 
DBl2/SSTRB 
Data Bit 12/Serial Strobe. When 14-bit data is selected, this pin provides the DBl2 data output. 
Otherwise it is an active low three-state output which provides a framing pulse for serial data. 


8 
DBll/SCLK 
Data Bit ll/Serial 
Clock. When 14-bit data is selected, this pin provides the DBll 
data output. 


Otherwise SCLK is the gated serial clock output which is derived from the internal or external ADC 
clock. If the 14/8/CLK input is held at -5 V, then the SCLK runs continuously. 
With 14/8/CLK at 
OV, it is gated off (three-state) after serial transmission is complete. 


Data Bit 10/Serial Data. When 14-bit parallel data is selected, this pin provides the DB10 data 
output. Otherwise it is the three-state serial data output used in conjunction with SCLK and SSTRB 
in serial data transmission. 
Serial data is valid on the falling edge of SCLK, when SSTRB is low. 


Three-State 
Data Outputs which are controlled by CS and RD. Their function depends on the state 
of the 14/8/CLK and the HBEN inputs. With 14/8/CLK high, they are always DB9-DB6. 
With 
14/8/CLK low, their function depends on HBEN (see Table I). 


Digital Ground. Ground return for digital circuitry. 


Three-State Data Outputs which are controlled by CS and RD. Their function depends on the 
14/8/CLK and HBEN inputs. With 14/8/CLK high, they are always DB5-DBO. With 14/8/CLK low 
or - 5 V, their function is controlled by HBEN (see Table I). 


Positive Supply, +5 V ± 5%. 


Analog Ground. Ground reference for analog circuitry. 


Decoupling point for on-chip reference. Connect 10 nF between this pin and AGND. 


No Connect. 


Voltage Reference Output. 
The internal 3 V reference is provided at this pin. The external load 
capability is 500 fLA. 


Analog Input. The input range is ±3 V. 


Negative Supply, -5 V ± 5%. 


Three-Function 
Input. Defmes both the parallel and serial data formats. With this pin at + 5 V, the 
output data is 14-bit parallel only. With this pin at 0 V, both byte and serial data are available, and 
the SCLK is noncontinuous. 
With this pin at -5 V, both byte and serial data are available and the 
SCLK is continuous. 


9 
DBIO/SDATA 


10-13 
DB9-DB6 


14 
DGND 


15-20 
DB5/DBI3- 
DBOIDB8 


21 
Voo 


22 
AGND 


23 
CREF 


24 
NC 


25 
REF OUT 


26 
VJN 


27 
Vss 


28 
14l8/CLK 


DIP 
No. 
Mnemonic 


CONTROL 


2 
CONVST 


3 
CLK 


4 
SSTRB 


5 
SCLK 


6 
SDATA 


7 
NC 


8 
DGND 


9 
VDO 


10 
NC 


11 
CREF 


12 
AGND 


13 
REF OUT 


14 
V1N 


15 
Vss 


16 
Voo 


Function 


Control Input. With this pin at 0 V, the SCLK is noncontinuous. 
With this pin at -5 V, the SCLK 
is continuous. 


Convert Start. A low to high transition on this input puts the tracklhold into the hold mode. This 
input is asynchronous to the CLK. 


Clock Input. An external TTL-compatible 
clock may be applied to this input. Alternatively, tying 
this pin to Vss, enables the intemallaser-trimmed 
oscillator. 


This is an active low three-state output which provides a framing pulse for serial data. An external 
4.7 kfi pull-up resistor is required on SSTRB. 


Serial Clock. SCLK is the gated seri,ti clock output which is derived from the internal or external 
ADC clock. If the 14/8/CLK input is at -5 V, then the SCLK runs continuously. 
With CONTROL 
at 0 V, it is gated off (three-state) after serial transmission is complete. SCLK is an open-drain 
output and requires an external 2 kfi pull-up resistor. 


Serial Data. This is the three-state serial data output used in conjunction with SCLK and SSTRB in 
serial data transmission. 
Serial data is valid on the falling edge of SCLK, when SSTRB is low. An 
external 4.7 kfi pull-up resistor is required on SDATA. 


No Connect. 


Digital Ground. Ground return for digital circuitry. 


Positive Supply for analog circuitry, 
+5 V ± 5%. 


No Connect. 


Decoupling point for on-chip reference. Connect 10 nF capacitor between this pin and AGND. 


Analog Ground. Ground reference for analog circuitry. 


Voltage Reference Output. 
The internal 3 V reference is provided at this pin. The external load 
capability is 500 ILA. 


Analog Input. The input range is ±3 V. 


Negative Supply, -5 V ± 5%. 


Positive Supply for analog circuitry, 
+5 V ± 5%. Pin 16 and Pin 9 should be connected together. 
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approximation 
ADC based on a fast settling voltage-output 
DAC, a high speed comparator and CMOS SAR, a track/hold 
amplifier, a 3 V buried Zener reference, a clock oscillator and 
control logic. 


INTERNAL 
REFERENCE 
The AD78711AD7872 has an on-chip temperature 
compensated 
buried Zener reference which is factory trimmed to 3 V 
± 10 mY. Internally it provides both the DAC reference and 
the dc bias required for bipolar operation. Reference noise is 
minimized by connecting a capacitor between CREF and AGND. 
For specified operation this capacitor should be 10 nF. The ref- 
erence output is available (REF OUT) and is capable of provid- 
ing up to 500 fJ.Ato an external load. 


The maximum recommended 
capacitance on REF OUT for nor- 
mal operation is 50 pF. If the reference is required for use ex- 
ternal to the AD7871/AD7872, 
it should be decoupled with a 
200 0 resistor in series with a parallel combination of a 10 fJ.F 
tantalum capacitor and a 0.1 fJ.Fceramic capacitor. These de- 
coupling components are required to remove voltage spikes 
caused by the AD78711AD7872's internal operation. 


TRACK-AND-HOLD 
AMPLIFIER 
The track-and-hold 
amplifier on the analog input of the 
AD78711AD7872 allows the ADC to accurately convert an input 
sine wave of 6 V peak-peak amplitude to 14-bit accuracy. The 
input bandwidth of the track/hold amplifier is much greater 
than the Nyquist rate of the ADC even when the ADC is oper- 
ated at its maximum throughput 
rate. The 0.1 dB cutoff fre- 
quency occurs typically at 500 kHz. The track/hold amplifier 
acquires an input signal to 14-bit accuracy in less than 2 fJ.S. 
The overall throughput 
rate is determined by the conversion 
time plus the track/hold amplifier acquisition time. For a 
2 MHz input clock the throughput 
time is 12 fJ.Smaximum. 


•....""'.•.'" v oJ'" 
1UVUl 
I::> usea. ro srart converSlon, 
then the track to 
hold transition occurs on the rising edge of CONVST. 
If CS on 
the AD7871 starts conversion, this transition occurs on the fall- 
ing edge of CS. 


ANALOG 
INPUT 
Figure 4 shows the AD7871/AD7872 
analog input. The analog 
input range is ±3 V into an input resistance of typically 15 kO. 
The designed code transitions occur midway between successive 
integer LSB values (i.e., 
1/2 LSB, 3/2 LSBs, 5/2 LSBs ... 
FS 
- 3/2 LSBs). The output code is 2s complement binary with 
1 LSB = FS/16384 
= 6 V/16384 
= 366 fJ.V.The ideal input! 
output transfer function is shown in Figure 5. 
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BIPOLAR OFFSET AND FULL·SCALE 
ADJUSTMENT 
When the AD787I1AD7872's offset and full-scale errors need to 
be adjusted, offset error must be adjusted first. This is achieved 
by trimming the offset of the op amp driving the analog input of 
the AD787 11AD7872 while the input voltage is 112LSB below 
AGND. The trim procedure is as follows: apply a voltage of 
-0.183 
mV (-1/2 
LSB) at VI in Figure 6 and adjust the op- 
amp offset voltage until the ADC output code flickers between 
11 1111 1111 1111 and 00 0000 0000 0000. 


Gain error can be adjusted at either the frrst code transition 
(ADC negative full scale) or the last code transition (ADC posi- 
tive full scale). The trim procedures for both cases are as follows 
(see Figure 6). 


Positive Full-Scale 
Adjust 
Apply a voltage of 2.9995 V (FS/2 -312 LSBs) at V, and adjust 
R2 until the ADC output code flickers between 0I 1111 1111 
1110 and 01 11111111 
1111. 


Negative Full-Scale 
Adjust 
Apply a voltage of -2.9998 
V (-FS/2+1/2 
LSB) at VI and 
adjust R2 until the ADC output code flickers between 10 0000 
ססooססoo and 10ססoo 0000 0001. 


UNIPOLAR 
OPERATION 
A typical unipolar circuit is shown in Figure 7. The AD78711 
AD7872 REF OUT is used to offset the analog input by 3 V. 
The analog input range is determined 
by the ratio of R3 to R4. 
The minimum range with which the circuit will work is 0 to 
+ 3 V. The resistor values are given in Figure 7 for input ranges 
of 0 to +5 V and 0 to + 10 V. R5 and R6 are included for offset 
and full scale adjust only and should be omitted if adjustment is 
not required. 


INPUT 
RANGE 
=Oto 
+5V 
IOta 
+10VI 


The ideal input/output 
transfer function is shown in Figure 8. 
The output can be converted to straight binary by inverting the 
MSB. 
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UNIPOLAR 
OFFSET 
AND FULL-SCALE 
ADJUSTMENT 
When absolute accuracy is required, offset and full-scale error 
can be adjusted to zero. Offset must be adjusted before full- 
scale. This is achieved by applying an input voltage of (112 LSB) 
to VI and adjust R6 until the ADC output code flickers between 
10 0000ססoo 0000 and 10ססoo 0000 0001. For full-scale adjust- 
ment apply an input voltage of (FS - 3/2 LSBs) to Viand 
adjust 
R5 until the output code flickers between 01 1111 1111 III 0 
and 01 1111 1111 1111. 
• 


TIMING 
AND CONTROL 
The conversion time for both external and internal clock can 
vary from 19 to 20 rising clock edges depending on the conver- 
sion start to ADC clock synchronization. 
If a conversion is initi- 
ated within 30 ns prior to a rising edge of the ADC clock, the 
conversion time will consist of 20 rising clock edges. 


There are two basic operating modes for the AD787 I. In the 
first mode (Mode I) the CONVST line is used to start conver- 
sion and drive the tracklhold into its hold mode. At the end of 
conversion, the tracklhold returns to its tracking mode. It is in- 
tended principally for digital signal processing and other applica- 
tions where precise sampling in time is required. 
In these 
applications, it is important that the signal sampling occurs at 
exactly equal intervals to minimize errors due to sampling un- 
certainty or jitter. For these cases, the CONVST line is driven 
by a timer or some precise clock source. 


The second mode is achieved by hard-wiring the CONVST line 
low. This mode (Mode 2) is intended for use in systems where 
the microprocessor has total control of the ADC, both initiating 
the conversion and reading the data. CS and RD start conver- 
sion, and the microprocessor will normally be driven into a 
WAIT state for the duration of conversion by BUSY/INT. 


The AD7872 has one operating mode only. This is Mode I, de- 
scribed above, which uses CONVST to start conversion. 


DATA OUTPUT 
FORMATS 
The AD7871 offers a choice of three data output formats, one 
serial and two parallel. The parallel data formats include a single 
l4-bit parallel word for 16-bit data buses and a two-byte format 
for 8-bit data buses. The data format is controlled by the 
14/8/CLK 
input. A logic high on this pin selects the 14-bit par- 
allel output format only. A logic low or -5 V applied to this pin 
allows the user access to either serial or byte formatted data. 
Three of the pins previously assigned to the four MSBs in paral- 
lel form are now used for serial communications 
while the 
fourth pin becomes a control input for the byte-formatted 
data. 


The three possible data output formats can be selected in either 
of the modes of operation. 


The AD7872 is a serial output device only. The serial data for- 
mat is exactly the same as the AD7871. 


Parallel Output Format 
The two parallel formats available on the AD7871 are a 14-bit 
wide data word and a two-byte data word. In the first, all 14 
bits of data are avaihible at the same time on DBI3 (MSB) 
through DBO (LSB). In the second, two reads are required to 
access the data. When this data format is selected, the 
DBI3/HBEN 
pin assumes the HBEN function. HBEN ,elects 
which byte of data is to be read from the AD7871. When 
HBEN is low, the lower 8 bits of data are placed on the data 
bus during a read operation; with HBEN high, the upper 6 bits 


of the l4-bit word are placed on the data bus. These 6 bits are 
right justified and thereby occupy the lower six bits of the byte 
while the upper two bits are zeros. 


Serial Output Format 
Serial data is available on the AD7871 when the l4/8/CLK 
input is at 0 V or -5 V and in this case the DBI2/SSTRB, 
DBlllSCLK 
and DBIO/SDATA pins assume their serial func- 
tions. The AD7872 is a serial output device only. The serial 
function on both devices is identical. Serial data is available dur- 
ing conversion with a word length of 16 bits; 2 leading zeros, 
followed by the l4-bit conversion result starting with the MSB. 
The data is synchronized to the serial clock output (SCLK) and 
is framed by the serial strobe (SSTRB). Data is clocked out on a 
low to high transition of the serial clock and is valid on the fall- 
ing edge of this clock while the SSTRB output is low. SSTRB 
goes low at the start of conversion and the first serial data bit 
(which is the first leading zero) is valid on the first falling edge 
of SCLK. All the serial lines are open-drain outputs and require 
external pull-up resistors. 


The serial clock out is derived from the ADC master clock 
source which may be internal or external. Normally, SCLK is 
required during the serial transmission only. In these cases it 
can be shut down (i.e., placed into three-state) at the end of 
conversion to allow multiple ADCs to share a common serial 
bus. However, some serial systems (e.g., TMS32020) require a 
serial clock which runs continuously. 
Both options are available 


on the AD7871 and AD7872. With the l4/8/CLK 
input on the 
AD7871 at - 5 V, the serial clock (SCLK) runs continuously; 
when l4/8/CLK 
is at 0 V, SCLK goes into three-state at the end 


of transmission. 
The CONTROL 
pin on the AD7872 performs 
the same function. When this is at 0 V, SCLK is noncontinuous 
and when it is at -5 V, SCLK is continuous. 


The SCLK, SDATA and SSTRB lines are open-drain outputs. 
If these are required to drive capacitive loads in excess of 35 pF, 
buffering is recommended. 


MODE 1 INTERFACE 
Conversion is initiated by a low going pulse on the CONVST 
input. The rising edge of this CONVST pulse starts conversion 
and drives the tracklhold amplifier into its hold mode. The 
BUSY/INT status output assumes its INT function in this 
mode. INT is normally high and goes low at the end of conver- 
sion. This INT line can be used to interrupt 
the microprocessor. 


A read operation to the AD7871 accesses the data and the INT 
line is reset high on the falling edge of CS and RD. The 
CONVST input must be high when CS and RD are brought 
low for the AD7871 to operate correctly in this mode. It is im- 
portant, especially in systems where the conversion start (CON- 
VST) pulse is asynchronous to the microprocessor, 
to ensure 
that a parallel or byte data read is not attempted during 
a conversion. Trying to read data during a conversion can 
cause errors to the conversion in progress. Avoid pulsing the 
CONVST line a second time before conversion end since it can 
cause errors in the conversion result. In applications where pre- 
cise sampling is not critical, the CONVST pulse can be gener- 
ated from microprocessor WR line OR-gated with the AD7871 
CS input. In some applications, depending on power supply 
turn-on time, the AD78711AD7872 may perform a conversion 
on power-up. In this case, the INT line on the AD7871 will 
power up low, and a dummy read to the device will be required 
to reset the INT line before starting conversion. 


Figure 9 shows the Mode 1 timing diagram for a l4-bit parallel 
data output format (l4/8/CLK 
= +5 V). A read to the AD7871 
at the end of conversion accesses all 14 bits of data at the same 
time. Serial data is not available for this data output format. 
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The Mode 1 function timing diagram for byte and serial data is 
shown in Figure 10. INT goes low at the end of conversion and 
is reset high by the first falling edge of CS and RD. This first 
read at the end of conversion can either access the low-byte or 
high byte of data depending on the status of HBEN (FiglJre 10 
shows low byte for example only). The diagram shows both the 
SCLK output going into three-state at the end of transmission 
and a continuously running clock (dashed line). 


MODE 2 INTERFACE 
The second interface mode is achieved by hard-wiring CONVST 
low and conversion is initiated by taking CS low while HBEN is 
low. The tracklhold amplifier goes into the hold mode on the 
falling edge of CS. In this mode the BUSY/INT 
pin assumes 


its BUSY function. BUSY goes low at the start of conversion, 
stays low during the conversion and returns high when the con- 
version is complete. It is normally used in parallel interfaces to 
drive the microprocessor into a WAIT state for the duration of 
conversion. 


Figure 11 shows the Mode 2 timing diagram for the l4-bit par- 
allel data output format (l4/8/CLK 
= +5 V). In this case the 
ADC behaves like slow memory. The major advantage of this 
interface is that it allows the microprocessor to start conversion, 
WAIT and then read data with a single READ instruction. 
The 


user does not have to worry about servicing interrupts 
or ensur- 


ing that software delays are long enough to avoid the reading 
during conversion. 


The Mode 2 timing diagram for byte and serial data is shown in 
Figure 12. For two-byte data read, the lower byte (DBQ-DB7) 
has to be accessed first since HBEN must be low to start con- 
version. The ADC behaves like slow memory for this first read, 
but the second read to access the upper byte of data is a normal 
read. Operation to the serial functions is identical between Mode 
1 and Mode 2. Once again, the timing diagram of Figure 12 
shows SCLK going into three-state or running continuously 
(dashed line). 
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DYNAMIC 
SPECIFICATIONS 
The AD7871/AD7872 
is specified and tested for dynamic perfor- 
mance specifications as well as traditional de specifications such 
as Integral and Differential Nonlinearity. 
These ac specifications 
are required for the signal processing applications such as 
Speech Recognition, Spectrum Analysis, and High Speed 
Modems. These applications require information on the effects 
on the spectral content of the input signal. Hence, the parame- 
ters for which the AD7871/AD7872 
is specified include SNR, 
Harmonic Distortion, 
Intermodulation 
Distortion and Peak Har- 
monics. These terms are discussed in more detail in the follow- 
ing sections. 


Signal-to-Noise 
Ratio (SNR) 
SNR is the measured signal to noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental 
signals up to 
half the sampling frequency (fsl2) excluding de. SNR is depen- 
dent upon the number of quantization levels used in the digiti- 
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave input 
is given by: 


where N is the number of bits in the ADC. Thus for an ideal 
14-bit converter, SNR = 86 dB. 


The output spectrum from the ADC is evaluated by applying a 
sine wave signal of very low distortion to the VIN input which is 
sampled at an 83 kHz sampling rate. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be ob- 
tained. Figure 13 shows a typical 2048 point FFT plot of the 
AD78711AD7872 with an input signal of 10 kHz and a sampling 
frequency of 83 kHz. The SNR obtained from this graph is 
80 dB. It should be noted that the harmonics are included when 
calculating the SNR. 


INPUT FREQUENCY"", 10 kHz 
SAMPlE 
FREQUENCY = 60 kHz 
SNR = 10 dB 


fA::o 
+2S"'C 


Effective Number of Bits 
The formula given in Equation I relates the SNR to the number 
of bits. Rewriting the formula, as in Equation 2, it is possible to 
get a measure of performance expressed in effective number of 
bits (N). 


The effective number of bits for a device can be calculated di- 
rectly from its measured SNR. Figure 14 shows a typical plot of 
effective number of bits versus frequency for the 
AD7871/AD7872 
with a sampling frequency of 60 kHz. 
. 
SAMPlE 
FREQUENCY = 60 kHz 
T" = +25OC 
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Harmonic 
Distortion 
Harmonic Distortion is the ratio of the rms sum of harmonics to 
the fundamental. 
For the AD787I1AD7872, Total Harmonic 
Distortion (THD) is defined as 


"\Iv 2 + V 2 + V 2 + V 2 + V 2 
THDldB) 
= 20 log 
2 
3 
V 
I 


4 
5 
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where V I is the rms amplitude of the fundamental and V2> V" 
V4' V5 and V6 are the rms amplitudes of the second through the 
sixth harmonic. The THD is also derived from the FFT plot of 
the ADC output spectrum. Figure 15 shows how the THD var- 
ies with input frequency . 
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Intermodulation 
Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa:tnfb 
where 
m, n = 0, 1,2,3, 
etc. Intermodulation 
terms arc those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa+fb) and (fa-fb), 
while the third order 
terms include (2fa+fb), 
(2fa-fb), 
(fa+2fb) and (fa-2fb). 


Using the CCIF standard where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves 
while the third order terms are usually at a frequency close to 
the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu- 
lation distortion is as per the THD specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of the fundamental expressed in dBs. In this 
case, the input consists of two, equal amplitude, low distortion 
sine waves. Figure 16 shows a typical IMD plot for the 
AD7871/ AD7872. 


INPUT 
FREQUENCIES 
Fl ::: 9.21 kHz 
F2::: 
9.51 kHz 
SAMPLE FREQUENCY:: 
60 kHz 
fA:: 
+25"C 


IMD 
ALL TERMS:: 
-90.85 dB 
2ND ORDER TERM = -92.38 
dB 
3RD ORDER TERM = -96.12 
dB 
~, 
o 
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Peak Harmonic 
or Spurious Noise 
Peak Harmonic or Spurious Noise is dermed as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fs/2 and excluding de) to the rms value of the 
fundamental. 
Normally, the value of this specification will be 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor peak will 
be a noise peak. 


MICROPROCESSOR 
INTERFACE 
The AD7871 and AD7872 have a wide variety of interfacing 
options. The AD7871 offers two operating modes and three 
data-output 
formats, while the AD7872 is a dedicated serial out- 
put device. The fast data access times on the parallel modes of 
the AD7871 allow interfacing to the very fast DSPs. The serial 
mode on both the AD787I and AD7872 is compatible with the 
serial port structures on all the popular DSPs. 


Parallel Read Interfacing 
Figures 17 and 18 show interfaces to the ADSP-2IOO and the 
TMS32020/C25 
DSP processors. The AD7871 is operating in 
Mode 1, parallel read for both interfaces. An external timer con- 
trols conversion start asynchronously to the microprocessor. At 


the end of each conversion the ADC BUSY/INT 
interrupts 
the 
microprocessor and the conversion result is read from the ADC 
with the following instruction: 


ADSP-2100 MRO = DM(ADC) 


TMS32020/C25: 
IN D,ADC 


MRO = ADSP-2100 MRO Register 


D = Data Memory Address 


ADC = AD7871 Address 
• 
DMA14 


OMAO 


14/B/CLK 


BUSY/INT 


iiD 


Some applications may require that conversions be initiated by 
the microprocessor rather than an external timer. One option is 
to decode the AD7871 CONVST from the address bus so that a 
write operation to the ADC starts a conversion. Data is read at 
the end of conversion as described earlier. Note, a read opera- 
tion must not be attempted during conversion. 


lact:. 1ne Qlagrams that tollow show the AD7872 interfaces only 
but the AD7871 could just as easily be used in these circuits. 
Figures 19, 20 and 21 show the AD7872 connected to three 
popular DSPs. In all three interfaces, CONVST is used to start 
conversion since this does not activate the parallel bus. Thus, 
the microprocessor can continue to use its parallel bus regardless 
of the state of the AD7872. The interfaces show a timer driving 
the CONVST input but this could be generated from a decoded 
address if required. 


AD7872 - DSP56000 Serial Interface 
Figure 19 shows a serial interface between the AD7872 and the 
DSP56000. The interface arrangement is two-wire with the 
AD7872 configured for noncontinuous 
clock operation CON- 
TROL 
= 0 V). The DSP56000 is configured for Normal Mode 
Asynchronous Operation with Gated Clock. It is set up for a 
16-bit word with SCK as an input and the FSL control bit set 
to a O. In this configuration, 
the DSP56000 assumes valid data 
on the first falling edge of SCK. Since the AD7872 provides 
valid data on this first edge, there is no need for a strobe or 
framing pulse for the data. SCLK and SDATA are three-stated 
when the AD7872 is not performing a conversion. During con- 
version data is valid on the SDATA output of the AD7872 and 
is clocked into the Receive Data Shift Register of the 
DSP56000. When this register has received 16 bits of data, it 
generates an internal interrupt on the DSP56000 to read the 
data from the register. 


The DSP56000 and AD7872 can also be configured for continu- 
ous clock operation. In this case a strobe pulse is required by 
the DSP56000 to indicate when data is valid. The SSTRB out- 
put of the AD7872 is inverted and applied to the SCI input of 
the DSP56000 to provide this strobe pulse. All other conditions 
and connections are the same as for the gated clock operation. 


AD7872 - TMS32020/C25 Serial Interface 
Figure 20 shows a serial interface between the AD7872 and the 
TMS32020/C25. The AD7872 is configured for continuous clock 
operation. Note, the ADC will not interface correctly to the 
TMS32020/C25 if it is configured for a noncontinuous 
clock. 


Data is clocked into the Data Receive Register (DRR) of the 
TMS32020/C25 during conversion. As with the previous inter- 
faces, when a 16-bit word is received by the DSP it generates an 
internal interrupt 
to read the data from the DRR. 
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AD7872 - ADSP-21Ol/ADSP-2102 
Serial Interface 
Figure 21 shows a serial interface between the AD7872 and the 
ADSP-210I/ADSP-2102 
DSP Microcomputer. 
The AD7872 is 
configured for continuous clock operation. Data is clocked into 
the serial port register of the microcomputer 
during conversion. 


As with the previous interfaces, when a 16-bit data word is re- 
ceived by the ADSP-21OI/ADSP-2102 
an internal microproces- 
sor interrupt 
is generated and the data is read from the serial 
port register. 


SCLK 


SDATA 


STAND-ALONE 
OPERATION 
The AD7871 can be used in its Mode 2, parallel mode for 
stand-alone operation. In this case, conversion is initiated with a 
pulse to the CS input. This pulse must be longer than the con- 
version time of the ADC. The BUSY output is used to drive the 
RD input. Data is latched from the AD7871 DBQ-DBll 
out- 
puts to an external latch on the rising edge of BUSY. 


APPLICATION 
HINTS 
Good printed circuit board (PCB) layout is as important as the 
circuit design itself in achieving high speed AID performance. 
The AD7871/AD7872 is required to make bit decisions on an 
LSB size of 366 f.LV. Thus, the designer has to be conscious of 
noise both in the ADC itself and in the preceding analog cir- 
cuitry. Switching mode power supplies are not recommended 
as 
the switching spi.kes will feed through to the comparator causing 
noisy code transitions. Other causes of concern are ground loops 
and digital feedthrough from microprocessors. 
These are factors 
which influence any ADC, and a proper PCB layout which min- 
imizes these effects is essential for best performance. 


LAYOUT 
HINTS 
Ensure that the layout for the printed circuit board has the digi- 
tal and analog signal lines separated as much as possible. Take 
care not to run a digital track alongside an analog signal track. 
Guard (screen) the analog input with AGND. 


Establish a single point analog ground (star ground) separate 
from the logic system ground at the AD787lfAD7872 
AGND 
pin or as close as possible to the AD7871/ AD7872. Connect all 
other grounds and the AD7871/AD7872 DGND to this single 
analog ground point. Do not connect any other digital grounds 
to this analog ground point. 


Low impedance analog and digital power supply common re- 
turns are essential to low noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. The circuit layout of Figures 
26 and 27 have both analog and digital ground planes which are 
kept separated and only joined together at the AD7871/ AD7872 
AGND pin. 


NOISE 
Keep the input signal leads to VIN and signal return leads from 
AGND as short as possible to minimize input noise coupling. In 
applications where this is not possible, use a shielded cable be- 
tween the source and the ADC. Reduce the ground circuit im- 
pedance as much as possible since any potential difference in 
grounds between the signal source and the ADC appears as an 
error voltage in series with the input signal. 


DATA ACQUISITION 
BOARD 
Figure 24 shows the AD7871/ AD7872 in a data acquisition cir- 
cuit. The corresponding printed circuit board (PCB) layout has 
three interface ports: one serial and two parallel. Note that the 
AD7871/AD7872 serial lines are buffered by a 74HC244. This 
allows long lines with large capacitive loads to be driven. One of 
the parallel ports is directly compatible with the ADSP-2100 
evaluation board expansion connector. 


The only additional component required for a full data acquisi~ 
tion system is an anti-aliasing filter. There is a component grid 
provided near the analog input on the PCB which may be used 
for such a filter or any other input conditioning circuitry. To 
facilitate this option, there is a shorting plug (labelled LKI on 
the PCB) on the analog input track. If this shorting plug is 
used, the analog input connects to the buffer amplifier driving 
the AD787lfAD7872; 
if this shorting plug is omitted, a wire 
link can be used to connect the analog input to the PCB compo- 
nent grid. 


INTERFACE 
CONNECTIONS 
There are two parallel connectors labeled SKT4 and SKT6 and 
one serial connector labeled SKTS. A shorting plug option 
(LK3 in Figure 24) configures the ADC for the appropriate 
interface. 


SKT6 is a 96-contact (3-row) Eurocard connector which is di- 
rectly compatible with the ADSP-2100 Evaluation Board Proto- 
type Expansion Connector. The expansion connector on the 
ADSP-2100 has eight decoded chip enable outputs labeled ECEI 
to ECE8. ECE6 is used to drive the AD7871 CS input on the 
board. To avoid selecting the on-board RAM sockets at the 
same time, LK6 on the ADSP-2100 board must be removed. In 
addition, the ADSP-2100 expansion connector has four inter- 


rupts labelled EIRQO to EIRQ3. The AD7871 BUSYIINT out- 
put connects to EIRQO. There is a single wait state generator 
connected to EDMACK to allow the AD7871 to interface to the 
faster versions of the ADSP-2100. 


SKT4 is a 26-way (2-row) IDC connector. This contains the 
same signal contacts as SKT6 except for EDMACK which is 
connected to SKT6 only. It also contains decoded RJW and 
STRB inputs which are necessary for TMS32020 interfacing. 


SKTS is as-way 
D-type connector which is meant for serial in- 


terfacing only. An inverted DBIlfSCLK 
output is also provided 
on this connector for systems which accept data on a 
rising clock edge. 


SKTI, 
SKT2 and SKT3 are three BNC connectors which pro- 
vide connections for the analog input, the CONVST input and 
an external clock. 
• 


RJW 00 STAB 


iffi 00 NC 
cs 00 NC 


NC 
~~ 


BUSYIINT 


DB12/SSTRB 
DS13/HBEN 


DB10/SDATA @@ DB11'SClK 


DBS/LOW @@ DB9/l0W 


DB6IlOW 
@> ® 
DB7/LOW 


08410012 ® @) 
085/0813 


DB2JDB10 @ @ 
083/0811 


DOOJOse @ @ 
oe11089 
5V@@ 
5V 


GND @) @ 
GNO 


Ne = NO CONNECT 


Figure 22. SKT4 Pinout 
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POWER SUPPLY 
CONNECTIONS 
The PCB requires two analog power supplies and one S V logic 
supply. The analog supplies are labelled V+ and V-, 
and the 


range for both supplies is 12 V to IS V. Connection to the S V 
digital supply is made through any of the connectors SKT4 to 
SKT6. The :!:S V supply required by the AD7871 and AD7872 
is generated from voltage regulators on the V+ and V- power 
supplies input (IC6 and IC7 in Figure 24). 


SHORTING 
PLUG 
OPTIONS 
There are seven shorting plug options which must be set before 
using the board. These are outlined below: 


LK I 
Connects the analog input to a buffer amplifier. The ana- 
log input may also be connected to a component grid for 
signal conditioning. 


LK2 
Selects either the AD7871/ AD7872 internal clock or an 
external clock source. 
LK3 
Configures the AD7871 14/8/CLK input for the appropri- 
ate serial or parallel interface. 
LK4 
Connects the AD7871 RD input directly to the two paral- 
lel connectors or to a decoded STRB and RJW input. 
Connects the pull-up resistor R3 to SSTRB. 
Connects the pull-up resistor R4 to SCLK. 
Connects the pull-up resistor RS to SDATA. 


LKS 
LK6 
LK7 


Note that LKS to LK7 should be removed for parallel 
interfacing. 
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Temperature 
Relative 
Package 
Model,,2 
Range 
SNR 
Accuracy 
Option' 


AD787IJN 
O°Cto +70°C 
80 dBs min 
N-28 
AD787IKN 
O°Cto +70°C 
80 dBs min 
±l Max 
N-28 
AD787IJP 
O°Cto +70°C 
80 dBs min 
P-28A 
AD787lKP 
O°Cto +70°C 
80 dBs min 
±l Max 
P-28A 
AD787IAQ 
-40°C to -"-85°C 
80 dBs min 
Q-28 
AD7871BQ 
-40°C to -r85°C 
80 dBs min 
±l Max 
Q-28 
AD7871TQ4 
-55°C to + 125°C 79 dBs min 
±lmax 
Q-28 


NOTES 
'To order MIL-STD-883, 
Class B, processed parts, add /883B to part 
number. Contact local sales office for military data sheet. 
'Contact local sales office for LCCC availability. 
'N = Plastic DIP; P = Plastic Leaded Chip Cartier (PLCC); Q = Cerdip. 
For outline 
information 
see Package 
Information 
section. 
'Available to /883B processing only. 


Temperature 
Relative 
Package 
Model' 
Range 
SNR 
Accuracy 
Option2 


AD7872JN 
O°Cto +70°C 
80 dBs min 
N-16 
AD7872KN 
O°Cto +70°C 
80 dBs min 
±l Max 
N-16 
AD7872JR 
O°Cto +70°C 
80 dBs min 
R-16 
AD7872KR 
O°Cto +70°C 
80 dBs min 
±l Max 
R-16 
AD7872AQ 
-40°C to + 85°C 
80 dBs min 
Q-16 
AD7872BQ 
-40°C to + 85°C 
80 dBs min 
±lmax 
Q-16 
AD7872TQ' 
- 55°C to + 125°C 79 dBs min 
±lmax 
Q-16 


NOTES 
'To order MIL-STD-883, 
Class B, processed parts, add /883B to part 
number. Contact local sales office for military data sheet. 
'N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 
'Available to /883B processing only. 


IllIIIIIIII ANALOG 
WDEVICES 


I 
FEATURES 
Four On-Chip Track/Hold Amplifiers 
Simultaneous Sampling of 4 Channels 
Fast 12-Bit ADC with 8 •.•.s Conversion Time/Channel 
29 kHz Sample Rate for All Four Channels 
On-Chip Reference 
±10 V Input Range 
±5 V Supplies 


APPLICATIONS 
Sonar 
Motor Controllers 
Adaptive Filters 
Digital Signal Processing 


GENERAL DESCRIPTION 
The AD7874 is a four-channel simultaneous sampling, 12-bit 
data acquisition system. The part contains a high speed 12-bit 
ADC, on-chip reference, on-chip clock and four tracklhold am- 
plifiers. This latter feature allows the four input channels to be 
sampled simultaneously, 
thus preserving the relative phase infor- 
mation of the four input channels, which is not possible if all 
four channels share a single tracklhold amplifier. This makes the 
AD7874 ideal for applications such as phased-array sonar and ac 
motor controllers where the relative phase information is impor- 
tant. 


The aperture delay of the four tracklhold amplifiers is small and 
specified with minimum and maximum limits. This allows sev- 
eral AD7874s to sample multiple input channels simultaneously 
without incurring phase errors between signals connected to sev- 
eral devices. A reference output/reference 
input facility also al- 
lows several AD7874s to be driven from the same reference 
source. 


In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the AD7874 is also fully 
specified for dynamic performance parameters including distor- 
tion and signal-to-noise ratio. 


The AD7874 is fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low-power CMOS logic. 
The part is available in a 28-pin, 0.6" wide, plastic or hermetic 
dual-in-line package (DIP), in a 28-terminalleadless 
ceramic 
chip carrier (LCCC) and in a 28-pin sorc. 


LC2MOS4-Channel, 12-Bit 
Simultaneous Sampling 
Data Acquisition System 


AD7874 
I• 


PRODUCT HIGHLIGHTS 
J. Simultaneous Sampling of Four Input Channels. 
Four input channels, each with its own tracklhold amplifier, 
allow simultaneous sampling of input signals. Tracklhold 
ac- 
quisition time is 2 fLS, and the conversion time per channel is 
8 fLS, allowing 29 kHz sample rate for all four channels. 


2. Tight Aperture Delay Matching. 
The aperture delay for each channel is small and the aperture 
delay matching between the four channels is less than 4 ns. 
Additionally, the aperture delay specification has upper and 
lower limits allowing multiple AD7874s to sample more than 
four channels. 


3. 
Fast Microprocessor Interface. 
The high speed digital interface of the AD7874 allows direct 
connection to all modern l6-bit microprocessors and digital 
signal processors. 


AD7874 
SPECIFICATIONS 
lVuu = +5V, 
Vss = -5V,AGNO 
= OGNO= av, REFIN = +3V, 
fell( = 2.5 MHz 
- 
external. All specifications Tmi• to Tmax unless otherwise noted.) 


Parameter 


A 
A Version 
B Version 
S Version 
Units 
Test Conditions/Comments 


SAMPLE-AND-HOLD 
Acquisition Time' 
to 0.01% 
2 
2 
2 
ILSmax 
Droop Rate" , 
1 
1 
2 
mV/msmax 
- 3 dB Small Signal Bandwidth' 
SOO 
Soo 
SOO 
kHz typ 
VIN = Soo mV p-p 
Aperture 
Delai 
0 
0 
0 
os m.in 


40 
40 
40 
ns max 
Aperture Jiller'- 
, 
200 
200 
200 
ps typ 


Aperture 
Delay Matching' 
4 
4 
4 
ns max 


SAMPLE-AND-HOLD 
AND ADC 
DYNAMIC 
PERFORMANCE 


Signal-to-Noise 
Ratio 
70 
71 
70 
dBmin 
fIN = 10 kHz Sine Wave, fSAMPLE= 29 kHz 
Total Harmonic 
Distortion 
-80 
-80 
-80 
dB max 
fIN = 10 kHz Sine Wave, fSAMPLE= 29 kHz 
Peak Harmonic 
or Spurious Noise 
-80 
-80 
-80 
dB max 
fIN = 10 kHz Sine Wave, fSAMPLE= 29 kHz 
Intermodulation 
Distortion 
fa = 9 kHz, fb = 9.S kHz, fSAMPLE= 29 kHz 


2nd Order Terms 
-80 
-80 
-80 
dBmax 
3rd Order Terms 
-80 
-80 
-80 
dBmax 
Channel-to-Channel 
Isolation' 
-80 
-80 
-80 
dBmax 


DC ACCURACY 
Resolution 
12 
12 
12 
Bits 


Relative Accuracy 
±1 
±l/2 
±1 
LSB max 
Differential 
Nonlinearity 
±1 
±1 
±1 
LSB max 
No Missing Codes Guaranteed 
Positive Full-Scale Error' 
±S 
±S 
±S 
LSBmax 
Any Channel 
Negative Full-Scale Error' 
±S 
±S 
±S 
LSBmax 
Any Channel 
Full-Scale Error Match 
5 
S 
5 
LSBmax 
Between Channels 


Bipolar Zero Error 
±S 
±S 
±S 
LSB max 
Any Channel 
Bipolar Zero Error Match 
4 
4 
4 
LSB max 
Between Channels 


ANALOG 
INPUTS 
Input Voltage Range 
±10 
±10 
±10 
Volts 


Input Current 
±600 
±600 
±600 
!LAmax 


REFERENCE 
OUTPUT' 


REF OUT 
3 
3 
3 
V nom 
REF OUT Error @ +2S'C 
±0.33 
±0.33 
±0.33 
%max 
Tmin to Tmax 
±1 
±1 
±1 
%max 
REF OUT Temperature 
Coefficient 
±3S 
±35 
±3S 
ppmI'C typ 
Reference Load Change 
±1 
±1 
±2 
mV max 
Reference Load Current Change «}.-Soo !LA) 
Reference Load Should Not Be Changed During Conversion 


REFERENCE 
INPUT 
Input Voltage Range 
2.8S/3.1S 
2.8S/3.1S 
2.8S/3.1S 
V minIV max 
3 V ± S% 


Input Current 
±1 
±1 
±1 
ILAmax 
Input Capacirance~ 
10 
10 
10 
pF max 


LOGIC INPUTS 
Input High Voltage, VtNH 
2.4 
2.4 
2.4 
VOlin 
Voo = 5 V ±59'0 


Input Low Voltage, V1NL 
0.8 
0.8 
0.8 
Vmax 
Voo = 5 V ±S% 


Input Current, 
IIN 
±10 
±1O 
±1O 
ILAmax 
V1N = 0 V to Voo 
Input Capacitance, 
C1N, 
10 
10 
10 
pF max 


LOGIC OUTPUTS 
Output 
High Voltage, VOH 
4.0 
4.0 
4.0 
Vrnin 
Voo = 5 V ±59'0; IsouRcE = 40 ILA 
Output 
Low Voltage, VOL 
0.4 
0.4 
0.4 
Vmax 
Voo = 5 V ±S%; 
IS1NK= 1.6 mA 
DB(}.-DBll 
Floating-State 
Leakage CurrenI 
±1O 
±1O 
±1O 
ILAmax 
VIN=OVtoVoo 
Floating-State 
Output 
Capacitance 
10 
10 
10 
pF max 
Output 
Coding 
2s COMPLEMENT 


POWER 
REQUIREMENTS 
Voo 
+5 
+5 
+S 
V nom 
± 5% for Specified Performance 
Vss 
-5 
-S 
-S 
V nom 
~% 
for Specified Performance 


100 
18 
18 
18 
mA max 
~ 
= RD = CONVST 
= +S V; Typically 
12 mA 


Iss 
12 
12 
12 
mAmax 
CS = RD = CONVST 
= +S V; Typically 8 mA 
Power Dissipation 
ISO 
150 
150 
mWmax 
CS = RD = CONVST 
= +5 V; Typically 
100 mW 


NOTES 
ITemperature 
ranges are as follows: 
A, B Versions: 
-40'"<: to +85"'C; S Version: 
-55"<: 
to +125"<:. 
2See Terminology. 
3Sample tested 
(c!. +25°C to ensure 
compliance. 
"Measured 
with respect 
to the REF 
IN voltage and includes 
bipolar 
offset error. 
"For capacitive 
loads greater 
than 50 pF a series resistor 
is required. 


Specifications 
subject 
to change 
without 
notice. 


1 
AD_78_74_ 


TIMING CHARACTERISTICS1 
(YOD = +5 V ± 5%, Vss = -5 
V ± 5%, AGND= DGND= 0 V, fell( = 2.5 MHz external un- 


less otherwise stated.) 


Parameter 
A, B Versions 
S Version 
Units 
Conditions/Comments 


tl 
50 
50 
ns min 
CONVST Pulse Width 
t2 
0 
0 
ns min 
CS to RD Setup Time 
t3 
60 
70 
ns min 
RD Pulse Width 
t, 
0 
0 
ns min 
CS to RD Hold Time 
t, 
60 
60 
ns max 
RD to INT Delay 


1,;2 
57 
70 
ns max 
Data Access Time after RD 
tl 
5 
5 
ns min 
Bus Relinquish Time after RD 
45 
50 
ns max 
t. 
130 
150 
ns min 
Delay Time between Reads 


!cONV 
31 
31 
ILS min 
CONVST to INT, External Clock 
32.5 
32.5 
ILS max 
CONVST to INT, External Clock 
31 
31 
ILS min 
CONVST to INT, Internal Clock 
35 
35 
ILS max 
CONVST to INT, Internal Clock 


!cLK 
10 
10 
ILS max 
Minimum Input Clock Period • 


NOTES 
ITiming Specifications in bold print are 100% production tested. All other times are sample tested at +250C to ensure compliance. All input signals 
sre specified with tr = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 


2ft, is measured with the load circuit of Figure 1 and defmed 
as the time required for an output to cross 0.8 V or 2.4 V. 


3(7 is derived from the measured. time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 2. The measured. number is then extrap- 
olated back to remove the effects of charging or discharging the SOpF capacitor. This means that the time, (7' quoted in the timing characteristics is the true 
bus relinquish time of the part and as such is independent of external bus loading capacitances. 
Specifications subject to change without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(T A = +25"<: unless otherwise noted) 
Voo to AGND 
-0.3 
V to +7 V 


Voo to DGND 
-0.3 
V to +7 V 
Vss to AGND 
+0.3 V to -7 V 


AGND to DGND 
-0.3 
V to Voo+O.3 
V 
VIN to AGND 
-15 V to + IS V 


REF OUT to AGND 
0 V to Voo 


Digital Inputs to DGND 
-0.3 
V to Voo +0.3 V 
Digital Outputs to DGND 
-0.3 
V to Voo +0.3 V 


Operating Temperature 
Range 
Commercial (A, B Versions) 
-40°C to +85°C 
Extended (5 Version) 
- 55°C to + 125°C 
Storage Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 10 sees) 
+ 300°C 
Power Dissipation (Any Package) to +75°C 
1,000 mW 
Derates above +75°C by 
10 mWrC 


·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


Relative 
Temperature 
SNR 
Accuracy 
Package 
Model' 
Range 
(dB5) 
(LSB) 
Option' 


AD7874AN 
-40°C to +85°C 
70 min 
±1 max 
N-28 
AD7874BN 
-40°C to +85°C 
72 min 
±1/2 max 
N-28 
AD7874AR 
-40°C to +85°C 
70 min 
±1 max 
R-28 
AD7874BR 
-40°C to +85°C 
72 min 
±1/2 max 
R-28 
AD7874AQ 
-40°C to +85°C 
70 min 
±1 max 
Q-28 
AD7874BQ 
-40°C to +85°C 
72 min 
±1/2 max 
Q-28 
AD7874SQ' 
-55°C to + 125°C 
70 min 
±lmax 
Q-28 
AD7874SE' 
-55°C to + 125°C 
70 min 
±1 max 
E-28A 


NOTES 
'To order MIL-STD-883, 
Class B processed pans, add /883B to pan number. 


Contact our local sales office for military data sheet and availability. 
'E = Leaded Ceramic Chip Carrier; N = Plastic DIP; Q = Cerdip; R = SOIC. 
For outline information see Package Information section. 
'Available to /883B processing only. 


PIN CONFIGURATIONS 


DIP and sOle 
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"'N1 
I! 
~ 
~ >'(1, 
> 
> 
4 
27 26 


Voo 
CONV5T5 
25REFOUT 


RD 6 
24 
REF IN 


CONVST 
cs 7 
23AGND 


RD 
ClK 8 
TOPVIEW 
22 DBO(l5B) 


voo 9 
(Not to Seale) 
21 DBl 
DBll(Y5B)10 
20DB2 
ClK 
0810 
11 
19DB3 
Voo 
12 13 14 15 16 17 18 
•. ., 
0 
r;; .. 
ill 
:; 
.• .• 
z 
.• 
DB10 
DB4 
0 
0 
8 
0 
0 
0 
0 


DB9 
DBS 


DBB 
DB6 


DGND 
DB7 


Pin 
Mnemonic 


VIN1 


2 
V1N2 


3 
Voo 


4 
INT 


5 
CONVST 


6 
RD 


7 
CS 


8 
CLK 


9 
Voo 


10 
DB11 


11-13 
DBID-DB8 


14 
DGND 


15-21 
DB7-DBI 


22 
DBO 


23 
AGND 


24 
REF IN 


25 
REF OUT 


26 
Vss 


27 
V1N3 


28 
V1N4 


Description 


Analog Input Channel I. This is the first of the four input channels to be converted in a 
conversion cycle. Analog input voltage range is ± 10 V. 


Analog Input Channel 2. Analog input voltage range is ± 10 V. 
Positive supply voltage, +5 V ± 5%. This pin should be decoupled to AGND. 


Interrupt. 
Active low logic output indicating converter status. See Figure 7. 


Convert Start. Logic Input. A low to high transition on this input puts the track/hold into its hold 
mode and starts conversion. The four channels are converted sequentially, Channel I to Channel 
4. The CONVST input is asynchronous to CLK and independent 
of CS and RD. 


Read. Active low logic input. This input is used in conjunction with CS low to enable the data 
outputs. Four successive reads after a conversion will read the data from the four channels in the 
sequence, Channel I, 2, 3, 4. 


Chip Select. Active low logic input. The device is selected when this input is active. 


Clock Input. An external TIL-compatible 
clock may be applied to this input pin. Alternatively, 


tying this pin to Vss enables the internal laser trimmed clock oscillator. 


Positive Supply Voltage, +5 V ± 5%. Same as Pin 3; both pins must be tied together at the 
package. This pin should be decoupled to DGND. 


Data Bit II (MSB). Three-state TIL 
output. Output coding is 2s complement. 


Data Bit 10 to Data Bit 8. Three-state TIL 
outputs. 


Digital Ground. Ground reference for digital circuitry. 


Data Bit 7 to Data Bit I. Three-state TIL 
outputs. 


Data Bit 0 (LSB). Three-state TIL 
output. 


Analog Ground. Ground reference for track/hold, 
reference and DAC. 


Voltage Reference Input. The reference voltage for the part is applied to this pin. It is internally 
buffered, requiring an input current of only ± I •.•.A. The nominal reference voltage for correct 
operation of the AD7874 is 3 V. 


Voltage Reference Output. 
The internal 3 V analog reference is provided at this pin. To operate 
the AD7874 with internal reference, REF OUT is connected to REF IN. The external load 
capability of the reference is 500 •.•.A. 


Negative Supply Voltage, -5 V ± 5%. 


Analog Input Channel 3. Analog input voltage range is ± 10 V. 


Analog Input Channel 4. Analog input voltage range is ±1O V. 


• 


TERMINOLOGY 


ACQUISITION 
TIME 
Acquisition Time is the time required for the output of the 
track/hold amplifiers to reach their fmal values, within ± 1/2 
LSB, after the falling edge of INT (the point at which the track! 
holds return to track mode). This includes switch delay time, 
slewing time and settling time for a full-scale voltage change. 


APERTURE 
JITTER 
Aperture Jitter is the uncertainty in aperture delay caused by 
internal noise and variation of switching thresholds with signal 
level. 


DROOP RATE 
Droop Rate is the change in the held analog voltage resulting 
from leakage currents. 
APERTURE 
DELAY 
Aperture Delay is defined as the time required by the internal 
switches to disconnect the hold capacitors from the inputs. This 
produces an effective delay in sample timing. It is measured by 
applying a step input and adjusting the CONVST input position 
until the output code follows the step input change. 


CHANNEL- TO-CHANNEL 
ISOLATION 
Channel-to-Channel 
Isolation is a measure of the level of 
crosstalk between channels. It is measured by applying a full- 
scale I kHz signal to the other three inputs. The figure given is 
the worst case across all four channels. 


APERTURE 
DELAY MATCHING 
Aperture Delay Matching is the maximum deviation in aperture 
delays across the four on-chip track/hold amplifiers. 
SNR, THD, 
IMD 
See DYNAMIC 
SPECIFICATIONS 
section. 


CONVERTER 
DETAILS 
The AD7874 is a complete 12-bit, 4-channel data acquisition 
system. It is comprised of a 12-bit successive approximation 
ADC, four high speed track/hold circuits, a four-channel analog 
multiplexer and a 3 V Zener reference. The ADC uses a 
successive-approximation 
technique and is based on a fast- 
settling, voltage-switching DAC, a high speed comparator, a fast 
CMOS SAR and high speed logic. 


Conversion is initiated on the rising edge of CONVST. 
All four 
input track/holds go from track to hold on this edge. Conversion 
is first performed on the Channell 
input voltage, then Channel 
2 is convened and so on. The four results are stored in on-chip 
registers. When all four conversions have been completed, INT 
goes low indicating that data can be read from these locations. 
The conversion sequence takes either 78 or 79 rising clock edges 
depending on the synchronization of CONVST with CLK. In- 
ternal delays and reset times bring the total conversion time 
from CONVST going high to INT going low to 32.5 fJ.Smaxi- 
mum for a 2.5 MHz external clock. The AD7874 uses an im- 
plicit addressing scheme whereby four successive reads to the 
same memory location access the four data words sequentially. 
The first read accesses Channel 1 data, the second read accesses 
Channel 2 data and so on. Individual data registers cannot be 
accessed independently. 


INTERNAL 
REFERENCE 
The AD7874 has an on-chip temperarure compensated buried 
Zener reference which is factory trimmed to 3 V ± 10 mV (see 
Figure 3). The reference voltage is provided at the REF OUT 
pin. This reference can be used to provide both the reference 
voltage for the ADC and the bipolar bias circuitry. This is 
achieved by connecting REF OUT to REF IN. 


REF 
OUT 
Figure 3. AD7874 Internal Reference 


The reference can also be used as a reference for other compo- 
nents and is capable of providing up to 500 fJ.Ato an external 
load. In systems using several AD7874s, using the REF OUT of 
one device to provide the REF IN for the other devices ensures 
good full-scale tracking between all the AD7874s. Because the 
AD7874 REF IN is buffered, each AD7874 presents a high im- 
pedance to the reference so one AD7874 REF OUT can drive 
several AD7874 REF INs. 


The maximum recommended 
capacitance on REF OUT for nor- 
mal operation is 50 pF. If the reference is required for other 
system uses, it should be decoupled to AGND with a 200 0 re- 
sistor in series with a parallel combination of a 10 fJ.Ftantalum 
capacitor and a 0.1 fJ.Fceramic capacitor. 


EXTERNAL 
REFERENCE 
In some applications, the user may require a system reference or 
some other external reference to drive the AD7874 reference 
input. Figure 4 shows how the AD586 5 V reference can be 
used to provide the 3 V reference required by the AD7874 
REF IN. 


TO INTERNAL 
COMPARATOR 


TRACKlHOLD 
1 


TOADC 
REFERENCE 
CIRCUITRY 


TRACK-AND·HOLD 
AMPLIFIER 
The track-and-hold 
amplifier on each analog input of the 
AD7874 allows the ADC to accurately conven an input sine 
wave of 20 V p-p amplirude to 12-bit accuracy. The input band- 
width of the track/hold amplmer is greater than the Nyquist rate 
of the ADC even when the ADC is operated at its maximum 
throughput 
rate. The small signal 3 dB cutoff frequency occurs 
typically at 500 kHz. 


The four track/hold amplifiers sample their respective input 
channels simultaneously. 
The apenure 
delay of the track/hold 
circuits is small and, more imponantly, 
is well matched across 
the four track/holds on one device and also well matched from 
device to device. This allows the relative phase information be- 
tween different input channels to be accurately preserved. It also 
allows multiple AD7874s to sample more than four channels 
simultaneously. 


The operation of the track/hold amplifiers is essentially transpar- 
ent to the user. Once conversion is initiated, the four channels 
are automatically convened and there is no need to select which 
channel is to be digitized. 


ANALOG 
INPUT 
The analog input of Channell 
of the AD7874 is as shown in 
Figure 4. The analog input range is ± 10 V into an input resis- 
tance of typically 30 kO. The designed code transitions occur 
midway between successive integer LSB values (i.e., 1/2 LSB, 
3/2 LSBs, 5/2 LSBs, ... 
FS - 3/2 LSBs). The output code is 
2s complement binary with 1 LSB = FS/4096 = 20 V/4096 = 
4.88 mY. The ideal input/output 
transfer function is shown in 
Figure 5. 


OFFSET 
AND FULL-SCALE 
ADJUSTMENT 
In most Digital Signal Processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale error effect is linear and does not cause 
problems as long as the input signal is within the full dynamic 
range of the ADC. Invariably, some applications will require 
that the input signal span the full analog input dynamic range. 
In such applications, offset and full-scale error will have to be 
adjusted to zero. 


Figure 6 shows a circuit which can be used to adjust the offset 
and full-scale errors on the AD7874 (Channell 
is shown for 
example purposes only). Where adjustment is required, offset 
error must be adjusted before full-scale error. This is achieved 
by trimming the offset of the op amp driving the analog input of 
the AD7874 while the input voltage is a 1/2 LSB below analog 
ground. The trim procedure is as follows: apply a voltage of 
- 2.44 mV (-112 LSB) at VI in Figure 6 and adjust the op amp 
offset voltage until the ADC output code flickers between 1111 
1111 1111 andססooססooססoo. 


011 ...111 


011...110 


100 
001 


100 
000 


FS=20V 


lLSB=~ 


Gain error can be adjusted at either the first code transition 
(ADC negative full scale) or the last code transition (ADC posi- 
tive full scale). The trim procedures for both cases are as 
follows: 


Positive Full-Scale Adjust 
Apply a voltage of +9.9927 V (FS/2 - 
3/2 LSBs) at VI. Adjust 
R2 until the ADC output code flickers between 0111 1111 1110 
and 0111 1111 111!. 


Negative Full-Scale 
Adjust 
Apply a voltage of -9.9976 
V (-FS 
+ 112LSB) at VI and ad- 


just R2 until the ADC output code flickers between 1000 0000 
ססoo and 1000 0000 OOO!. 


An alternative scheme for adjusting full-scale error in systems 
which use an external reference is to adjust the voltage at the 
REF IN pin until the full-scale error for any of the channels is 
adjusted out. The good full-scale matching of the channels will 
ensure small full-scale errors on the other channels. • 


TIMING 
AND CONTROL 
Conversion is initiated on the AD7874 by asserting the 
CONVST input. This CONVST input is an asynchronous input 
which is independent 
of the ADC clock. This is essential for 
applications where precise sampling in time is important. 
In 
these applications, the signal sampling must occur at exactly 
equal intervals to minimize errors due to sampling uncertainty 
or jitter. In these cases, the CONVST input is driven from a 
timer or precise clock source. Once conversion is started, 
CONVST should not be asserted again until conversion is com- 
plete on all four channels. 


In applications where precise time interval sampling is not criti- 
cal, the CONVST pulse can be generated from a microprocessor 
WRITE or READ line gated with a decoded address (different 
to the AD7874 CS address). CONVST should not be derived 
from a decoded address alone because very short CONVST 
pulses (which may occur in some microprocessor systems as the 
address bus is changing at the start of an instruction cycle) 
could initiate a conversion. 


All four tracklhold amplifiers go from track to hold on the rising 
edge of the CONVST pulse. The four tracklhold amplifiers re- 
main in their hold mode while all four channels are converted. 
The rising edge of CONVST also initiates a conversion on the 
Channell 
input voltage (V1NI). When conversion is complete on 
Channell, 
its result is stored in Data Register 1, one of four 
on-chip registers used to store the conversion results. When the 
result from the flfst conversion is stored, conversion is initiated 
on the voltage held by tracklhold 2. When conversion has been 
completed on the voltage held by tracklhold 4 and its result is 
stored in Data Register 4, INT goes low to indicate that the 
conversion process is complete. 


The sequence in which the channel conversions takes place is 
automatically taken care of by the AD7874. This means that the 
user does not have to provide address lines to the AD7874 or 
worry about selecting which channel is to be digitized. 


Reading data from the device consists of four read operations to 
the same microprocessor address. Addressing of the four on-chip 
data registers is again automatically taken care of by the AD7874. 
The flfSt read operation to the AD7874 after conversion always 
accesses data from Data Register 1 (i.e., the conversion result 
from the VINI input). INT is reset high on the falling edge of 
RD during this flfSt read operation. The second read always 
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AD7874 DYNAMIC 
SPECIFICATIONS 
The AD7874 is specified and 100% tested for dynamic perfor- 
mance specifications as well as traditional de specifications such 
as Integral and Differential Nonlinearity. 
These ac specifications 


are required for the signal processing applications such as 
phased array sonar, adaptive fIlters and spectrum analysis. 
These applications require information on the ADC's effect on 
the spectral content of the input signal. Hence, the parameters 
for which the AD7874 is specified include SNR, harmonic dis- 
tortion, intermodulation 
distortion and peak harmonics. These 
terms are discussed in more detail in the following sections. 


Signal-to-Noise 
Ratio (SNR) 
SNR is the measured signal to noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental 
signals up to 
half the sampling frequency (fs/2) excluding de. SNR is depen- 
dent upon the number of quantization 
levels used in the digiti- 
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave input 
is given by 


SNR 
= (6.02N + 1.76) dB 
(1) 


where N is the number of bits. 


Thus for an ideal 12-bit converter, SNR = 74 dB. 


The output spectrum from the ADC is evaluated by applying a 
sine wave signal of very low distortion to the VIN input which is 
sampled at a 29 kHz sampling rate. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be ob- 
tained. Figure 8 shows a typical 2048 point FFT plot of the 
AD7874BN with an input signal of 10 kHz and a sampling 
frequency of 29 kHz. The SNR obtained from this graph is 
73.2 dB. It should be noted that the harmonics are taken into 
account when calculating the SNR. 
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Effective Number 
of Bits 
The formula given in Equation 1 relates the SNR to the number 
of bits. Rewriting the formula, as in Equation 2, it is possible to 
get a measure of performance expressed in effective number of 
bits (N). 


SNR 
-1.76 
N = 
6.02 
(2) 


The effective number of bits for a device can be calculated di- 
rectly from its measured SNR. 


Figure 9 shows a typical plot of effective number of bits versus 
frequency for an AD7874BN with a sampling frequency of 
29 kHz. The effective number of bits typically falls between 
11.7S and 11.87 corresponding 
to SNR figures of 72.5 dB and 
73.2 dB. 
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Total Harmonic 
Distortion 
(THD) 
Total Harmonic Distortion (THD) is the ratio of the rms sum 
of harmonics to the rms value of the fundamental. 
For the 
AD7874, THD is defined as 
yV2 
+ V2 
+ V2 
+ V2 
+ V2 
THD=20Iog 
2 
3 
4 
5 
6 


VI 


where V 1 is the rms amplitude of the fundamental and Vv V" 
V., V5 and V6 are the rms amplitudes of the second through the 
sixth harmonic. The THD is also derived from the FFT plot of 
the ADC output spectrum. 


Intermodulation 
Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa :!: nfb where 
m, n = 0, 1, 2, 3 ... 
, etc. Intermodulation 
terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + fb) and (fa - fb) while the third order 
terms include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). 


Using the CCIF standard where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves 
while the third order terms are usually at a frequency close to 
the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu- 
lation distortion is as per the THD specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of the fundamental expressed in dBs. In this 
case, the input consists of two, equal amplitude, low distortion 
sine waves. Figure 10 shows a typical IMD plot for the 
AD7874. 


INPUT 
FREQUENCIES 
F1 = 9.814kHz 
F2 = 9.926kHz 
SAMPLING 
FREQUENCY 
= 29kHz 
T.•.= 25°C 
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Peak Harmonic 
or Spurious 
Noise 
Peak Harmonic or Spurious Noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fs/2 and excluding de) to the rms value of the 
fundamental. 
Normally, the value of this specification will be 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor the peak 
will be a noise peak. 


AC Linearity Plot 
When a sine wave of specified frequency is applied to the V1N 
• 
input of the AD7874 and several million samples are taken, a 
histogram showing the frequency of occurrence of each of the 
4096 ADC codes can be generated. 
From this histogram data it 
is possible to generate an ac integral linearity plot as shown in 
Figure 11. This shows very good integral linearity performance 
from the AD7874 at an input frequency of 10 kHz. The absence 
of large spikes in the plot shows good differential linearity . Sim- 
plified versions of the formulae used are outlined below. 


INL(il 
= [(V(il 
- V(oll 
. 4096] _ i 
V(fs) - VIol 
J 


where INL(I) is the integral linearity at code i. V(fs) and V(o) 
are the estimated full-scale and offset transitions, and Veil is the 
estimated transition for the i'h code. 


Veil, the estimated code transition point is derived as follows: 


[1T . cum (i)] 
V(i) = -A· 
Cos 
N 


where A is the peak signal amplitude, 
N is the number of 
histogram samples 


and cum (i) = :L yen) occurrences 
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INPUT 
FREQUENCY 
= 10kHz 
SAMPLING 
FREQUENCY 
= 29kHz 
T.•.= 2SOC 


NUCROPROCESSORINTERFACING 
The AD7874 high speed bus timing allows direct interfacing 
to DSP processors as well as modem 16-bit microprocessors. 
Suitable microprocessor interfaces are shown in Figures 12 
through 16. 


AD7874-ADSp·2100 
Interface 
Figure 12 shows an interface between the AD7874 and the 
ADSP-2100. Conversion is initiated using a timer which allows 
very accurate control of the sampling instant on all four chan- 
nels. The AD7874 INT line provides an interrupt 
to the ADSP- 
2100 when conversion is completed on all four channels. The 
four conversion results can then be read from the AD7874 using 
four successive reads to the same memory address. The follow- 
ing instruction reads one of the four results (this instruction is 
repeated four times to read all four results in sequence): 


MRO = DM(ADC) 


where MRO is the ADSP-2100 MRO register 
and ADC is the AD7874 address. 


AD7874-ADSp·2101/ADSp·2102 
Interface 
The interface outlined in Figure 12 also forms the basis for an 
interface between the AD7874 and the ADSP-210l/ADSP-2102. 
The READ line of the ADSP-210l/ADSP-2102 
is labeled RD. 


In this interface, the RD pulse width of the processor can be 
programmed 
using the Data Memory Wait State Control Regis- 
ter. The instruction used to read one of the four results is as 
outlined for the ADSP-2100. 


ADSP-2100 
(ADSP·21011 
ADSP·21 02) 


AD7874-TMS32010 
Interface 
An interface between the AD7874 and the TMS32010 is shown 
in Figure 13. Once again the conversion is initiated using an 
external timer and the TMS32010 is interrupted 
when all four 
conversions have been completed. The following instruction is 
used to read the conversion results from the AD7874: 


IN D,ADC 


where D is Data Memory address 
and ADC is the AD7874 address. 


AD7874- TMS32OC25 Interface 
Figure 14 shows an interface between the AD7874 and the 
TMS32OC25. As with the two previous interfaces, conversion is 
initiated with a timer and the processor is interrupted 
when the 
conversion sequence is completed. The TMS32OC25 does not 
have a separate RD output to drive the AD7874 RD input di- 
rectly. This has to be generated from the processor STRB and 
R!W outputs with the addition of some logic gates. The RD sig- 
nal is OR-gated with the MSC signal to provide the one WAIT 
state required in the read cycle for correct interface timing. Con- 
version results are read from the AD7874 using the following 
instruction: 


IN D,ADC 


where D is Data Memory address 
and ADC is the AD7874 address. 


Some applications may require that the conversion is initiated by 
the microprocessor rather than an external timer. One option is 
to decode the AD7874 CONVST from the address bus so that a 
write operation starts a conversion. Data is read at the end of 
the conversion sequence as before. Figure 16 shows an example 
of initiating conversion using this method. Note that for all in- 
terfaces, a read operation should not be attempted during 
conversion. 


AD7874-MC68000 
Interface 
An interface between the AD7874 and the MC68000 is shown in 
Figure 15. As before, conversion is initiated using an external 
timer. The AD7874 INT line can be used to interrupt 
the 
processor or, alternatively, software delays can ensure that con- 
version has been completed before a read to the AD7874 is at- 
tempted. Because of the nature of its interrupts, 
the 68000 
requires additional logic (not shown in Figure 15) to allow it to 
be interrupted 
correctly. For further information on 68000 inter- 
rupts, consult the 68000 users manual. 


The MC68000 AS and R!W outputs are used to generate a sepa- 
rate RD input signal for the AD7874. CS is used to drive the 
68000 DT ACK input to allow the processor to execute a normal 
read operation to the AD7874. The conversion results are read 
using the following 68000 instruction: 


MOVE.W ADC,DO 


where DO is the 68000 DO register 
and ADC is the AD7874 address. 


AD7874-8086 Interface 
Figure 16 shows an interface between the AD7874 and the 8086 
microprocessor. 
Unlike the previous interface examples, the mi- 
croprocessor initiates conversion. This is achieved by gating the 
8086 WR signal with a decoded address output (different to the 
AD7874 CS address). The AD7874 INT line is used to interrupt 
the microprocessor when the conversion sequence is completed. 
Data is read from the AD7874 using the following instruction: 


MOV AX,ADC 


where AX is the 8086 accumulator 
and ADC is the AD7874 address. 
• 


APPLICATIONS 
Vector Motor Control 
The current drawn by a motor can be split into two compo- 
nents: one produces torque and the other produces magnetic 
flux. For optimal performance of the motor, these two compo- 
nents should be controlled independently. 
In conventional meth- 


ods of controlling a three-phase motor, the current (or voltage) 
supplied to the motor and the frequency of the drive are the 
basic control variables. However, both the torque and flux are 
functions of current (or voltage) and frequency. This coupling 
effect can reduce the performance of the motor because, for ex· 
ample, if the torque is increased by increasing the frequency, 
the flux tends to decrease. 


Vector control of an ac motor involves controlling phase in addi- 
tion to drive and current frequency. Controlling the phase of the 
motor requires feedback information on the position of the rotor 
relative to the rotating magnetic field in the motor. Using this 
information, a vector controller mathematically transforms the 
three phase drive currents into separate torque and flux compo- 
nents. The AD7874, with its four-channel simultaneous sam- 
pling capability, is ideally suited for use in vector motor control 
applications. 


A block diagram of a vector motor control application using the 
AD7874 is shown in Figure 17. The position of the field is de- 
rived by determining the current in each phase of the motor. 
Only two phase currents need to be measured because the third 
can be calculated if two phases are known. Channel I and Chan· 
nel 2 of the AD7874 are used to digitize this information. 
Si· 
multaneous sampling is critical to maintain the relative phase 
information between the two channels. A current sensing isola- 
tion amplifier, transformer or Hall effect sensor is used between 
the motor and the AD7874. Rotor information is obtained by 
measuring the voltage from two of the inputs to the motor. 
Channel 3 and Channel 4 of the AD7874 are used to obtain this 
information. Once again the relative phase of the two channels is 
important. 
A DSP microprocessor is used to perform the mathe- 
matical transformations 
and control loop calculations on the in- 


formation fed back by the AD7874. 
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MULTIPLE 
AD7874s 
Figure 18 shows a system where a number of AD7874s can be 
configured to handle multiple input channels. This type of con- 
figuration is common in applications such as sonar, radar, etc. 
The AD7874 is specified with maximum and minimum limits on 
aperture delay. This means that the user knows the maximum 
difference in the sampling instant between all channels. This 
allows the user to maintain relative phase information between 
the different channels. 


A common read signal from the microprocessor drives the RD 
input of all AD7874s. Each AD7874 is designated a unique ad- 
dress selected by the address decoder. The reference output of 
AD7874 number 
I is used to drive the reference input of all 
other AD7874s in the circuit shown in Figure 18. One REF 
OUT pin can drive several AD7874 REF IN pins. Alternatively, 
an external or system reference can be used to drive all REF IN 
inputs. A common reference ensures good full-scale tracking 
between all channels. 


VCH1 


VCH2 
AD 
AD 


VOH3 
AD7874(1) 


VO", 
cs 


REF OUT 


AD7874(2) 
cs 


DATA ACQUISITION 
BOARD 
Figure 20 shows the AD7874 in a data acquisition circuit. The 
corresponding 
printed circuit board (PCB) layout and silkscreen 
are shown in Figures 21 to 23. A 26-contact IDC connector pro- 
vides for a microprocessor connection to the board. 


A component grid is provided near the analog inputs on the 
PCB which may be used to provide antialiasing mters for the 
analog input channels or to provide signal conditioning circuitry. 
To facilitate this option, four shorting plugs (labeled LKI to 
LK4 on the PCB) are provided on the analog inputs, one plug 
per input. If the shorting plug for a particular channel is used, 


the input signal connects to the buffer amplifier driving the ana- 
log input of the ADC. If the shorting plug is omitted, a wire 
link can be used to connect the input signal to the PCB compo- 
nent grid. 


Microprocessor connections to the board are made via a 26- 
contact IDC connector, SKT8, the pinout for which is shown in 
Figure 19. This connector contains all data, control and status 
signals of the AD7874 (with the exception of the CLK input 
and the CONVST input which are provided via SKT5 and 
SKT7, respectively). It also contains decoded RJW and STRB 
inputs which are necessary for TMS32020 interfacing (and also 
for 68000 interfacing although pin labels on the 68000 are differ- 
ent). Note that the AD7874 CS input must be decoded prior to 
the AD7874 evaluation board. 
• 


RIW 00 
STRB 


AD 00 
N/C 


CS 00 
N/C 


N/C 00 INT 


NiC 0@ NiC 


DBI0 @@ DBll 


DB8 @@ DB9 


DB6 @@ DB7 


DB4 @@ DBS 


DB2 @@ DB3 


DBO @@ DBl 


+sv @@ +sv 


GND @@ GND 


SKTl, 
SKT2, SKT3 and SKT4 provide the inputs for V1N1' 
VIN2> V1N3' 
V1N4 respectively. Assuming LKI to LK4 are in 
place, these input signals are fed to four buffer amplifiers, ICI, 
before being applied to the AD7874. The use of an external 
clock source is optional; there is a shorting plug (LK5) on the 
AD7874 CLK input which must be connected to either -5 V 
(for the ADCs own internal clock) or to SKT5. SKT6 and 
SKT7 provide the reference and CONVST inputs respectively. 
Shorting plug LK6 provides the option of using the external 
reference or the ADCs own internal reference. 


POWER SUPPLY 
CONNECTIONS 
The PCB requires two analog power supplies and one 5 V digi- 
tal supply. The analog supplies are labeled V+ and V- 
and the 
range for both supplies is 12 V to 15 V (see silkscreen in Figure 
23). Connection to the 5 V digital supply is made via SKT8. 
The +5 V supply and the -5 V supply required by the AD7874 
are generated from voltage regulators (IC3 and IC4) on the V+ 
and V- supplies. 
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Figure 22. PCBComponent Side Layout for the Circuit of 
Figure 20 


Figure 23. PCBSolder Side Layout for the Circuit of 
Figure 20 


SHORTING 
PLUG OPTIONS 
There are seven shorting plug options which must be set before 
using the board. These are outlined below: 


LKI 
- LK4 
Connects the analog inputs to the buffer amplifi- 
ers. The analog inputs may also be connected to 
a component grid for signal conditioning. 


Selects either the AD7874 internal clock or an 
external clock source. 


Selects either the AD7874 internal reference or 
an external reference source. 


Connects the AD7874 RD input directly to the 
RD input of SKT8 or to a decoded STRB and 
RJW input. This shorting plug setting depends 
on the microprocessor, 
e.g., the TMS32020 and 
68000 require a decoded RD signal. 


COMPONENT 
LIST 


ICI 
IC2 
IC3 
IC4 
ICS 
C1, C3, CS, C7, C9 
C2, C4, C6, C8, ClO 
R1,R2 
LK1, LK2, LK3 
LK4, LKS, LK6 
LK7 
SKTl, 
SKT2, SKT3, 
SKT4, SKTS, SKT6, 
SKT7 
SKT8 


AD713 Quad Op Amp 
AD7874 Analog-to-Digita1 Converter 
MC78LOS +S V Regulator 
MC79LOS - S V Regulator 
74HCOOQuad NAND Gate 
10 f1F Capacitors 
0.1 Il-F Capacitors 
10 kG Pull-Up Resistors 
Shorting Plugs 


~ANALOG 
WDEVICES 


I 


LC2MOSComplete 12-Bit 
100 kHz Sampling AnC with nsp Interlace 


An7878 
I 


FEATURES 
Complete ADC with DSP Interface, Comprising: 
Track/Hold Amplifier with 2 •.•.s Acquisition Time 
7 •.•.s A/D Converter 
3 V Zener Reference 
S-Word FIFO and Interface Logic 
72 dB SNR at 10 kHz Input Frequency 
Interfaces to High Speed DSP Processors, e.g., 
ADSP-2100, TMS32010, TMS32020 
41 ns max Data Access Time 
Low Power, 60 mW typ 


APPLICATIONS 
Digital Signal Processing 
Speech Recognition and Synthesis 
Spectrum Analysis 
High Speed Modems 
DSP Servo Control 


GENERAL DESCRIPTION 
The AD7878 is a fast, complete 12-bit ND converter with a 
versatile DSP interface consisting of an 8-word, first-in, first-out 
(FIFO) memory and associated control logic. 


The FIFO memory allows up to eight samples to be digitized 
before the microprocessor is required to service the ND con- 
verter. The eight words can then be read out of the FIFO at 
maximum microprocessor speed. A fast data access time of 41 ns 
allows direct interfacing to DSP processors and high speed 16- 
bit microprocessors. 


An on-chip starus/control register allows the user to program the 
effective length of the FIFO and contains the FIFO out of 
range, FIFO empty and FIFO word count information. 


The analog input of the AD7878 has a bipolar range of ±3 V. 
The AD7878 can convert full power signals up to 50 kHz and is 
fully specified for dynamic parameters such as signal-to-noise 
ratio and harmonic distortion. 


The AD7878 is fabricated in Linear Compatible CMOS 
(LC2MOS), 
an advanced, mixed technology process that com- 
bines precision bipolar circuits with low power CMOS logic. 
The part is available in four package styles, 28-pin plastic and 
hermetic dual-in-line package (DIP), leadless ceramic chip car- 
rier (LCCC) or plastic leaded chip carrier (PLCC). 


• 


PRODUCT HIGHLIGHTS 
I. Complete ND Function with DSP Interface 
The AD7878 provides the complete function for digitizing ac 
signals to 12-bit accuracy. The part features an on-chip track! 
hold, on-chip reference and 12-bit ND converter. The addi- 
tional feature of an 8-word FIFO reduces the high software 
overheads associated with servicing interrupts 
in DSP 
processors. 


2. Dynamic Specifications for DSP Users 


The AD7878 is fully specified and tested for ac parameters, 
including signal-to-noise ratio, harmonic distortion and inter- 
modulation distortion. 
Key digital timing parameters are also 
tested and specified over the full operating temperature 
range. 


3. Fast Microprocessor Interface 
Data access time of 41 ns is the fastest ever achieved in a 
monolithic ND converter and makes the AD7878 compatible 
with all modem 16-bit microprocessors and digital signal 
processors. 


Jon. 
1', L, 
JS 
l> 
Parameter 
Versions' 
Versions 
Version 
Units 
Test Conditions/Comments 


DYNAMIC 
PERFORMANCE' 
Signsl-to-Noise 
Ratio (SNR)' 
@' 25'C 
70 
72 
70 
dB min 
V1N = 10 kHz Sine Wave, 
fSAMPLE= 100 kHz 


Tmin to Tmu 
70 
71 
70 
dB min 
Typicslly 71.5 dB for 0<V1N<50 
kHz 
Totsl Harmonic 
Distortion 
(THD) 
-80 
-80 
-78 
dB max 
V1N = 10 kHz Sine Wave, fSAMPLE= 100 kHz 
Typically 
-86 
dB for 0<VlN<50 
kHz 
Peak Harmonic 
or Spurious Noise 
-80 
-80 
-78 
dB max 
V1N = 10 kHz, fSAMPLE= 100 kHz 
Typically 
-86 
dB for 0<V1N<50 
kHz 
Intermodulation 
Distortion 
(IMD) 


Second Order Terms 
-80 
-80 
-78 
dB max 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE= 50 kHz 
Third Order Terms 
-80 
-80 
-78 
dB max 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE= 50 kHz 


TrscklHold 
Acquisition 
Time 
2 
2 
2 
lJoSmax 
See Throughput 
Rate Section. 


DC ACCURACY 
Resolution 
12 
12 
12 
Bits 
Minimum 
Resolution for which 
No Missing Codes are Guaranteed 
12 
12 
12 
Bits 
Relative Accuracy 
±1/2 
±1/4 
±1/2 
LSB typ 
Differentisl 
Nonlinearity 
± 1/2 
±1/2 
±1/2 
LSB typ 
Bipolar Zero Error 
±6 
±6 
±6 
LSB max 
Positive Full Scsle Error' 
±6 
±6 
±6 
LSB max 
Negative Full Scsle Error' 
±6 
±6 
±6 
LSB max 


ANALOG 
INPUT 
Input Voltage Range 
±3 
±3 
±3 
Volts 
Input Current 
±550 
±550 
±550 
lJoAmax 


REFERENCE 
OUTPUT' 
REF OUT 
3 
3 
3 
V nom 
REF OUT Error @ 25'C 
±1O 
±IO 
±1O 
mVmax 
Tmin to Tmu 
±15 
±15 
±15 
mV max 
Reference Load Sensitivity 


(4REF 
OUT/41) 
±I 
±I 
±I 
mV max 
Reference Load Current Change «()...5oolJoA). 
Reference Load Should Not Be Changed 
During Conversion. 


LOGIC INPUTS 
Input High Voltage, VlNH 
+2.4 
+2.4 
+2.4 
Vmin 
Vcc = +5 V ± 5% 
Input Low Voltage, V'NL 
+0.8 
+0.8 
+0.8 
Vmax 
Vcc = +5 V ± 5% 
Input Current, 
IlN 
±IO 
±IO 
±1O 
~max 
V1N = 0 to Vcc 
Input Capacitance, 
C1N" 
10 
10 
10 
pF max 


LOGIC OUTPUTS 
Output 
High Voltage, VOH 
+2.7 
+2.7 
+2.7 
Vmin 
IsouRCE = 40 lJoA 
Output 
Low Voltage, VOL 
+0.4 
+0.4 
+0.4 
Vmax 
IS'NK = 1.6 mA 
DBll-DBO 
Floating State Leakage Current 
±IO 
±1O 
±1O 
±IO 
lJoAmax 
Floating State Output 
Capacitance" 
IS 
IS 
IS 
IS 
pFmax 


CONVERSION 
TIME 
m.125 
m.125 
m.125 
lJoSminllJoSmax 
Assuming No External ReadIWrite 
Operations 
719.250 
719.250 
719.250 
lJoSminllJoSmax 
Assuming 
17 External ReadIWrite 
Operations 
See Internal Comparator 
Timing Section 


POWER 
REQUIREMENTS 
Voo 
+5 
+5 
+5 
V nom 
± 5% for Specified Performance 
Vcc 
+5 
+5 
+5 
V nom 
±5% for Specified Performance 
Vss 
-5 
-5 
-5 
V nom 
~% 
f~ed 
Performance 
100 
13 
13 
13 
mAmax 
CS = DMWR = DMRD = 5 V 
lee 
100 
100 
100 
~max 
Cs = DMWR = DMRD = 5 V 
Iss 
6 
6 
6 
mAmax 
Cs = DMWR = DMRD = 5 V 
Power Dissipation 
95.5 
95.5 
95.5 
mWmax 
Typically 60 mW 


NOTES 
ITemperature range as follows: J, K, L versions: 0 to +70OC; A, B versions: -2SoC to +85°Cj S version: -SSOC to + 125"C. 
'VlN = ±3 V. See I>ynamic Specifications section. 
38NR calculation includes distortion and noise components. 
"Measured with respect to the Internal Reference. 
5For Capacitive Loads greater than SO pF a series resistor is required (see Intenlal Reference section). 
'Sample tested @ + 25'C to ensure compliance. 
Specifications subject to change without notice. 


I 
TIMING CHARACTERISTICS1 


Limit at T mlat T max 
Limit at T miD, T ma. 
Limit at T min.' T max 
J 


Parameter 
(L Grade) 
(J, K, A, B Grades) 
(5 Grade) 
Units 
Conditions/Comments 


t, 
65 
65 
75 
ns Max 
CLK IN to BUSYLow PropagationDelay 


t, 
65 
65 
75 
fiS Max 
CLK IN to BUSYHigh PropagationDelay 


t, 
2 CLK IN cycles 
2 CLK IN cycles 
2 CLK IN cycles 
min 
CONVST Pulse Width 
t. 
0 
0 
0 
ns min 
g to DMRDIREGISTERENABLE Setup Time 


t, 
0 
0 
0 
ns min 
CS to DMRDIREGISTERENABLE Hold Time 


r" 
45 
60 
60 
os min 
DMRD Pulse Width 
50 
50 
50 
j.1.S Max 
t, 
16 
16 
16 
ns min 
ADDOto DMRDIREGISTERENABLE Setup Time 


t, 
0 
0 
0 
os min 
ADDOto DMRDIREGISTERENABLE Hold Time 


t.,' 
41 
57 
57 
os min 
Data AccessTime after DMRD 


tI03 
5 
5 
5 
os min 
Bus RelinquishTime 


45 
45 
45 
fiS max 


tll 
42 
42 
55 
fiS min 
REGISTER ENABLE Pulse Width 
50 
50 
50 
,...smax 
t12 
20 
20 
30 
nsmin 
Data Validto REGISTER ENABLE Setup Time 


tll 
10 
10 
10 
nsmin 
Data Hold Time after REGISTER ENABLE 
t1l 
41 
57 
57 
nsmin 
Data AccessTime after BUSY 


(RESET 
2 CLK IN cycles 
2 CLK IN cycles 
2 CLK IN cycles 
min 
RESET Pulse Width 
• 


NOTES 
ITiming Specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All input signals are specified 
withtr = If = 5 ns (10%to 90%of 5 V)and timedfroma voltagelevelof 1.6V. 
2t,.and tl ••are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 


3(10 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 


DBN----a-=- 
56k 
50pF 


DGN~ 


5V 
1m 
DBN----r- 


T 


50PF 


DGND\J 


5V 


~ 
3k 
tF 


DBN----r- 


3k T 10pF 
T 10pF 


DGND\J 
DGND7 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(TA = +25"<:unlessotherwisestated) 
Voo to DGND 
.................•... 
-0.3 
V to +7 V 


Vcc to DGND ....••..•....•...•.... 
-0.3 
V to +7 V 


Vss to DGND .........••........... 
+0.3 V to -7 V 


Voo to Vcc 
-0.3 
V to +0.3 V 


AGND to DGND ..........••... 
-0.3 
V to Voo +0.3 V 
VIN to AGND 
-15 
V to + 15 V 
REF OUT to AGND 
0 to Voo 


Digital Inputs to DGND 
CLK IN, DMWR, DMRD, 
RESET, 
CS, CONVST, ADDO 
-0.3 
V to Voo +0.3 V 


Digital Outputs to DGND 
ALFL, 
BUSY ..........•..... 
-0.3 
V to Voo +0.3 V 


Data Pins 
DBll-DBO 
-0.3 
V to Voo +0.3 V 


Operating Temperature 
Range 
J, K, L Versions 
0 to +70°C 
A, B Versions 
-25°C to +85°C 
S Version 
-55°C to + 125°C 
Storage Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 
10 sees) 
+ 300°C 
Power Dissipation (Any Package) to +7SoC 
1000 mW 
Deratesabove 
+75°Cby 
10mWrC 
"Stresses above those listed under "Absolute Maximum Ratings" may cause 


permanent damage to the device. These are stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 


however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


Pin 
Pin 
Number 
Mnemonic 
Function 


CS 


DMWR 


7 
DGND 


8 
Vcc 


9 
DBIl 


10-15 
DBIo-DB5 


16-19 
DB4-DBI 


20 
DBO 


21 
Voo 


22 
AGND 


23 
REF OUT 


24 
VIN 


25 
Vss 


26 
CONVST 


27 
RESET 


28 
CLKIN 


Address Input. 
This control input determines 
whether 
the word placed on the output 
data bus during a read operation 
is a 
data word from the FIFO 
RAM or the contents of the status/control 
register. 
A logic low accesses the data word from 
Location 0 of the FIFO while a logic high selects the contents 
of the register (see StatuS/Control 
Register section). 


Chip Select. Active low logic input. 
The device is selected when this input is active. 


Data Memory Write. Active low logic input. 
DMWR 
is used in conjunction 
with CS low and ADDO high to write data to 


the status/control 
register. Corresponds 
to DMWR (ADSP-2IOO), RJW (MC68ooo, TMS32020), 
WE (TMS320lO). 


Data Memory READ. 
Active low logic input. 
DMRD 
is used in conjunction 
with CS low to enable the three-state 
output 
buffers. Corresponds 
directly to DMRD 
(ADSP-2Ioo), 
DEN (TMS32010). 


Active low logic output. 
This output goes low when the ADC receives a CONVST 
pulse and remains low until the 
tracklhold 
has gone into its hold mode. The three-state 
drivers of the AD7878 can be disabled while the BUSY signal is low 
(see Extended 
READIWRITE 
section). This is achieved by writing a logic 0 to DB5 (DISO) 
of the status/control 
register. 


Writing a logic I to DB5 of the status/control 
register allows data to be accessed from the AD7878 while BUSY is low. 


FIFO Almost Full. A logic low indicates that the word count (i.e., number 
of conversion 
results) in the FIFO 
memory has 


reached the programmed 
word count in the slatus/control 
register. 
ALFL 
is updated 
at the end of each conversion. 
The 


ALFL 
output 
is reset to a logic high when a word is read from the FIFO 
memory and the word count is less than the 


preprogrammed 
word count. It can also be set high by writing a logic I to DB7 (ENAF) 
of the status/control 
register. 


Digital Ground. 
Ground reference for digital circuitry. 


Digital supply voltage, 
+5 V :!:5%. Positive supply voltage for digital circuitry. 


Data Bit II (MSB). Three-state 
TTL 
output. 
Coding for the data words in FIFO 
RAM is 2s complement. 


Data Bit lO to Data Bit 5. Three-state 
TTL 
input/outputs. 


Data Bit 4 to Data Bit I. Three-state 
TTL 
outputs. 


Data Bit 0 (LSB). Three·state 
TTL 
output. 


Analog positive supply voltage, +5 V :!:5%. 


Analog Ground. 
Ground reference for tracklhold, 
reference and DAC. 


Voltage Reference Output. 
The internal 3 V analog reference is provided 
at this pin. The external load capability of the 


reference is 500 fl-A. 


Analog Input. 
Analog input range is :!:3 V. 


Analog negative supply voltage, - 5 V :!:5%. 


Convert Start. Logic input. 
A low to high transition 
on this input puts the tracklhold 
into its hold mode and starts 
conversion. 
The CONVST 
input is asynchronous 
to CLK IN and is independent 
of CS, DMWR 
and DMRD. 


Reset. Active low logic input. 
A logic low sets the words in FIFO memory to 1000סס ooסס oo and- resets the ALFL 
output 
and slatus/control 
register. 


Clock Input. 
TTL-compatible 
logic input. 
Used as the clock source for the AID converter. 
The mark-space 
ratio of this 


clock can vary from 35/65 to 65/35. 
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Signal- 
Data 
Temperature 
to-Noise 
Access 
Package 
Modell,2 
Range 
Ratio 
Time 
Options' 


AD7878JN 
O°Cto +70°C 
70 dB 
57 ns 
N-28 
AD7878AQ 
- 25°C to + 85°C 
70 dB 
57 ns 
Q-28 
AD7878SQ 
-55°C to + 125°C 
70 dB 
57 ns 
Q-28 
AD7878KN 
O°Cto +70°C 
72 dB 
57 ns 
N-28 
AD7878BQ 
-25°C to +85°C 
72 dB 
57 ns 
Q-28 
AD7878LN 
O°Cto +70°C 
72 dB 
41 ns 
N-28 
AD7878SE4 
-55°C to + 125°C 
70 dB 
57 ns 
E-28A 
AD7878JP 
O°Cto +70°C 
70 dB 
57 ns 
P-28A 
AD7878KP 
O°Cto +70°C 
72 dB 
57 ns 
P-28A 
AD7878LP 
O°Cto +70°C 
72 dB 
41 ns 
P-28A 


NOTES 
'To order MIL-STD-883, 
Class B processed parts, add /883B to part num- 
ber. Contact our local sales office for military data sheet. 
2Analog Devices reserves the right to ship either ceramic (D-28) packages or 
cerdip (Q-28) hermetic packages. 
'E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier, Q = Cerdip. For outline information see Package Information 
section. 
'Available to /8838 processing only. 


STATUS/CONTROL 
REGISTER 
The status/control 
register serves the dual function of providing 
control and monitoring the status of the FIFO memory. This 
register is directly accessible through the data bus (DBlI-DBO) 
with a read or write operation while ADDO is high. A write op- 
eration to the status/control 
register provides control for the 
ALFL output, bus interface and FIFO counter reset. This is 
normally done on power-up initialization. The FIFO memory 
address pointer is incremented 
after each conversion and com- 
pared with a preprogrammed 
count in the status/control register. 
When this preprograrnmed 
count is reached, the ALFL output 
is asserted if the ENAF control bit is set to zero. This ALFL 
can be used to interrupt 
the microprocessor after any predeter- 
mined number of conversions (between 1 and 8). The status of 
the address pointer along with sample overrange and ALFL sta- 
tus can be accessed at any time by reading the status/control 
register. Note, reading the status/control register does not cause 
any internal data movement in the FIFO memory. Status infor- 
mation for a particular word should be read from the status reg- 
ister before the data word is read from the FIFO memory. 


STATUS/CONTROL 
REGISTER 
FUNCTION 
DESCRIPTION 
DBlI 
(ALFL) 
Almost Full Flag, Read only. This is the same as Pin 6 (ALFL 
output) status. A logic low indicates that the word count in 
the FIFO memory has reached the preprograrnmed 
count in 
bit locations DBW--DB8. ALFL is updated at the end of 
conversion. 


DBIo-DB8 
(AFC2-AFCO) 
Almost Full Word Count, Read/Write. The count value deter- 
mines the number of words in the FIFO memory which will 
cause ALFL to be set. When the FIFO word count equals the 
programmed count in these three bits, then both the ALFL out- 
put and DBlI 
of the status register are set to a logic low. For 
example, when a code of 011 is written to these bits, ALFL is 
set when Location 0 through Location 3 of the FIFO memory 
contains valid data. AFC2 is the most significant bit of the word 
count. The count value can be read back if required. 


DB7 (ENAF) 
Enable Almost Full, Read/Write. Writing a 1 to this bit disables 
the ALFL output and status register bit DBIL 


DB6 (FOVRlRESET) 
• 
FIFO OverrunlRESET, 
Read/Write. 
Reading a 1 from this bit 
indicates that at least one sample has been discarded because the 
FIFO memory is full. When the FIFO is full (i.e., contains 
eight words) any further conversion results will be lost. Writing 
a 1 to this bit causes a system RESET as per the RESET input 
(Pin 27). 


DBS (FOORIDISO) 
FIFO Out of RANGE/Disable 
Outputs, 
Read/Write. 
Reading a 
I from this bit indicates that at least one sample in the FIFO 
memory is out of range. Writing a 0 to this bit prevents the data 
bus from becoming active while BUSY is low, regardless of the 
state of CS and DMRD. 


DB4(FEMP) 
FIFO Empty, Read Only. Reading a I indicates that there are 
no samples in the FIFO memory. When the FIFO is empty the 
internal ripple-down effects of the FIFO are disabled and fur- 
ther reads will continue to access the last valid data word in Lo- 
cation O. 


DB3 (SOOR) 
Sample out of Range, Read Only. Reading a I indicates that the 
next sample to be read is out of range, i.e., the sample in Loca- 
tion 0 of the FIFO. 


DB2-DBO (FCN2-FCNO) 
FIFO Word Count, Read Only. The value read from these bits 
indicates the number of samples in the FIFO memory. For ex- 
ample, reading 011 from these bits indicates that Location 0 
through Location 3 contains valid data. Note, reading all Os in- 
dicates that there is either one word or no word in the FIFO 
memory; in this case the FIFO Empty determines if there is no 
word in memory. FCN2 is the most significant bit. 


BIT LOCATION 
DBlI 
DBIO 
DB9 
DB8 
DB7 
DB6 
DBS 
DB4 
DB3 
DB2 
DBI 
DBO 


STATUS 
INFORMATION 
(READ) 
ALFL 
AFC2 
AFCI 
AFCO 
ENAF 
FOVR 
FOOR 
FEMP 
SOOR 
FCN2 
FCNI 
FCNO 
CONTROL 
FUNCTION 
(WRITE) 
X 
AFC2 
AFCI 
AFCO 
ENAF 
RESET 
DISO 
X 
X 
X 
X 
X 
RESET 
STATUS 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
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information - 12 bits of data from the conversion result and one 
additional bit which contains information as to whether the 12- 
bit result is out of range or not. A block diagram of the AD7878 
FIFO architecture 
is shown in Figure 3. 
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Figure 3. Internal 
FIFO Architecture 


The conversion result is gathered in the successive approxima- 
tion register (SAR) during conversion. At the end of conversion 
this result is transferred 
to the FIFO memory. The FIFO ad- 
dress pointer always points to the top of memory, which is the 
uppermost location containing valid data. The pointer is incre- 
mented after each conversion. A read operation from the FIFO 
memory accesses data from the bottom of the FIFO, 
Location 
O. On completion of the read operation, each data word moves 
down one location and the address pointer is decremented by 
one. Therefore, 
each conversion result from the SAR enters at 
the top of memory, propagates down with successive reads until 
it reaches Location 0 from where it can be accessed by a micro- 
processor read operation. 


The transfer of information from the SAR to the FIFO occurs 
in synchronization 
with the AD7878 input clock (CLK IN). The 


propagation of data words down the FIFO is also synchronous 
with this clock. As a result, a read operation to obtain data from 
the FIFO must also be synchronous with CLK IN to avoid 
ReadlWrite conflicts in the FIFO (Le., reading from FIFO Lo- 
cation 0 while it is being updated). This requires that the micro- 
processor clock and the AD7878 CLK IN are derived from the 
same source. 


INTERNAL 
COMPARATOR TIMING 
The ADC clock, which is applied to CLK IN, controls the suc- 
cessive approximation 
AID conversion process. This clock is 
internally divided by four to yield a bit trial cycle time of 500 ns 


latched by the rising edge of an internal comparator strobe sig- 
nal. There are 12 bit decisions, as in a normal successive ap- 
proximation routine, and one extra decision that checks if the 
input sample is out of range. In a normal successive approxima- 
tion AID convener, 
reading data from the device during conver- 
sion can upset the conversion in progress. This is due to on-chip 
transients, generated by charging or discharging the data bus, 
concurrent with a bit decision. The scheme outlined below and 
shown in Figure 4 describes how the AD7878 overcomes this 
problem. 


The internal comparator strobe on the AD7878 is gated with 
both DMRD and DMWR so that if a read or write operation 
occurs when a bit decision is about to be made, the bit decision 
point is deferred by one CLK IN cycle. In other words, if 
DMRD or DMWR goes low (with CS low) at any time during 
the CLK IN low-time immediately prior to the comparator 
strobing edge (tLOW 
of Figure 4), the bit trial is suspended for a 
clock cycle. This makes sure that the bit decision is latched at a 
time when the AD7878 is not attempting to charge or discharge 
the data bus, thereby ensuring that no spurious transients occur 
internally near a bit decision point. 


The decision point slippage mechanism is shown in Figure 4 for 
the MSB decision. Normally, the MSB decision occurs 25 ns 
after the fourth rising CLK IN edge after CONVST goes high. 
However, in the timing diagram of Figure 4, CS and DMRD or 
DMWR are low in the time period tLow prior to the MSB deci- 
sion point on the founh rising edge. This causes the internal 
comparator strobe to be slipped to the fifth rising clock edge. 
The AD7878 will again check during a period tLow prior to this 
fifth rising clock edge; and if the CS and DMRD or DMWR are 
still low, the bit decision point will be slipped a funher 
clock 
cycle. 


The conversion time for the ADC normally consists of the 
13-bit trials described above and one extra internal clock cycle 
during which data is written from the SAR to the FIFO. 
For 
an 8 MHz input clock this results in a conversion time of 7 II-S. 
However, the software routine servicing the AD7878 has the 
potential to read 16 times from the device during conversion 
- 8 reads from the FIFO and 8 reads from the status/control 
register. It also has the potential to write once to the status/con- 
trol register. If these 17 (16 read plus 1 write) operations all oc- 
cur during tLOW 
time periods, the conversion time will slip by 
17 CLK IN cycles. Therefore, 
if read or write operations can 
occur during tLow periods, it means that the conversion time 
for the ADC can vary from 7 II-S to 9.12 II-S (assuming 8 MHz 
CLK IN). This calculation assumes that there is a slippage of 
one CLK IN cycle for each read or write operation. 
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Figure 4. 
Operational 
Timing 
Diagram 


INITIATING 
A CONVERSION 
Conversion is initiated on the AD7878 by asserting the eONVST 
input. This eONVST 
input is an asynchronous input indepen- 
dent of either the ADC or DSP clocks. This is essential for ap- 
plications where precise sampling in time is important. 
In these 
applications the signal sampling must occur at exactly equal in- 
tervals to minimize errors due to sampling uncertainty or jitter. 
In these cases the eONVST 
input is driven from a timer or 
some precise clock source. On receipt of a eONVST 
pulse, the 
AD7878 acknowledges by taking the BUSY output low. This 
BUSY output can be used to ensure no bus activity while the 
track/hold goes from track to hold mode (see Extended Read- 
/Write section). The eONVST 
input must stay low for at least 
two eLK 
IN periods. The track/hold amplifier switches from 
the track to hold mode on the rising edge of eONVST 
and con- 


version is also initiated at this point. The BUSY output returns 
high after the eONVST 
input goes high and the ADe begins its 


successive approximation 
routine. Once conversion has been ini- 


tiated another conversion start should not be attempted until the 
full conversion cycle has been completed. Figure 5 shows the 
timing diagram for the conversion start. 


In applications where precise sampling is not critical, the 
eONVST 
pulse can be generated from a microprocessor WR or 
RD line gated with a decoded address (different to the AD7878 
es address). Note that the eONVST 
pulse width must be a 
minimum of two AD7878 eLK 
IN cycles. 
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READIWRITE 
OPERATIONS 
The AD7878 read/write operations consist of reading from the 
FIFO memory and reading and writing from the status/control 
register. These operations are controlled by the es, 
DMRD, 


DMWR and ADDO logic inputs. A description of these opera- 
tions is given in the following sections. In addition to the basic 
read/write operations there is an extended read/write operation. 
This can occur if a read/write operation occurs during a 
eONVST 
pulse. This extended read/write is intended for use 
with microprocessors that can be driven into a WAIT state, and 
the scheme is recommended 
for applications where an external 
timer controls the eONVST 
input asynchronously to the micro- 


processor read/write operations. 


Basic Read Operation 
Figure 6 shows the timing diagram for a basic read operation on 
the AD7878. es and DMRD going low accesses data from ei- 
ther the status/control register or the FIFO memory. A read 
operation with ADDO low accesses data from the FIFO while 
a read with ADDO high accesses data from the status/control 
register. 


• 


Basic Write Operation 
A basic write operation to the AD7878 status/control 
register 
consists of bringing es and DMWR low with ADDO high. In- 
ternally these signals are gated with eLK 
IN to provide an in- 
ternal REGISTER 
ENABLE signal (see Figure 7). The pulse 
width of this REGISTER 
ENABLE signal is effectively the 
overlap between the eLK 
IN low time and the DMWR pulse. 


This may result in shorter write pulse widths, data setup times 
and data hold times than those given by the microprocessor. 
The timing on the AD7878 timing diagram of Figure 8 is there- 
fore given with respect to the internal REGISTER 
ENABLE 
signal rather than the DMWR signal. 


Extended 
Read/Write 
Operation 
As described earlier, a read/write operation to the AD7878 can 
cause spurious on-chip transients. 
Should these transients occur 


while the tracklhold is going from track to hold mode, it may 
result in an incorrect value of VIN being held by the tracklhold 
amplifier. Because the CONVST input has asynchronous capa- 
bility, a read/write operation could occur while CONVST is low. 
The AD7878 allows the read/write operation to occur but has 
the facility to disable its three-state drivers so that there is no 
data bus activity and, hence, no transients while the tracklhold 
goes from track to hold. 


Writing a logic 0 to DBS (DISO) of the status/control 
register 
prevents the output latches from being enabled while the 
AD7878 BUSY signal is low. If a microprocessor read/write op- 
eration can occur during the BUSY low time, the BUSY should 
be gated with CS of the AD7878 and this gated signal used to 
stretch the instruction 
cycle using DMACK (ADSP-2l00), 
READY (TMS32020) or DTACK (68000). 


When CONVST goes low, the AD7878 acknowledges it by 
bringing BUSY low on the next rising edge of CLK IN. With a 
logic 0 in DBS, the AD7878 data bus cannot now be enabled. If 
a read/write operation now occurs, the BUSY and CS gated sig- 
nal drives the microprocessor into a WAIT state, thereby ex- 
tending the read/write operation. BUSY goes high on the second 
rising edge of CLK IN after CONVST goes high. The AD7878 
data outputs are now enabled and the microprocessor is released 
from its WAIT state, allowing it to complete its read/write oper- 
ation to the AD7878. 


The microprocessor cycle time for the read/write operation is 
extended by the CONVST pulse width plus two CLK IN peri- 
ods worst case. This is the maximum length of time for which 
BUSY can be low. Assuming a CONVST pulse width of two 
CLK IN periods and an 8 MHz CLK IN, the instruction cycle 
is extended by 500 ns maximum. Figure 9 shows the timing dia- 
gram for an extended read operation. In a similar manner, a 
write operation will be extended if it occurs during a CONVST 
pulse. 


For processors which cannot be forced into aWAIT 
state, writ- 
ing a logic I into DBS of the status/control register allows the 
output latches to be enabled while BUSY is low. In this case 
BUSY still goes low as before, but it would not be used to 
stretch the read/write cycle and the instruction cycle continues 
as normal (see Figures 6 and 8). 
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AD7878 DYNAMIC 
SPECIFICATIONS 
The AD7878 is specified and 100% tested for dynamic perfor- 
mance specifications rather than for traditional de specifications 
such as Integral and Differential Nonlinearity. 
These ac specifi- 
cations provide information on the AD7878's effect on the spec- 
tral content of the input signal. Hence, the parameters for which 
the AD7878 is specified include SNR, Harmonic Distortion, 
Intermodulation 
Distortion and Peak Harmonics. 
These terms 
are discussed in more detail in the following sections. 


Signal·to·Noise 
Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental 
signals (exclud- 
ing de) up to half the sampling frequency (fs/2). SNR is depen- 
dent upon the number of quantization 
levels used in the 
digitization process; the more levels, the smaller the quantiza· 
tion noise. The theoretical signal-to-noise ratio for a sine wave 
input is given by 


SNR 
= (6.02 N 
+ 1.76) dB 
(1) 


where N is the number of bits. Thus for an ideal l2-bit con- 
verter, SNR = 74 dB. 


The output spectrum from the ADC is evaluated by applying a 
sine-wave signal of very low distortion to the V1N input, which 
is sampled at a 100 kHz sampling rate. A Fast Fourier Trans- 
form (FFT) plot is generated from which the SNR data can be 
obtained. Figure 10 shows a typical 2048 point FFT plot of the 
AD7878KN with an input signal of 25 kHz and a sampling fre- 
quency of 100 kHz. The SNR obtained from this graph is 
72.6 dB. It should be noted that the harmonics are included in 
the SNR calculation. 
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Figure 
10. AD7878 
FFT Plot 


Effective Number 
of Bits 
The formula given in (1) relates the SNR to the number of bits. 
Rewriting the formula, as in (2), it is possible to get a measure 
of performance expressed in effective number of bits (N). The 
effective number of bits for a device can be calculated directly 
from its measured SNR. 


SNR 
- 
1.76 
N = 
6.02 
(2) 


Figure 11 shows a typical plot of effective number of bits versus 
frequency for an AD7878KN with a sampling frequency of 
100 kHz. The effective number of bits typically falls between 
11.7 and 11.85 corresponding 
to SNR figures of 72.2 and 
73.1 dB. 


Harmonic 
Distortion 
Harmonic Distortion is the ratio of the rms sum of harmonics to 
the fundamental. 
For the AD7878, Total Harmonic Distortion 


(THD) is defined as: 


V(V 
2 + V 2 + V 
2 + V 2 + V 2) 
THD = 20 Log 
2 
3 
4 
5 
6 
VI 


where VI is the rms amplitude of the fundamental and V2, V" 
V., V5 and V6 are the rms amplitudes of the second to the sixth 
harmonic. The THD is also derived from the FFT plot of the 
ADC output spectrum. 


Intermodulation 
Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa±nfb 
where 
m, n = 0,1,2,3 .... 
, etc. Intermodulation 
terms are those for 
which neither m nor n is equal to zero. For example, the second 
order terms include (fa+fb) and (fa-fb) 
while the third order 
terms include (2fa+fb), 
(2fa-fb), 
(fa+2fb) and (fa-2fb). 


Using the CCIF standard, where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves, 
while the third order terms are usually at a frequency close to 
the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu- 
lation distortion is as per the THD specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of the fundamental expressed in dBs. 


Intermodulation 
distortion is calculated using an FFT algorithm 
but, in this case, the input consists of two equal amplitude, low 
distortion sine waves. Figure 12 shows a typical IMD plot for 
the AD7878. 


Peak Harmonic 
or Spurious Noise 
Peak harmonic or spurious noise is defmed as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fs/2 and excluding dc) to the rms value of the 
fundamental. 
Normally, the value of this specification will be 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor the 
largest peak will be a noise peak. 
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Histogram 
Plot 
When a sine wave of a specified frequency is applied to the V1N 
input of the AD7878 and several million samples are taken, it is 
possible to plot a histogram showing the frequency of occur- 
rence of each of the 4096 ADC codes. If a particular step is 
wider than the ideal 1 LSB width, then the code associated with 
that step will accumulate more counts than for the code for an 
ideal step. Likewise, a step narrower than ideal will have fewer 
counts. Missing codes are easily seen in the histogram plot be- 
cause a missing code means zero counts for a particular code. 
Large spikes in the plot indicate large differential nonlinearity. 


Figure 13 shows a histogram plot for the AD7878KN 
with a 


sampling frequency of 100 kHz and an input frequency of 
25 kHz. For a sine-wave input, a perfect ADC would produce a 
cusp probability density function described by the equation: 


where A is the peak amplitude of the sine wave and p (V) is the 
probability of occurrence at a voltage V. The histogram plot of 
Figure 13 corresponds very well with this cusp shape. The ab- 
sence of large spikes in this plot indicates small dynamic differ- 
ential nonlinearity (the largest spike in the plot represents less 
than 1/4 LSB of DNL error). The AD7878 has no missing 
codes under these conditions since no code records zero counts. 
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mode on the rising edge of CONVST, and the value of V1N at 
this point is the value which will be converted. However, the 
conversion actually starts on the next rising edge of CLK IN 
after CONVST goes high. If CONVST goes high within approx- 
imately 30 ns prior to a rising edge of CLK IN, that CLK IN 
edge will not be seen as the first CLK IN edge of the conver- 
sion process, and conversion will not actually start until one 
CLK IN cycle later. As a result, the conversion time (from 
CONVST to FIFO update) will vary by one clock cycle depend- 
ing on the relationship between CONVST and CLK IN. A con- 
version cycle normally consists of 56 CLK IN cycles (assuming 
no read/write operations) which corresponds to a 7 fLsconver- 
sion time. If CONVST goes high within 30 ns prior to a rising 
edge of CLK IN, the conversion time will consist of 57 CLK 
IN cycles, i.e., 7.125 fLS.This effect does not cause track/hold 
jitter. 


INTERNAL 
REFERENCE 
The AD7878 has an on-chip temperature 
compensated buried 
Zener reference (see Figure 14) that is factory trimmed to 3 V 
±I%. 
Internally, 
it provides both the DAC reference and the de 
bias required for bipolar operation. The reference output is 
available (REF OUT) and is capable of providing up to 500 fLA 
to an external load. 


Figure 
14. 
AD7878 
Reference 
Circuit 


The maximum recommended capacitance on REF OUT for nor- 
mal operation is 50 pF. If the reference is required for use ex- 
ternal to the AD7878, then it should be decoupled with a 200 il 
resistor in series with a parallel combination of a 10 fLFtanta- 
lum capacitor and a 0.1 fLF ceramic capacitor. These decoupling 
components are required to remove voltage spikes caused by the 
AD7878's internal operation. 


TRACK·AND·HOLD 
AMPLIFIER 
The track-and-hold 
amplifier on the analog input of the AD7878 


allows the ADC to accurately convert an input sine wave of 6 V 
peak-peak amplitude to l2-bit accuracy. The input bandwidth of 
the track/hold amplifier is much greater than the Nyquist rate of 
the ADC even when operated at its minimum conversion time. 
The 0.1 dB cutoff frequency occurs typically at 500 kHz. The 
track/hold amplifier acquires an input signal to l2-bit accuracy 
in less than 2 fLS. 


The operation of the track/hold amplifier is transparent 
to the 
user. The track/hold amplifier goes from its tracking mode to 
its hold mode at the start of conversion on the rising edge of 
CONVST and returns to track mode at the end of conversion. 


range is ±3 V into an input resistance of typically 15 kil. The 
designed code transitions occur midway between successive 
integer LSB values (i.e., 112LSB, 3/2 LSBs, 5/2 LSBs .... 
FS-3/2 
LSBs). The output code is 2s complement binary with 
1 LSB = FS/4096 
= 6 V/4096 
= 1.46 mY. The ideal input! 
output transfer function is shown in Figure 16. 
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OFFSET 
AND FULL-SCALE 
ADJUSTMENT 
In most Digital Signal Processing (DSP) applications offset and 
full-scale error have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale error effect is linear and does not cause 
problems as long as the input signal is within the full dynamic 
range of the ADC. Some applications may require that the input 
signal span the full analog input dynamic range and, accord- 
ingly, offset and full-scale error will have to be adjusted to zero. 


Where adjustment is required, 
offset must be adjusted before 
full-scale error. This is achieved by trimming the offset of the 
op amp driving the analog input of the AD7878 while the input 
voltage is 112LSB below ground. The trim procedure is as fol- 
lows: apply a voltage of -0.73 
mV (-112 LSB) at V, and adjust 
the op amp offset voltage until the ADC output code flickers 
between 1111 1111 1111 andסס oo 0000סס oo. 


Gain error can be adjusted at either the first code transition 
(ADC negative full scale) or the last code transition (ADC 
positive full scale). The trim procedures for both cases are as 
follows: 


Positive Full-Scale Adjust 
Apply a voltage of 2.9978 V (FS/2 
- 
3/2 LSBs) at V" Adjust 


R2 until the ADC output code flickers between 0111 1111 1110 
and 0111 1111 1111. 


Negative Full-Scale 
Adjust 
Apply a voltage of - 2.9993 V (- FS/2 
+ 112 LSB) at V 1 and 
adjust R2 until the ADC output code flickers between 1000 
סס ooסס oo and 1000סס oo 000I. 


MICROPROCESSOR 
INTERFACING 
The AD7878 high speed bus timing allows direct interfacing to 
DSP processors. Due to the complexity of the AD7878 internal 
logic, only synchronous interfacing is allowed. This means that 
the ADC clock must be the same as, or a derivative of, the pro- 
cessor clock. Suitable processor interfaces are shown in Figures 
18 to 21. 


AJ>7878-AJ>SP-2IOOITMS320IOITMS32020 
All three interfaces use an external timer for conversion control, 
allowing the ADC to sample the analog input asynchronously to 
the microprocessor. 
The AD7878 ALFL output interrupts 
the 
processor when the FIFO preprograrnmed 
word count is 
reached. The processor then reads the conversion results from 
the AD7878 internal FIFO memory. 


• 


Figure 
19. AD7878 
- 
TMS32020 
Interface 


The interfaces to the ADSP-2100 and the TMS32020 gate the 
AD7878 CS and the BUSY to provide a signal which drives the 
processor into a wait state if a read/write operation to the ADC 
is attempted while the ADC tracklhold amplifier is going from 
the track to the hold mode. This avoids digital feedthrough 
to 
the analog circuitry. The TMS32020 does not have separate RD 
and WR outputs to drive the AD7878 DMWR and DMRD in- 
puts. These are generated from the processor STRB and RJW 
outputs with the addition of some logic gates. 


Figure 
20. AD7878 
- 
TMS32010 
Interface 


AJ>7878-MC68000 
This interface also uses an external timer for conversion control 
as described for the previous three interfaces. It is discussed 
separately because it needs extra logic due to the nature of its 
interrupts. 
The MC68000 has eight levels of external interrupt. 


When interrupting 
this processor one of these levels (0 to 7) has 
to be encoded onto the IPL2-IPLO 
inputs. This is achieved with 
a 74148 encoder in Figure 21, (interrupt 
Level I is taken for 
example purposes only). The MC68000 places this interrupt 
level on address bits A3 to Al at the start of the interrupt 
serv- 
ice routine. Additional logic is used to decode this interrupt 
level on the address bus and the FC2-FCO outputs to generate a 
VPA signal for the MC68ooo. This results in an autovectored 
interrupt, 
the start address for the service routine must be 
loaded into the appropriate auto vector location during initializa- 
tion. For further information on the 68000 interrupts 
consult 
the 68000 user's manual. 


The MC68000 AS and RJW outputs are used to generate sepa- 
rate DMWR and DMRD inputs for the AD7878. As with the 
three interfaces previously described, WAIT states are inserted 
if a read/write operation is attempted while the track/hold ampli- 
fier is going from the track to the hold mode. 


Typical AD7878 Microprocessor 
Operating 
Sequence 
After power up or reset the status/control register is initialized 
by writing to the AD7878. This enables the ALFL output if 
required for a microprocessor interrupt 
and sets the effective 
word length of the FIFO memory. The processor now executes 
the main body of the program while waiting for an ADC inter- 
rupt. This interrupt 
will occur when the preprogrammed 
num- 
ber of samples are collected in the FIFO memory. The interrupt 
service routine first interrogates DB5(FOOR) 
of the starus/con- 
trol register to determine if any sample in the FIFO memory is 
out of range. If all data samples are valid, then the program pro- 
ceeds to read the FIFO memory. If, on the other hand, at least 
one sample is out of range, then an overrange routine is called. 


There are many actions that can be taken by the out of range 
routine, the selection of which is application dependent. 
One 
option is to ignore all the current samples residing in the FIFO 
memory, reinitialize the starus/control register and rerurn to the 
main body of the program. Another option is to check the indi- 
vidual out of range starus of each word in the FIFO memory 
and to discard the invalid ones. The underrange or overrange 
starus of each word can also be determined and the analog input 
adjusted accordingly before returning to the main program. 


Note there is no need to check the out of range starus if the ana- 
log input is always assured to be within range. 


THROUGHPUT 
RATE 
The AD7878 has a maximum specified throughput 
rate (sample 
rate) of 100 kHz. This is a worst-case test condition and specifi- 
cations apply for reduced sampling rates, provided that the 
Nyquist criterion is obeyed. The throughput 
rate must take into 
account ADC CONVST pulse width, ADC conversion time and 
the track/hold amplifier acquisition time. The time required for 
each of these tasks is shown in Table II for a selection of DSP 
processors. Since the ADC clock has to be synchronized to the 
microprocessor clock, the conversion time depends on the mi- 
croprocessor used. In addition, time must be allowed for reading 
data from the AD7878. If this task is performed during the 
track/hold amplifier acquisition period, then it does not impact 
the overall throughput 
rate. However, if the read operations oc- 
cur during a conversion, then they may stretch the conversion 
time and reduce the track/hold amplifier acquisition time. The 
track/hold amplifier requires a minimum of 2 fLS to operate to 
specification. The time required to read from the AD7878 de- 
pends on the number of FIFO memory locations to be read and 
the software organization. 


As an example, consider an application using the ADSP-2l00 
and the AD7878 with a throughput 
rate of 100 kHz. The time 
required for the CONVST pulse and the ADC conversion is 
7.375 
fLS. This leaves 2.625 
fLS for the track/hold acquisition 
time and for reading the ADC (both operations occurring in par- 
allel). The ADSP-2l00, 
when operating from a 32 MHz clock, 
has an instruction cycle of 125 ns and an interrupt 
response time 
of 500 ns. This allows adequate time to perform 16 read opera- 
tions within the time budget allowed. 


Table II. AD7878 Throughput 
Rate 


CONVST 
Conversion 
TIH Acquisition 
Pulse Width 
Time 
Time 


Number of 
Non- 
Clock Cycles 
2 min 
57 max 
Applicable 


ADSP·2loo' 
250 ns min 
7.125 
fLS max 
2 fLS min 
TMS320102 
400 ns min 
11.l4 
fLS max 
2 fLS min 
TMS320202 
400 ns min 
11.l4 
fLS max 
2 fLS min 


NOTES 
'ADSP-2100 Clock Freq. = 32 MHz. 
'TMS320XX Clock Freq. = 20 MHz. 


APPLICATION 
ffiNTS 
Good printed circuit board (PCB) laYOlitis as important as the 
overall circuit design itself in achieving high speed NO perfor- 
mance. The AD7878 is required to make bit decisions on an 
LSB size of 1.465 mY. To achieve this, the designer has to be 
conscious of noise both in the ADC itself and in the preceding 
analog circuitry. Switching mode power supplies are not recom- 
mended as the switching spikes will feed through to the compar- 
ator, causing noisy code transitions. Other concerns are ground 
loops and digital feedthrough from microprocessors. 
These fac- 
tors influence any ADC, and a proper PCB layout that mini- 
mizes these effects is essential for best performance. 


LAYOUT 
HINTS 
Ensure that the layout for the printed circuit board has the digi- 
tal and analog signal lines separated as much as possible. Take 
care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 


Establish a single point analog ground (star ground) separate 
from the logic system ground at Pin 22 (AGND) or as close as 
possible to the AD7878, as shown in Figure 22. Connect all 
other grounds and Pin 7 (AD7878 DGND) to this single analog 
ground point. Do not connect any other digital grounds to this 
analog ground point. Low impedance analog and digital power 
supply common returns are essential to low noise operation of 
the ADC, so make the foil width for these tracks as wide as pos- 
sible. The use of ground planes minimizes impedance paths and 
also guards the analog circuitry from digital noise. The circuit 
layouts of Figures 25 and 26 have both analog and digital 
ground planes, which are kept separated and only joined to- 
gether at the AD7878 AGND pin. 


NOISE 
Keep the input signal leads to VIN and signal return leads from 
AGND (Pin 22) as short as possible to minimize input noise 
coupling. In applications where this is not possible, use a 
shielded cable between the source and the ADC. Reduce the 
ground circuit impedance as much as possible since any poten- 
tial difference in grounds between the signal source and the 
ADC appears as an error voltage in series with the input signal. 


Figure 22. Power Supply Grounding Practice 


DATA ACQUISITION 
BOARD 
Figure 23 shows the AD7878 in a data acquisition circuit that 
will interface directly to either the ADSP-2100, TMS32010 or 
the TMS32020. The corresponding 
printed circuit board (PCB) 
layout and silkscreen are shown in Figures 24 to 26. 


The only additional component required for a full data acquisi- 
tion system is an antialiasing filter. There is a component grid 
provided near the analog input on the PCB which may be used 
for such a filter or any other conditioning circuitry. To facilitate 
this option, a wire link (labelled LKI on the PCB) is required 
on the analog input track. This link connects the input signal to 
either the component grid or directly to the buffer amplifier 
driving the AD7878 analog input. 


Microprocessor connections to the PCB can be made by either 
of two ways: 


1. 96-contact (3 ROW) Eurocard connector. 
2. 26-contact (2 ROW) IDC connector. 


The 96-contact Eurocard connector is directly compatible with 
the ADSP-2100 Evaluation Board Prototype Expansion Connec- 
tor. The expansion connector on the ADSP-2100 has eight de- 
coded chip enable outputs labelled ECE8 to ECE!. ECE6 is 
used to drive the AD7878 CS input on the data acquisition 
board. To avoid selecting onboard RAM sockets at the same 
time, LK6 on the ADSP-2100 board must be removed. In addi- 
tion, the expansion connector on the ADSP-2100 has four inter- 


rupts labelled EIRQ3 to EIRQO. The AD7878 ALFL output 
connects to EIRQO. The AD7878 and ADSP-2100 data lines are 
aligned for left justified data transfer. 


The 26-way IDC connector contains all the necessary contacts 
for both the TMS32010 and TMS32020. There are two switches 
on the data acquisition board that must be set to enable the ap- 
propriate interface configuration (see Table III). The interface 
connections for the TMS32010/32020 
and IDC signal contact 
numbers are shown in Table IV and Figure 23. Note the 
AD7878 CS input must be decoded from the address bus prior 
to the AD7878 evaluation board for the TMS320XX interfaces. 


Connections to the analog input (VIN) and the CONVST input 
are made via two BNC sockets labelled SKTI and SKT2 on the 
silk-screen. If the CONVST input is derived from either the 
microprocessor or ADC clock, the effects of clock noise cou- 
pling will be reduced. 
• 


Table III. AD7878 PCB Switch Settings 


SWITCH SETTING 


Microprocessor 


ADSP-2100 
TMS32010 
TMS32020 


SWI 


A 
B 
B 


SW2 


A 
A 
B 


POWER SUPPLY CONNECTIONS 
The PCB requires two analog supplies and one 5 V digital sup- 
ply. Connections to the analog supplies are made directly to the 
PCB as shown on the silk screen in Figure 24. The connections 
are labelled V+ and V- and the range for both of these sup- 
plies is 12 V to IS V. Connection to the 5 V digital supply is 
made through either of the two microprocessor connectors. The 
+5 V and -5 V analog power supplies required by the AD7878 
are generated from two voltage regulators on the V+ and V- 
power supply inputs (IC3 and IC4 in Figure 23). 


AD711 Op Amp 
AD7878 Analog-to-Digital 
Converter 
MC78LOS 5 V Regulator 
MC79LOS -5 V Regulator 
74HCOOQuad NAND Gate 
74HC04 Hex Inverter 
74HC02 Quad NOR Gate 
Single Pole Double Throw 
Double Pole Double Throw 
Wire Link for Analog Input 
10 fJoFCapacitors 


IC3 
IC4 
ICS* 
IC6* 
IC7 
SWI 
SW2 
LKI 
Cl, C3, CS, C7, C9 
Cll, 
Cl3, CIS 
C2, C4, C6, C8, CIO 
C12, C14, Cl6 
Rl*, R2* 
SKTl, 
SKT2 
SKT3 


10 kfi Resistors 
BNC Sockets 
26-Contact (2 Row) IDC 
Connector 
96-Contact (3 Row) Eurocard 
Connector 


RESET 
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ADDO 


BUSY 
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Table IV. TMS32010rrMS32020 
Interface 
Connections 


IDC 
Signal Connect 
TMS32010 
TMS32020 
Contact No. 
Mnemonic 
Signal 
Signal 


1 
RJW 
RJW 
2 
STRB 
STRB 
3 
DMRD 
DEN 
4 
DMWR 
WE 
5 
CS 
CS 
CS 
6 
READY 
READY 
7 
RESET 
RESET 
RESET 
8 
ALFL 
INT 
INT 
9 
ADDO 
PAO 
AO 
10 
CLK 
CLKOUT 
CLKOUT2 
11 
DB 10 
DIO 
DIO 
12 
DB 11 
D11 
D11 
13 
DB8 
D8 
D8 
14 
DB9 
D9 
D9 
15 
DB6 
D6 
D6 
16 
DB7 
D7 
D7 
17 
DB4 
D4 
D4 
18 
DB5 
D5 
D5 
19 
DB2 
D2 
D2 
20 
DB3 
D3 
D3 
21 
DBO 
DO 
DO 
22 
DBI 
DI 
DI 
23 
5V 
5V 
5V 
24 
5V 
5V 
5V 
25 
GND 
GND 
GND 
26 
GND 
GND 
GND 


I-.ANALOG 
WDEVICES 


I 
FEATURES 
12-Bit Monolithic AID Converter 
66 kHz Throughput Rate 
12 f.I.S Conversion Time 
3 f.I.S On-Chip Track/Hold Amplifier 
Low Power 
Power Save Mode: 2 mW typ 
Normal Operation: 25 mW typ 
70dB SNR 
Fast Data Access Time: 57 ns 
Small 24-Lead SOIC and 0.3" DIP Packages 


APPUCATIONS 
Battery Powered Portable Systems 
Digital Signal Processing 
Speech Recognition and Synthesis 
High Speed Modems 
Control and Instrumentation 


GENERAL DESCRIPTION 
The AD7880 is a high speed, low power, 12-bit AID converter 
which operates from a single + 5 V supply. It consists of a 3 •.•.s 
track/hold amplifier, a 12 •.•.s successive-approximation 
ADC, 
versatile interface logic and a multiple-input-range 
circuit. The 
part also includes a power save feature. 


An internal resistor network allows the part to accept both uni- 
polar and bipolar input signals while operating from a single 
+5 V supply. Fast bus access times and standard control inputs 
ensure easy interfacing to modem microprocessors 
and digital 
signal processors. 


The AD7880 features a total throughput 
time of 15 •.•.s and can 
convert full power signals up to 33 kHz with a sampling fre- 
quency of 66 kHz. 


In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the AD7880 is also fully 
specified for dynamic performance parameters including har- 
monic distortion and signal-to-noise ratio. 


The AD7880 is fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The part is available in a 24-pin, 0.3 inch-wide, plastic or her- 
metic dual-in-line package (DIP) as well as a small 24-lead SOIC 
package. 


LC2MOS, Single +5 V Supply, 
Low Power, 12-Bit Sampling ADC 


AD7880 
I 
• 


cs 


eLKIN 


CONVST 
iiD 


BUSY 


PRODUCT 
HIGHLIGHTS 
I. Fast Conversion Time. 


12 •.•.s conversion time and 3 •.•.s acquisition time allow for 
large input signal bandwidth. 
This performance is ideally 


suited for applications in areas such as telecommunications, 
audio, sonar and radar signal processing. 


2. Low Power Consumption. 
2 mW power consumption 
in the power-down mode makes 
the part ideally suited for portable, hand held, battery pow- 
ered applications. 


3. Multiple Input Ranges. 
The part features three user-determined 
input ranges, 0 to 


+5 V, 0 to 10 V and ±5 V. These unipolar and bipolar 
ranges are achieved with a 5 V only power supply. 


AD7880 - 
SPECIFICATIONS 


(VDD = +5 
V ± 5%, VREF = VDD• AGNO = OGNO = 0 V, fCLX1N = 2.5 MHz, 
MODE= VDD unless otherwise noted. All Specifications 
1m;. to 1ml• unless 
otherwise noted.) 


Parameter 
B Version' 
eVersion' 
Units 
Test Conditions/Comments 


DYNANUCPERFORMANCE2 
Signal-to-Noise 
Ratio' 
(SNR) 
70 
70 
dB min 
Typically SNR Is 72 dB 
VIN = I kHz Sine Wave, fSAMPLE= 66 kHz 
Total Harmonic 
Distortion 
(THD) 
-80 
-80 
dB typ 
VIN = I kHz Sine Wave, fSAMPLE= 66 kHz 
Peak Harmonic 
or Spurious Noise 
-80 
-80 
dB typ 
VIN = I kHz, fSAMPLE= 66 kHz 
Intermodulatioll 
Distortion 
(IMD) 
Second Order Terms 
-80 
-80 
dB typ 
fa = 0.983 kHz, fb = 1.05 kHz, fSAMPLE= 66 kHz 
Third Order Terms 
-80 
-80 
dBtyp 
fa = 0.983 kHz, fb = 1.05 kHz, fSAMPLE= 66 kHz 


DC ACCURACY 
Resolution 
12 
12 
Bits 
AU DC ACCURACY Specifications Apply for 
the Three Analog Input Ranges 
Integral Nonlinearity 
±I 
±I 
LSB max 
Differential 
Nonlinearity 
±I 
±I 
LSB max 
Guaranteed 
Monotonic 
Full-Scale Error 
±15 
±5 
LSB max 
Bipolar Zero Error 
±IO 
±5 
LSB max 
Unipolar Offset Error 
±5 
±5 
LSB max 


ANALOG 
INPUT 
Input Voltage Ranges 
o to VREF 
o to VREF 
Volts 
See Figure 5 
Ot02VREF 
Ot02VREF 
Volts 
See Figure 6 
:tVREF 
:tVREF 
Volts 
See Figure 7 
Input Resistance 
10 
10 
MOmin 
o to VREFRange 
5/12 
5/12 
kO minimax 
8 kO typical: 0 to 2VREFRange 
5/12 
5/12 
kO minimax 
8 kO typical: ±VREF Range 


REFERENCE 
INPUT 
VREF(For Specified Performance) 
5 
5 
V 
±5%: NormaUy VREF = Voo (See Reference Input Section) 


lREF 
1.5 
1.5 
mAmax 
Nominal Reference Range 
2.5Noo 
2.5Noo 
V minimax 
See Figure 3 for Degradation 
in Performance 
Down to 2.5 V 


LOGIC INPUTS 
CONVST,RD,C$,CLKlN 
Input High Voltage, VINH 
2.4 
2.4 
Vmin 
Input 
Low Voltage, VINL 
0.8 
0.8 
Vmax 
Input Current, 
IIN 
±1O 
±1O 
ILAmax 
V1N = OVorVoo 
Input Capacitance, 
CIN• 
10 
10 
pF max 
MODE 
INPUT 
Input High Voltage, VINH 
4 
4 
Vmin 
Input Low Voltage, V1NL 
I 
I 
Vmax 
Input Current, 
IIN 
±125 
±125 
ILAmax 
V1N = 0 V or Voo 
Input Capacitance, 
CIN• 
10 
10 
pF max 


LOGIC OUTPUTS 
DBll-DBO, 
BUSY 
Output 
High Voltage, VOH 
4.0 
4.0 
Vmin 
ISOURCE= 400 ILA 
Output 
Low Voltage, VOL 
0.4 
0.4 
Vmax 
ISINK = 1.6 mA 
DB ll-DBO 
Floating-State 
Leakage Current 
±1O 
±1O 
ILAmax 
Floating-State 
Output 
Capacitance' 
10 
10 
pF max 


CONVERSION 
u 


Conversion Time 
12 
12 
ILSmax 
fCLKIN= 2.5 MHz 
TrackIHold 
Acquisition 
Time 
3 
3 
IJ-Smax 


POWER 
REQUIREMENTS 
Voo 
+5 
+5 
V nom 
±5% for Specified Performance 
100 
Normal Power Mode @ +25°C 
7.5 
7.5 
mAmax 
Typically 4 mA; MODE = Voo 


Tolin 
to Tmax 
10 
10 
mAmax 
Typically 5 mA; MODE = Voo 
Power Save Mode @ + 250C 
750 
750 
ILAmax 
Logic Inputs @ 0 V or Voo; MODE = 0 V 
Tmin to Tmax 
I 
I 
mAmax 
Logic Inputs 
@ 0 V or VDO; MODE = 0 V 
Power Dissipation 
Normal Power Mode @ +25°C 
37.5 
37.5 
mWmax 
Voo = 5 V: Typically 20 mW; MODE = Voo 
Tmin to Tmax 
50 
50 
mWmax 
Voo = 5 V: Typically 25 mW; MODE = Voo 
Power Save Mode @ +25°C 
3.75 
3.75 
mWmax 
Voo = 5 V: Typically 2 mW; MODE = 0 V 
Tmin to Tmax 
5 
5 
mWmax 
Voo = 5 V: Typically 2.5 mW; MODE = 0 V 


NOTES 
'Temperature 
Ranges are as follows: B/C Versions, -40OC to +85°C. 


2V1N = 0 to VREFo 
3SNR calculation includes distonion and noise components. 
"Sample tested @25°C (0 ensure compliance. 
Specifications subject to change without notice. 


I 
TIMING CHARACTERISTICS1 


Limit at 25·C 
Limit at T miD' T max 
Parameter 
(All Versions) 
(All Versions) 
Units 
Conditions/Comments 


t. 
50 
50 
ns min 
CONVST Pulse Width 


t2 
130 
130 
ns min 
CONVST to BUSY Falling Edge 


t3 
0 
0 
ns min 
BUSY to CS Setup Time 


t. 
0 
0 
ns min 
CS to RD Setup Time 


t, 
0 
0 
ns min 
CS to RD Hold Time 
~ 
60 
75 
ns min 
RD Pulse Width 
tl 
57 
70 
ns max 
Data Access Time after RD 


t 3 
5 
5 
ns min 
Bus Relinquish Time after RD 
8 
50 
50 
ns max 
• 


NOTES 
'Timing specifications in bold print are 100% production tested. AJJother times are sample tested at 25"<:to ensure compliance. All input signals are specified 
with tr = If = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
't., is measured with the load circuit of Figure 2 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
't, is derived from the measured time taken by the data outputs to chanse by 0.5 V when loaded with the circuit of Figure 2. The measured number is then 
extrapolated back to remove the effects of charsins the 50 pF capacitor. This means that the time, Is, quoted in the timing characteristics is the true bus relin- 
quish time of the part and as such is independent of external bus loadins capacitances. 
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cs 
CONVST 
RD 
Function 
I 
1 
X 
Not Selected 
1 
1j: 
1 
Start Conversion S- 
O 
1 
0 
Enable ADC Data 
0 
1 
1 
Data Bus Three Stated 


ABSOLUTE 
MAXIMUM 
RATINGS· 
Voo to AGND 
-0.3 
V to +7 V 
Voo to DGND 
-0.3 
V to +7 V 


AGND to DGND 
-0.3 
V to Voo 
+0.3 V 


VINA>VtND to AGND (Fig 5) 
-0.3 
V to Voo +0.3 V 
VINAto AGND (Fig 6) 
-0.6 
V to 2 Voo 
+0.6 V 
VINAto AGND(Fig 
7) 
-Voo-O.3 
V to Voo+0.3 
V 


VREF to AGND 
0.3 V to Voo 
Digital Inputs to DGND 
-0.3 
V to Voo +0.3 V 
Digital Outputs to DGND 
-0.3 
V to Voo +0.3 V 


Operating Temperature 
Range 
Industrial (B, C Versions) 
-40·C 
to +8S·C 
Storage Temperature 
Range 
-6S·C to + IS0·C 
Lead Temperature 
(Soldering, 
10 secs) 
+ 300·C 
Power Dissipation (Any Package) to +7S·C 
450 mW 
Derates above +7S·C by 
10 mWrC 


·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


Bipolar 
Full-Scale 
Zero 
Temperature 
Error 
Error 
Package 
Model 
Range 
(LSBs) 
(LSBs) 
Option 


AD7880BN 
-40°C to +8SoC 
±IS 
±10 
N-24 
AD7880BQ 
-40°C to +8SoC 
±lS 
±10 
Q-24 
AD7880CN 
-40°C to +8SoC 
±S 
±S 
N-24 
AD7880CQ 
-40°C to +8SoC 
±S 
±S 
Q-24 
AD7880BR 
-40°C to +8SoC 
±lS 
±10 
R-24 
AD7880CR 
-40°C to +8SoC 
±S 
±S 
R-24 


Pin 
Pin 
No. 
Mnemonic 


1 
V1NA 


2 
V1NB 


3 
AGND 


4 
VREF 


5 
CS 


6 
CONVST 


7 
RD 


8 
BUSY 


9 
CLKIN 


10 
DGND 


11 ... 
22 
DBo-DBll 


23 
MODE 


24 
Voo 


Function 


Analog Input. 


Analog Input. 


Analog Ground. 


Voltage Reference Input. This is normally tied to V00' 


Chip Select. Active Low Logic input. The device is selected when this input is active. 


Convert Stan. A low to high transition on this input puts the tracklhold into hold mode and stans 
conversion. This input is asynchronous to the CLKIN 
and is independent 
of CS and RD. 


Read. Active Low Logic Input. This input is used in conjunction with CS low to enable data outputs. 


Active Low Logic Output. 
This status line indicates converter status. BUSY is low during conversion. 


Clock Input. TTL-compatible 
logic input. Used as the clock source for the ND convener. 
The markJ 
space ratio of the clock can vary from 40/60 to 60/40. 


Digital Ground. 


Three-State 
Data Outputs. 
These become active when CS and RD are brought low. 


MODE Input. This input is used to put the device into the power save mode (MODE 
= 0 V). During 
normal operation, the MODE input will be a logic high (MODE 
= Voo). 


Power Supply. This is nominally + 5 V. 


CIRCUIT 
INFORMATION 
The AD7880 is a +5 V single supply l2-bit AID converter. The 
part requires no external components apart from a 2.5 MHz ex- 
ternal clock and power supply decoupling capacitors. It contains 
a 12-bit successive approximation 
ADC based on a fast-settling 
voltage-output 
DAC, a high speed comparator and SAR, as well 
as the necessary control logic. The charge balancing comparator 
used in the AD7880 provides the user with an inherent track- 
and-hold function. The ADC is specified to work with sampling 
rates up to 66 kHz. 
CONVERTER 
DETAILS 
The AD7880 conversion cycle is initiated on the rising edge of 
the CONVST pulse, as shown in the timing diagram of Figure 
J. The rising edge of the CONVST pulse places the track/hold 
amplifier into "HOLD" 
mode. The conversion cycle then takes 


between 26 and 28 clock periods. The maximum specified con- 
version time is 12 ILS. This corresponds to a conversion cycle 
time of 28 clock periods with a CLKIN 
frequency of 2.5 MHz 
and also includes internal propagation delays. During conversion 
the BUSY output will remain low, and the output databus driv- 
ers will be three-stated. 
When a conversion is completed, the 
BUSY output will go to a high level, and the result of the con- 
version can be read by bringing CS and RD low. 


The track/hold amplifier acquires a 12-bit input signal in 3 ILS. 
The overall throughput 
time for the AD7880 is equal to the con- 
version time plus the track/hold acquisition time. For a 
2.5 MHz input clock the throughput 
time is 15 ILS. 


REFERENCE 
INPUT 
For specified performance, 
it is recommended 
that the reference 
input be tied to Voo' 
The part, however, will operate with a 
reference down to 2.5 V though with reduced performance spec- 
ifications. Figure 3 shows a graph of signal-to-noise ratio (SNR) 
versus VREF' 


VREF must not be allowed to go above V00 
by more than 
lOOmV. 


74 


.. 
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Fs= 51.2kHz 
F,. = 2.525kHz 


T,,= 25°C 


ANALOG 
INPUT 
The AD7880 has two analog input pins, V1NA and VINB• 
Figure 4 shows the input circuitry to the ADC sampling com- 
parator. The on-board attenuator 
network, made up of equal 
resistors, allows for various input ranges. 


Figure 4. AD7880 Input Circuit 


The AD7880 accommodates three separate input ranges, 0 to 
• 
VREF' 0 to 2 VREF and ± VREF' The input configurations corre- 
sponding to these ranges are shown in Figures 5, 6 and 7. 


With VREF = Voo and using a nominal Voo of +5 V, the 
input ranges are 0 to 5 V, 0 to 10 V and ±5 V, as shown in 
Table II. 


Analog Input 
VREF 
Input Connections 
Connection 
Range 
VINA 
VINB 
Diagram 
o V to +5 V 
Voo 
V1N 
VIN 
Figure 5 
o V to +10 V 
Voo 
V1N 
AGND 
Figure 6 
±5 V 
Voo 
VIN 
VREF 
Figure 7 


The AD7880 has two unipolar input ranges, 0 to 5 V and 0 to 
10 V. Figure 5 shows the analog input for the 0 to 5 V range. 
The designed code transitions occur midway between successive 
integer LSB values (i.e., 112LSB, 3/2 LSBs, 5/2 LSBs ... 
FS 
- 3/2 LSBs). The output code is straight binary with 1 LSB = 
FSI4096 = 5 VI 4096 = 1.22 mY. The same applies for the 0 to 
10 V range, as shown in Figure 6, except that the LSB size is 
bigger. In this case 1 LSB 
= FS14096 = 10 V14096 = 2.44 mY. 
The ideal input/output 
transfer characteristic for both these uni- 
polar ranges is shown in Figure 8. 


Figure 7 shows the AD7880's ± 5 V bipolar analog input con- 
figuration. Once again the designed code transitions occur mid- 
way between successive integer LSB values. The output code is 
straight binary with 1 LSB 
= FS14096 = 10 V14096 = 2.44 
mV. The ideal bipolar input/output 
transfer characteristic is 
shown in Figure 9. 


111•..111 


111 •••110 


100•..101 


100 .•.000 


011 ...111 


CLOCK 
INPUT 
The AD7880 is specified to operate with a 2.5 MHz clock con- 
nected to the CLKIN 
input pin. This pin may be driven di- 
rectly by CMOS or TIL 
buffers. The mark/space ratio on the 
clock can vary from 40/60 to 60/40. As the clock frequency is 
slowed down, it can result in slightly degraded accuracy perfor- 
mance. This is due to leakage effects on the hold capacitor in 
the internal track-and-hold 
amplifier. Figure 10 is a typical plot 
of accuracy versus clock frequency for the ADC. 
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TRACKlHOLD 
AMPLIFIER 
The charge balanced comparator used in the AD7880 for the 
AID conversion provides the user with an inherent tracklhold 
function. The tracklhold amplifier acquires an input signal to 
12-bit accuracy in less than 3 I'-s. The overall throughput 
time is 
equal to the conversion time plus the tracklhold amplifier acqui- 
sition time. For a 2.5 MHz input clock, the throughput 
time is 
15 I'-s. 


The operation of the tracklhold amplifier is essentially transpar- 
ent to the user. The tracklhold amplifier goes from its tracking 
mode to its hold mode at the start of conversion, i.e., on the 
rising edge of CONVST as shown in Figure 1. 


OFFSET 
AND FULL-SCALE 
ADJUSTMENT 
In most Digital Signal Processing (DSP) applications, offset and 
full-scale errors have lirtle or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale error effect is linear and does not cause 
problems as long as the input signal is within the full dynamic 
range of the ADC. Some applications will require that the input 
signal range match the maximum possible dynamic range of the 
ADC. In such applications, 
offset and full-scale error will have 
to be adjusted to zero. 


The following sections describe suggested offset and full-scale 
adjustment 
techniques which rely on adjusting the inherent off- 
set of the op amp driving the input to the ADC as well as 
tweaking an additional external potentiometer 
as shown in 
Figure 11. 


R1 
10kfl 
V, 


R2 
soon 
V'NA 


R3 
AD7880' 
10 kn 
RS 
10 kn 


AGND 


Unipolar 
Adjustments 
In the case of the 0 to 5 V unipolar input configuration, 
unipo- 
lar offset error must be adjusted before full-scale error. Adjust- 
ment is achieved by trimming the offset of the op amp driving 
the analog input of the AD7880. This is done by applying an 
input voltage of 0.61 mV (1/2 LSB) to VI in Figure 11 and ad- 
justing the op amp offset voltage until the ADC output code 
flickers between 0000 0000 0000 and 0000 0000 000I. For full- 
scale adjustment, 
an input voltage of 4.9982 V (FS-3/2 
LSBs) 


is applied to V 1 and R2 is adjusted until the output code flickers 
between 1111 1111 1110 and 111 1111 1111. 


The same procedure is required for the 0 to 10 V input configu- 
ration of Figure 6. An input voltage of 1.22 mV (1/2 LSB) is 
applied to VI in Figure II and the op amp's offset voltage is 
adjusted until the ADC output code flickers betweenססoo 0000 
0000 and 0000ססoo 0001. For full-scale adjustment, 
an input 
voltage of 9.9963 V (FS-3/2 
LSBs) is applied to VI and R2 is 
adjusted until the output code flickers between 1111 1111 1110 
and 111 1111 1111. 


Bipolar Adjustments 
Bipolar zero and full-scale errors for the bipolar input configura- 
tion of Figure 7 are adjusted in a similar fashion to the unipolar 
case. Again, bipolar zero error must be adjusted before full-scale 
error. Bipolar zero error adjustment is achieved by trimming the 
offset of the op amp driving the analog input of the AD7880 
while the input voltage is 1/2 LSB below ground. This is done 
by applying an input voltage of -1.22 
mV (1/2 LSB) to VI in 
Figure II and adjusting the op amp offset voltage until the 
ADC output code flickers between 0111 IIII 
1111 and 1000 
00000000. 
For full-scale adjustment, 
an input voltage of 4.9982 
V(FS/2-3/2 
LSBs) is applied to VI and R2 is adjusted until the 
output code flickers between 1111 1111 1110 and IIII 
1111 
1111. 


• 


DYNAMIC 
SPECIFICATIONS 
The AD7880 is specified and tested for dynamic performance 
specifications as well as traditional de specifications such as inte- 
gral and differential nonlinearity. 
The ac specifications are 
required for signal processing applications such as speech recog- 
nition, spectrum analysis and high speed modems. These appli- 
cations require information on the ADC's effect on the spectral 
content of the input signal. Hence, the parameters for which the 
AD7880 is specified include SNR, harmonic distortion, 
inter- 
modulation distortion and peak harmonics. These terms are dis- 
cussed in more detail in the following sections. 


Signal-to-Noise 
Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental 
signals up to 
half the sampling frequency (FS/2) excluding de. SNR is depen- 
dent upon the number of quantization 
levels used in the digiti- 
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave input 
is given by: 


SNR 
= (6.02 N + 1.76) dB 


where N is the number of bits. 


Thus for an ideal 12-bit converter, SNR = 74 dB. 


The output spectrum from the ADC is evaluated by applying a 
sine wave signal of very low distortion to the VIN input which is 
sampled at a 66 kHz sampling rate. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be ob- 
tained. Figure 12 shows a typical 2048 point FFT plot of the 
AD7880 with an input signal of 2.5 kHz and a sampling fre- 
quency of 61 kHz. The SNR obtained from this graph is 73 dB. 
It should be noted that the harmonics are taken into account 
when calculating the SNR. 


INPUT 
FREQUENCY 
•• 2.5'tb: 
SAMPLE 
FREQUENCY,., 
11kHz 
SNR 
'" 
73.1dB 
T. _ +2S"'C 


Effective Number 
of Bits 
The formula given in Equation I relates the SNR to the number 
of bits. Rewriting the formula, as in Equation 2, it is possible to 
get a measure of performance expressed in effective number of 
bits (N). 


SNR 
- 
1.76 
N 
= 
6.02 


The effective number of bits for a device can be calculated di- 
reedy from its measured SNR. 


Figure 13 shows a plot of effective number of bits versus input 
frequency for an AD7880 with a sampling frequency of 61 kHz. 
The effective number of bits typically remains better than 11.5 
for frequencies up to 12 kHz. 
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Total Harmonic 
Distortion 
(THD) 
THO is the ratio of the rms sum of harmonics to the rms value 
of the fundamental. 
For the A07880, 
THO is defmed as: 
Vvl + vl + vi + VS2 + V62 
THD 
= 20 log ----------- 
(3) 


VI 


where VI is the rms amplitude of the fundamental and V2, V3, 
V., V5 and V6 are the rms amplitudes of the second through the 
sixth harmonic. The THO is also derived from the FFT plot of 
the ADC output spectrum. 


Intermodulation 
Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa :!: nib where 
m, n = 0,1,2,3, 
etc. Intermodulation 
terms are those for which 
neither m nor n are equal to zero. For example, the second or- 
der terms include (fa + fb) and (fa - fb), while the third order 
terms include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). 


top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves, 
while the third order terms are usually at a frequency close to 
the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu- 
lation distortion is as per the THO specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of the fundamental expressed in dBs. In this 
case, the input consists of two, equal amplitude, 
low distortion, 
sine waves. Figure 14 shows a typical IMO plot for the 
A07880. 


INPUT 
FREQUENaES 
F1 .O.1OkHz 
F2-,.OIIlHr 


SAMPLE 
FRalU£NCY 
'" "ktt1: 
T ••• 
+2S"C 
IMD 
ALl TERMS 
•• to..37d8 
2ND 
ORDER 
TERMS 
'" 13A7d8 
SRO ORD£A TERMS •• t3.2IctB 


Peak Harmonic 
or Spurious 
Noise 
Peak harmonic or spurious noise is defmed as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to FS/2 and excluding dc) to the rms value of the 
fundamental. 
Normally, the value of this specification will be 
determined 
by the largest harmonic in the spectrum, 
but for 
parts where the harmonics are buried in the noise floor the peak 
will be a noise peak. 


MICROPROCESSOR INTERFACING 
The AD7880 high speed bus timing allows direct interfacing to 
real time digital signal processors, DSPs, as well as modern high 
speed, 16-bit microprocessors. 
Suitable microprocessor interfaces 


are shown in Figures IS through 20. 


AD788o-ADSp·2IOO 
Interface 
Figure IS shows an interface between the AD7880 and the 
ADSP-2100. Conversion is initiated using a timer to drive the 
CONVST input asynchronously 
to the microprocessor. 
This 
allows very accurate control of the sampling instant. When 
conversion is complete, the AD7880 BUSY line goes high. An 
inverter on this BUSY output drives the IRQ line low thus pro- 
viding an interrupt 
to the ADSP-2100 when conversion is com- 
pleted. The conversion result is then read from the AD7880 into 
the ADSP-2100 with the following instruction: 


MRO = DM(ADC) 


where MRO is the ADSP-2100 MRO Register and 
ADC is the AD7880 address. 


ADSP·2100 
(ADSP·21011 
ADSP·21 
02) 


Figure 15. AD788o-ADSP-2100 
(ADSP-2101/ADSP-2102J 
Interface 


AD788o-ADSp·2101/ADSP·2102 
Interface 
The interface outlined in Figure IS also forms the basis for an 
interface between the AD7880 and the ADSP-210IlADSP-2102. 
The READ line of the ADSP-210IlADSP-2102 
is labeled RD. 
In this interface, the RD pulse width of the processor can be 
programmed 
using the Data Memory Wait State Control Regis- 
ter. The instruction 
used to read a conversion result is as out- 
lined for the ADSP-2100. 


AD7880·TMS32010 
Interface 
An interface between the AD7880 and the TMS32010 is shown 
in Figure 16. Once again the conversion is initiated using an 
external timer and the TMS32010 is interrupted 
when conver- 
sion is completed. The following instruction is used to read the 
conversion result from the AD7880: 


IN D,ADC 


where D is Data Memory Address and 
ADC is the AD7880 address. 


AD7880 
I 
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Figure 16. AD788o-TMS3201O 
Interface 


AD788o- TMS320C25 
Interface 
Figure 17 shows an interface between the AD7880 and the 
TMS320C25. As with the two previous interfaces, conversion is 
initiated with a timer, and the processor is interrupted 
when the 


conversion sequence is completed. The TMS320C25 does not 
have a separate RD output to drive the AD7880 RD input di- 
rectly. This has to be generated from the processor STRB and 
RIW outputs with the addition of some logic gates. The RD sig- 
nal is OR-gated with the MSC signal to provide the one WAIT 
state required in the read cycle for correct interface timing. Con- 
version results are read from the AD7880 using the following 
instruction: 


where D is Data Memory Address and 
ADC is the AD7880 address. 


Some applications may require that the conversion be initiated 
by the microprocessor rather than an external timer. One option 
is to decode the AD7880 CONVST from the address bus so that 


a write operation starts a conversion. Data is read at the end of 
the conversion sequence as before. Figure 19 shows an example 
of initiating conversion using this method. A similar implemen- 
tation can be used for DSPs. Note that for all interfaces, a read 
operation should not be attempted during conversion. 


AD788o-MC68000 
Interface 
An interface between the AD7880 and the MC68000 is shown in 
Figure 18. As before, conversion is initiated using an external 
timer. The AD7880 BUSY line can be used to interrupt 
the pro- 


cessor or, alternatively, 
software delays can ensure that conver- 
sion has been completed before a read to the AD7880 is at- 
tempted. 
Because of the nature of its interrupts, 
the 68000 
requires additional logic (not shown in Figure 18) to allow it to 
be interrupted 
correctly. For further information on 68000 inter- 


rupts, consult the 68000 users manual. 


The MC68000 AS and RJW outputs are used to generate a sepa- 
rate RD input signal for the AD7880. CS is used to drive the 
68000 DT ACK input to allow the processor to execute a normal 
read operation to the AD7880. The conversion results are read 
using the following 68000 instruction: 


MOVE. W ADC, DO 


where DO is the 68000 DO register and 
ADC is the AD7880 address 


AD7880-8086 Interface 
Figure 19 shows an interface between the AD7880 and the 8086 
microprocessor. 
Unlike the previous interface examples, the mi- 
croprocessor initiates conversion. This is achieved by gating the 
8086 WR signal with a decoded address output (different to the 
AD7880 CS address). Conversion is initiated and the result is 
read from the AD7880 using the following instruction: 


MOVAX, 
ADC 


where AX is the 8086 accumulator and 
ADC is the AD7880 address 


AD7880-6809 Interface 
The AD7880 can also interface quite easily with 8-bit micropro- 
cessors. The 12-bit parallel data output from the AD7880 can be 
read into the microprocessor as an 8+4 byte structure. 
Figure 
20 shows an interface to the MC6809 8-bit microprocessor. 
As 
in previous cases, conversion is initiated using an external timer. 
At the end of conversion, BUSY triggers a one-shot which 
drives the IRQ interrupt 
input of the microprocessor. 
A double 
read is then performed to two unique addresses. The first read 
fetches the lower 8 bits (DBO - DB7) and loads the 74HC374 
latch with the upper 4 bits (DB8 - DBll). 
The second read 
fetches these upper 4 bits. 
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layout 
IS as Important 
as the 
circuit design itself in achieving high speed AiD performance. 
The AD7880's comparator is required to make bit decisions on 
an LSB size of 1.22 mY. To achieve this, the designer must be 
conscious of noise both in the ADC itself and in the preceding 
analog circuitry. Switching mode power supplies are not recom- 
mended, as the switching spikes will feed through to the com- 
parator causing noisy code transitions. 
Other causes of concern 
are ground loops and digital feedthrough from microprocessors. 
These are factors which influence any ADC, and a proper PCB 
layout which minimizes these effects is essential for best perfor- 
mance. 


LAYOUT HINTS 
Ensure that the layout for the printed circuit board has the digi- 
tal and analog signal lines separated as much as possible. Take 
care not to run digital tracks alongside analog signal tracks. 
Guard (screen) the analog input with AGND. 


Establish a single point analog ground (star ground) separate 
from the logic system ground at the AD7880 AGND pin or as 
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connect any other digital grounds to this analog ground point. 


Low impedance analog and digital power supply common re- 
turns are essential to low noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. The circuit layout of Figures 
26 and 27 have both analog and digital ground planes which are 
kept separated and only joined together at the AD7880 AGND 
• 
pin. 


NOISE 
Keep the input signal leads to VIN and signal return leads from 
AGND as short as possible to minimize input noise coupling. In 
applications where this is not possible, use a shielded cable be- 
tween the source and the ADC. Reduce the ground circuit im- 
pedance as much as possible since any potential difference in 
grounds between the signal source and the ADC appears as an 
error voltage in series with the input signal. 


ANALOG INPUT BUFFERING 
To achieve specified performance, 
it is recommended 
that the 


analog input (V1NA,VINal be driven from a low impedance 
source. This necessitates the use of an input buffer amplifier. 
The choice of op amp will be a function of the particular appli- 
cation and the desired analog input range. The data acquisition 
circuit, described in this data sheet allows for various op amp 
configurations. 
Figure 21 shows the analog input buffer circuit. 
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Figure 21. Analog 
Input 
Buffering 


The options available to drive the supply of the op amp are: 


Single +5 V (derived from PCB 5 V supply) 


Dual Supply (externally supplied to V+ and V- ) 


±5V,±12Vor±15V 


The simplest configuration is the 0 to 5 V range of Figure 5. A 
single supply 5 V op amp is recommended 
for such an imple- 
mentation. This will allow for operation of the AD7880 in the 0 
to 5 V unipolar range without supplying an external supply to 
V+ and V-. 
The 5 V supply is derived from the systems + 5 V 
Voo supply. 


When it is required to drive the AD7880 with the 0 to 10 V in- 
put range, an external supply must be connected to V+ (see 
Figure 21). 


In bipolar operation, positive and negative supplies must be con- 
nected to V+ and V-. 


The AD711 is a general purpose op amp which could be used to 
drive the analog input of the AD7880. 


POWER-DOWN CONTROL (MODE INPUT) 
The AD7880 is designed for systems which need to have mini- 
mum power consumption. 
This includes such applications as 


hand held, portable battery powered systems and remote moni- 
toring systems. As well as consuming minimum power under 
normal operating conditions, typically 20 mW, the AD7880 can 
be put into a power-down or sleep mode when not required to 
convert signals. When in this power-down mode, the AD7880 
consumes approximately 2 mW of power. 


The AD7880 is powered down by bringing the MODE input 
pin to a Logic Low in conjunction with keeping the RD input 
control High. The AD7880 will remain in the power-down 
mode until MODE is brought to a Logic High again. The 
MODE input should be driven with CD4000 or HCMOS logic 
levels. 


It is recommended 
that one "dummy" 
conversion be imple- 
mented before reading conversion data from the AD7880 after it 
has been in the power-down mode. This is required to reset all 
internal logic and control circuitry. In a remote monitoring sys- 
tem where, say, 10 conversions are required to be taken with a 
sampling interval of I second, an additional II th conversion 
must be carried out. Figure 22 gives a plot of power consump- 


t 
20 


POWER 
CONSUMPTION 
- mW 


Figure 22. Power 
Consumption 
for Normal 
Operation 
and 
Power-Down 
Operation 
vs. Time 


tion as a function of time for such operation. The total conver- 
sion time for each cycle is 11 x IS •.•.s (where IS •.•.s is the time 
taken for a single conversion) corresponding to 1.65 x 10-4 secs. 
Hence: 


= PowerCONVERTING+ PowerPQWER_OOWN 


= {20 mW x (1.65 x 
1O-4)/(10)} 


+ {2 mW x (9.9998)/(10)} 


= 2.029 mW 


AD7880 DATA ACQUISITION 
LAYOUT 
Figure 24 shows the AD7880 in a data acquisition circuit. The 
corresponding printed circuit board (PCB) layout and silk- 
screen are shown in Figures 25 to 27. 


The only additional component required for a full data acquisi- 
tion system is an antialiasing filter. There is a component grid 
provided near the analog input on the PCB which may be used 
for such a fIlter or any other input conditioning circuitry. To 
facilitate this option there is a shorting link (labeled LKI on the 
PCB) on the analog input track. With LKI in place, the analog 
input connects to the buffer amplifier driving the AD7880. With 
LKI removed, a wire link is needed to connect the analog input 
to the PCB component grid. 


INTERFACE CONNECTIONS 
The data acquisition board contains a parallel connection port 
labeled SKT4. This is a 26-contact IDe Connector and provides 
for direct microprocessor connection to the board. This connec- 
tor, the pinout of which is shown in Figure 23, contains all 
data, control and status signals of the AD7880 (with the excep- 
tion of the CONVST and the CLKIN 
inputs both of which are 
provided via SKT2 and SKT3 respectively). It also contains de- 
coded RJW and STRB inputs which are necessary for interfacing 
to many microprocessors 
including the TMS32OC25 and the 
Motorola 68000 series. Link LK7 selects RD directly or alterna- 
tively, the decoded version. Note that the AD7880 CS input 
must be decoded prior to the AD7880 evaluation board. 


SKTI, 
SKT2 and SKT3 are three sub-miniature 
connectors 


(SMC) which provide input connections for the analog input, 
the CONVST input and the CLKIN 
input. Three different in- 
put ranges can be accepted by the AD7880 each of which is con- 
figured by selecting shorting plug options A, B or C of LK4. 
Position A corresponds to the 0 to 5 V unipolar configuration of 
Figure 5, position B corresponds to the bipolar ±5 V configura- 
tion of Figure 7 and position C allows for a 0 to + 10 V unipolar 
range as shown in Figure 6. 


POWER SUPPLY CONNECTIONS 
The PCB requires a single + 5 V power supply (labeled V00)' 
Good decoupling allows this supply to drive the AD7880 V00 
which also drives the VREF input as well as the op amp power 
supply. In circumstances where bipolar ± 5 V or a unipolar 0 to 
10 V input ranges are required, 
provision has been allowed for 
the connection of separate op amp power supplies (± IS V, 
±12 V, ±5 V, etc.) to V+ and V-. 
LK2 and LK3 shorting 
links allow for the selection of user defined op amp power sup- 
plies or the on-board single + 5 V supply. 


LINK OPTIONS 
There are seven link options which must be set before using the 
board. These are outlined below: 


LKI 
Connects the analog input to a buffer amplifier. 
The analog input may also be connected to a 
component grid for signal conditioning. 


LK2, LK3 
Allows for various op amp power supplies to be 
used to drive the input buffer of the AD7880. 
External supplies may be connected to V+ and 
V-. 
Alternatively, the AD7880's +5 V system 
supply and AGND can be selected to drive a 
single supply op amp. 


LK4 
Configures the various analog input ranges, 0 to 
5 V, 0 to 10 V or ±5 V. 


LK5 
Selects reference input to VREF of AD7880. Nor- 
mally connected to V00' An external reference 
could also be wired in. 


LK6 
Selects power-down or sleep mode. The shorting 
plug is connected to V00 for normal operation. 


LK7 
Connects the AD7880 RD input directly to the 
RD input of SKT4 or to a decoded STRB and 
RJW input. This shorting plug setting depends 
on the microprocessor, 
e.g., the TMS32OC25 
requires a decoded RD signal. 


RiW 00 
STRB 


iiii 00 HIe 


Cs 00 
NIC 


BUSY 00 BUSY 


NIC 0@ NIC 


0810 @@ 0811 


OBI @@ DB9 


DB6 @@ DB7 


DB< @@ DB. 


DB' @@ DB3 


DBO @@ DB' 
••• @@ ••• 


GND @@ GND 


COMPONENT 
LIST 


ICI 


IC2 


IC3 


CI, C3, C5 


C2, C4, C6, C7 


Rl, R2 


LKI, 
LK2, LK3 
LK4, LK5, LK6 
LK7 


SKTl, 
SKT2, SKT3 


OpAmp* 


AD7880 Analog-to-Digital 
Converter 


74HCOOQuad NAND Gate 


10 •.•.F Capacitors 


0.1 •.•.F Capacitors 


10 kfl Pull-up Resistors 


Shorting Links 


Sub-Miniature 
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IlIIIIIIII ANALOG 
WDEVICES 


I 


LC2MOS 
16-Bit, High Speed Sampling ADCs 


AD7884/AD7885 
I 


FEATURES 
Monolithic 
Construction 
Fast Conversion: 
5.3 ,,"S 
High Throughput: 
166 kSPS 
Low Power: 250 mW 


APPUCATIONS 
Automatic 
Test Equipment 
Medical Instrumentation 
Industrial 
Control 
Data Acquisition 
Systems 
Robotics 
• 


GENERAL 
DESCRIPTION 
The AD7884/AD7885 is a 16-bit monolithic anaIog-to-digitai 
converter with internal sample-and-hold 
and a conversion time 
of 5.3 .,.sec. The maximum throughput 
rate is 166 kSPS. 
u 
a two pass flash architecture 
to achieve this speed. T 
ranges are available: ±5 V and ±3 V. Conversi 
ini . t 
the CONVST signal. The result can be read 
t 
proces 
sor using the CS and RD inputs on th 
e 
'A:D7884'ha 
a 16-bit paral1el reading structure 
e 
7885 h 
e 
reading structure. 
The conversion 
Wt 1 in 2 
code. 


The AD78841AD7885 has its own internal 0 
to which c 
trois conversion. It runs from ±5 V supplies and needs a VREP 
of +3 V. 


The AD7884 is available in 4O-pin piastic and cerdip packages 
and in a 44-pin PLCC package. 


The AD7885 is available in 28-pin piastic and cerdip packages 
and in a 28-pin PLCC package. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


Input 
Current 


REFERENCE 
INPUT 
Reference 
Input 
Current 


LOGIC 
INPUTS 
Input 
High 
Voltage, 
VtNH 
Input 
Low Voltage, 
VtNL 
Input 
Current, 
ItN 
Input 
Capacitance, 
CtN' 


LOGIC 
OUTPUTS 
Output 
High 
Voltage, 
VOH 
Output 
Low Voltage, 
VOL 
DB I5-DBO 
Floating-State 
Leakage 
Current 
10 
Floating-State 
Output 
Capacitance' 
15 


POWER 
REQUIREMENTS 
Voo 
Vss 
100 
Iss 
Power 
Supply 
Rejection 
Ratio 
~GainI~Voo 
~GainI~Vss 
Power 
Dissipation 


NOTES 
'Temperature 
Ranges are as follows: A, B Ve"ions: 
-40°C to +85OC; T Ve"ion: 
-55OC to +125°C. 


'V1N = :t5 V. 
3Sample tested to ensure compliance. 
Specifications subject to change without notice. 


DC ACCURACY 
Resolution 
Minimum 
Resolution 
for Which 
No Missing 
Codes Are Guaranteed 
Integral 
Nonlinearity 
Differential 
Nonlinearity 
Positive 
Gain Error 
Gain TC' 
Bipolar 
Zero Error 
Bipolar 
Zero TC' 
Negative 
Gain Error 
Offset TC' 
Noise 


DYNANUCPERFORMANCE 
Signal to (Noise + Distortion) 
Ratio 


Peak Harmonic 
or Spurious 
Noise 
Intermodulation 
Distortion 
(IMD) 


2nd Order 
Terms 
3rd Order 
Terms 


CONVERSION 
TIME 
Conversion 
Time 
Acquisition 
Time 
Throughput 
Rate 


ANALOG 
INPUT 
Voltage Range 


16 
±0.003 
±0.0015 
±0.01 
±2 
±0.01 
±2 
±0.01 
±2 
120 


Bits 
% FSRmax 
% FSRmax 
% FSRmax 
ppm FSRf'C 
typ 


% FSRmax 
ppm FSRf'C 
typ 
% FSRmax 
ppm FSRrC 
typ 
•.•.V rms typ 


dB min 
dB min 
dB min 
dB max 
dB max 
dB max 


Vmin 
Vmax 
•.•.Amax 
pFmax 


V nom 
V nom 
mAmax 
mAmax 


dBtyp 
dBtyp 
mWmax 


Input 
Signal: 
±5 V, I kHz 
Sine Wave 
Input 
Signal: 
±5 mY, 
I kHz 
Sine Wave 
Input 
Signal::±! 
V, 25 kHz 
Sine Wave 
Inpu 
Sjpl: ± 
V, I kHz 
Sine Wave 
Input' 
": 
±5 V, 25 kHz 
Sine Wave 
Input~: 
±5 V, 25 kHz 
Sine Wave 


Voo 
= 5 V± 
5% 
Voo 
= 5 V± 
5% 
Input 
Level = 0 V to V DO 


ISOURCE = 40 •.•.A 
ISINK 
= 1.6 mA 


± 5% for Specified 
Performance 
±5% for Specified 
Performance 
Typically 
25 mA 
Typically 
25 mA 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless 
otherwise 
agreed 
to in writing. 


TIMING CHARACTERISTICS1, 
2 ~D.i5~ +5 V ± 5%, Vss = -5 
V ± 5%, AGND = DGND = GND = 0 V. See Figures 2, 3, 4 


Limit at +25°C 
Limit at T M1N' T MAX 
Limit at T M1N' T MAX 
Parameter 
(All Versions) 
(A, B Versions) 
(T Version) 
Units 
Conditions/Comments 


t, 
50 
50 
50 
ns min 
CONVST Pulse Width 
t2 
100 
100 
100 
ns min 
CONVST to BUSY Low Delay 
t3 
0 
0 
0 
ns min 
CS to RD Setup Time 


t. 
60 
60 
75 
ns min 
RD Pulse Width 
• 


ts 
0 
0 
0 
ns min 
CS to RD Hold Time 
r.,2 
57 
57 
70 
ns max 
Data Access Time after RD 
t7 
3 
5 
5 
5 
ns min 
Bus Relinquish Time after RD 
50 
50 
50 
ns max 
t. 
40 
40 
40 
ns min 
New Data Valid before Rising Edge of BUSY 
~ 
0 
0 
0 
ns min 
BEN to RD Setup Time 
t10 
0 
0 
0 
EN to RD Hold Time 
tll 
60 
60 
75 
EN Low Pulse Duration 


t'2 
60 
60 
75 
EN High Pulse Duration 
t13 
40 
40 
40 
Propagation Delay from HBEN Falling to 
Data Valid 
t,. 
40 
40 
gation Delay from HBEN Rising to 
Data Valid 


NOTES 
'Timing specifications in bold print are 100% 
with tr = If = 5 ns (10% to 90% of 5 
'to is messured with the load circuit of 
't, is derived from the messured time tak 
olated back to remove the effects of char 
or di 
bus relinquish time of the part and as sueb is inde 
Specifications subject to change without notice. 


Temperature 
Linearity 
SNR 
Package 
Model 
Range 
Error (% FSR) 
(dB) 
Option* 


AD7884AN 
-40°C to +85°C 
88 
N-40 
AD7884BN 
-40°C to +85°C 
±0.003 
88 
N-40 
AD7884AP 
-40°C to +85°C 
88 
P-44 
AD7884BP 
-40°C to +85°C 
±0.003 
88 
P-44 
AD7884TQ 
-55°C to + 125°C ±0.003 
88 
Q-40 


AD7885AN 
-40°C to +85°C 
88 
N-28 
AD7885BN 
-40°C to +85°C 
±0.003 
88 
N-28 
AD7885AP 
-40°C to +85°C 
88 
P-28 
AD7885BP 
-40°C to +85°C 
±0.003 
88 
P-28 
AD7885TQ 
- 55°C to + 125°C ±0.003 
88 
Q-28 


Figure 1. Load Circuit for Access Time and Bus Relinquish 
Time 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 
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BUSY~ 


t~m~ 
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Figure 3. AD7884 Timing Diagram, with CS and RD 
Permanently 
Low 


Figure 5. AD7885 Timing Diagram, with CS and RD 
Permanently 
Low 


This information 
applies to a product under development. Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


ABSOLUTE 
MAXIMUM 
RATINGS' 
VDD to AGND 
-0.3 
V to +7 V 
Vss to AGND 
+0.3 V to -7 V 
AGND Pins to DGND 
-0.3 
V to VDD 
+0.3 V 
GND to DGND 
-0.3 
V to VDD +0.3 V 
VlNS, V1NF to AGND 
Vss -0.3 
V to VDD 
+0.3 V 
VREF+ to AGND 
Vss -0.3 
V to VDD +0.3 V 
VREF- 
to AGND 
Vss -0.3 
V to VDD +0.3 V 
VINVto AGND 
Vss -0.3 
V to VDD +0.3 V 
Digital Inputs to DGND 
-0.3 
V to VDD 
+0.3 V 
Digital Outputs to DGND 
-0.3 
V to VDD +0.3 V 


Operating Temperature 
Range 
Commercial Plastic (A, B Versions) 
.. 
-40°C to +8SoC 
Industrial Cerdip (A, B Versions) 
-40°C to +8SoC 
Extended Cerdip (T Versions) 
-55°C to + 125°C 
Storage Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 
10 secs) 
+ 300°C 
Power Dissipation (Any Package) to +7SoC 
1000 mW 
Derates above +7SoC by 
10 mW/oC 


*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
2 


operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy el ctro- 
static fields. Unused devices must be stored in conductive foam or shunts. The prote 
'v 
foam 
should be discharged to the destination socket before devices are removed. 
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NC=NO CONNECT 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


AGNDS 
AGNDF 
AVoo 
AVss 
GND 


Vss 
Voo 
CONVST 


CS 
RD 


DGND 


VREF+F 
VREF+S 


AGNDS 
AGNDF 
AVoo 
AVss 
GND 


Vss 
Voo 
CONVST 


CS 
RD 


DBO-DB7 


DGND 


VREF+F 
VREF+S 


Description 


This pin is connected to the inverting terminal of an Op amp, as in Figure 6 and allows the inversion 
of the supplied +3 V reference. 
This is the negative reference input and it can be obtained by using an external amplifier to inven the 
positive reference input. In this case, the amplifier output is connected to VREF-. See Figure 6. 
This is the analog input sense pin for the ±3 volt analog input range on the AD7884. 
This is the analog input force pin for the ±3 volt analog input range on the AD7884. When using this 
input range, the ±5 V1NF and ±5 V1NSpins should be tied to AGND. 
This is the analog input pin for the ±3 volt analog input range on the AD7885. When using this input 
range, the ±5 V1NF and ±5 V1NSpins should be tied to AGND. 
This is the analog input sense pin for the ± 5 volt analog input range on both the AD7884 and the 
AD7885. 
This is the analog input force pin for the ± 5 volt analog input range on both the AD7884 and 
AD7885. When using this input range, the ±3 V1NF and ±3 VINS pins should be tied to AGND. 
This is the ground return sense pin for the 9-bit ADC and the on~hip 
residue amplifier. 
This is the ground return force pin for the 9-bit ADC and the 
.iclhipresidue amplifier. 
Positive analog power rail for the sample-and-hold 
pli te 
d 
residue amplifier. 


Negative analog power rail for the sample- 
d-hC d 
and the residue amplifier. 


This is the ground return for sample-and. 
Negative supply for the 9-bit 
Positive supply for the 
_.' tAn 
tlevice 
This asynchronous 
ntrol inpu 14Itartsco 
er 
Chip Selec 
Qntr 
input 
Read con 
t. This is u 
read the conversion result from the device 
output late 
High Byte Enable. 
tiv!ti.BJi contr 1 inp 
of the conversion for r 
ding. 


Busy output. The Busy output goes I 
which time it goes high. 
16-bit parallel data word output on the AD7884. 
8-bit parallel data byte output on the AD7885. 
Ground return for all device logic. 


Reference force input. 
Reference sense input. The device operates from a +3 V reference. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


TERMINOLOGY 
Integral Nonlinearity 
This is the maximum deviation from a straight line passing 
through the endpoints of the ADC transfer function. 


Differential 
Nonlinearity 
This is the difference between the measured and the ideal 
1 LSB change between any two adjacent codes in the ADC. 


Bipolar Zero Error 
This is the deviation of the midscale transition (all Osto all Is) 
from the ideal (AGND). 


Positive Gain Error 
This is the deviation of the last code transition (01 ... 
110 to 
01 ... 
111) from the ideal (+VREF+ S - 
1 LSB). 


Negative Gain Error 
This is the deviation of the first code transition (10 ... 
000 to 
10 ... 
001) from the ideal (-VREF+S 
+ 1 LSB) 


Signal to (Noise + Distortion) 
Ratio 
This is the measured ratio of signal to (noise + distortion) at the 
output of the NO converter. The signal is the rms amplitude of 
the fundamental. 
Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (fsI2), excluding 
The ratio is dependent upon the number of quantization 
I 
e 
in the digitization process; the more levels, the ~sm er the 
quantization 
noise. The theoretical signal<tO(noise + distortion) 


ratio for an ideal N-bit converter with a ine 
aveinput 
i given 
by: 


Signal 
tiJ (Nmse + Distortilm) 
'" (6.02N 
+ 1.76) 4B 


Thus for a 16-bit converter, this is 98 dB. 


Total Harmonic 
Distortion 
Total harmonic distortion (THD) is the ratio of the rms sum of 
harmonics to the fundamental. 
For the AD7884/AD7885, 
it is 
defmed as: 


VV2 
V2 
V2 + V2 + V2 
THD (dB) = 20 log 
2 + 
3 + 
4 
5 
6 
VI 


where Viis 
the rms amplitude of the fundamental and V2' V3' 


V4' V5 and V6 are the rms amplitudes of the second through the 
sixth harmonics. 


Peak Harmonic 
or Spurious Noise 
Peak harmonic or spurious noise is defmed as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fsl2 and excluding de) to the rms value of the 
fundamental. 
Normally, the value of this specification is deter- 
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise floor, it will be a 
noise peak. 


Intermodulation 
Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa ± nth where 
m, n = 0, 1, 2, 3, etc. Intermodulation 
terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + fb) and (fa - fb), while the third 
order terms include (2fa + fb), (2fa - fb), (fa + 2fb) and 
(fa - 2fb). 


The AD7884/AD7885 
is tested using the CCIFF standard where 
two input frequencies near the top end of the input bandwidth 
are used. In this case, the second and third order terms are of 
different significance. The second order terms are usually dis- 
tanced in frequency from the original sine waves while the third 
order terms are usually at a frequency close to the input fre- 
quencies. As a result, the second and third order terms are 
specified separately. The calculation of the intermodulation 
dis- 


tortion is as per the THD specification where it is the ratio of 
the rms sum of the individual distortion products to the rms 
amplitude of the fundamental expressed in dBs. 


Power Supply Rejection 
Ratio 
This is the ratio, in dBs, of the change in positive gain error to 
the change in Voo or Vss' It is a de measurement. • 


OPERATIONAL 
DIAGRAM 
An operational dl8gram for the AD7884/AD7885 
is shown in 
Figure 6. It is set up for an analog input range of ± 5 V. If a 
±3 V Input range is required, 
Al should drive ±3 V1NSand 
+3 V1N 
'th ±5 V1NS, ±5 VINF being tied to system AGND. 


AVOD 
voo 
AVss 
Vss 


±5VINS 


±5VINF 


±3V1NS 


±3V 
IN F 
AD7884 
AD7885 


VREF- 


GNO 
OGND 


The chosen input buffer amplifier (AI) should have low noise 
and distortion and fast settling time for high bandwidth applica- 
tions. Both the AD711 and the AD845 are suitable amplifiers. 


A2 is the force, sense amplifier for AGND. The AGNDS pin 
should be at zero potential. Therefore, 
the amplifier must have a 


very low input offset voltage and good noise performance. 
For 
these reasons, either the AD OP-07 or OP-I77 is recommended. 
The output of A2 is decoupled with a 47 I1F solid tantalum ca- 
pacitor to AGND to deal with the fast current transients on the 
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U the user wIshes to rmprove the phase margm, the circuit given 
in Figure 7 may be used. A feedback capacitor (RF) of 47 •.•.F 
should be used. This circuit compensates for the load capacitor 
by adding a low frequency zero and ensures an adequate phase 
margin. 


Figure 7. Compensation Circuit for A2 


The required +3 V reference is derived from the AD586. The 
+5 V output is divided down to +3 V by R2 and R3 before be- 
ing buffered by A3. A4 is a unity gain inverter which provides 
the - 3 V negative reference. The gain setting resistors are on- 
chip and are factory trimmed to ensure precise tracking of 
VREF+. Figure 6 shows A3 and A4 as either AD OP-07s or 
OP-I77s. 
If these amplifiers are used, then the outputs should 
be decoupled to AGND with 22 •.•.F solid tantalum capac' tors as 
shown. This is to deal with the rapidly changing re£ 
inp 
impedance of the AD7884/AD7885. 
These cane 


sated with the circuit of Figure 7 to givf . 
v 
gin. A feedback capacitor (CF) of 22 •.•. 
sed. 
alternative to this arrangement which yie 
the sam 
ire- 


formance is to use very wideband amplifiers (Am 
fo 
CX31Jl- 
pie) for A3 and A4. These have the ability to respon 
to the 
rapidly changing reference input impedance without any decou- 
piing to AGND. Thus, there is a saving in decoupling capacitors 
and compensation circuitry. The disadvantage is that these high 
speed amplifiers do not have as good dc offset performance as 
the AD OP-07 or the OP-I77. This will result in increased 
system gain error. 


mputs are tied to 0 V, the input section has a gain of -0.6 
and 
transforms an input signal of ±5 volts to the required 
±3 volts. 
When the ±5 VlNS and ±5 VINF inputs are grounded, 
the in- 
put section has a gain of -I 
and so the analog input range is 
now ±3 volts. Resistors R4 and R5, at the amplifier output, 
further condition the ± 3 volts signal to be 0 to - 3 volts. This is 
the required input for the 9-bit AID converter section. 


With SWI closed, the output of Al follows the input (the 
sample-and-hold 
is in the track mode). On the rising edge of the 
CONVST pulse, SWI goes open circuit, and capacitor CI holds 
the voltage on the output of AI. The sample-and-hold 
is now in 
the hold mode. The aperture delay time for the sample-and-hold 
is nominally 50 ns. 


AID Converter 
Section 
The AD7884/AD7885 uses a two-pass flash technique in order 
to achieve the required speed and resolution. When the 
CONVST control input goes from low to high, the sample-and- 
hold amplifier goes in 
.hold mode and a 0 V to - 3 V signal 
is presented to 
In u Qfi the 9-bit ADC. The first phase of 
conversion 
era 
9 
SBs of the 16-bit result and trans- 
fers these~o 
tch and ALU combination. 
They are also fed 
bllCKto 
e 9 
SBs of 
e 16-bit DAC. The 7 LSBs of the 
D 
<s; are permanen 
I 
e 
with Os. The DAC output is sub- 
tf3Cted from 
() inpu 
with the result being amplified 
and of 
e 
idue Amplifier Section. The signal at the 


4) 
t 
s:-proportional to the error between the first phase 


liild 
e ac 
al analog input signal and is digitized in the 
no core 
Slon hase. This second phase begins when the 
16-bi DA 
and t1ie 
esidue Error Amplifier have both settled. 


First 
2 • 
ed off and SW3 is turned on. The 9-bit result 
I 'tranS11 ed to the output latch and ALU. An error correction 
gonthm now compensates for the offset inserted in the Resi- 
Que Amplifier Section and errors introduced in the first pass 
conversion and combines both results to give the 16-bit answer. 


CIRCUIT 
DESCRIPTION 
Analog Input Section 
The analog input section of the AD7884/ AD7885 is shown in 
Figure 8. It contains both the input signal conditioning and 


±3VSlGNAL 


FROM 
INPUT 


SHA 
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Timing and Control Section 
Figure 10 shows the timing and control sequence for the 
AD7884/AD7885. 
When the part receives a CONVST pulse, the 
conversion begins. The input sample-and-hold 
goes into the 
hold mode 50 ns after the rising edge of CONVST and BUSY 
goes low. This is the ftrst phase of conversion and takes 3.35 I-"S 
to complete. The second phase of conversion begins when SW2 
is turned off and SW3 turned on. The Residue AmplifIer and 
SHA section (A2 in Figure 9) goes into hold mode at this point 
and allows the input sample-and-hold 
to go back into sample 
mode. Thus, while the second phase of conversion is ongoing, 
the input sample-and-hold 
is also acquiring the input signal for 


the next conversion. This overlap between conversion and acqui- 
sition allows throughput 
rates of 166 kSPS to be achieved. 
• 


ce 
si erations 
84/AD7885 operates from a ±3 volt reference. This 
derived simply from any single +5 volt reference as 
shown' 
e 6. 


TIe criti 
"performance speciftcation for a reference in a 16-bit 
lical;ion is noise. The reference pk-pk noise should be insig- 
• leant in comparison to the ADC noise. The AD78841AD7885 
s a typical rms noise of 120 I-"V. For example a reasonable 
target would be to keep the total rms noise less than 125 I-"V. 
To do this the reference noise needs to be less than 35 I-"V rms. 
Using a crest factor of 3.3 this corresponds to a pk-pk noise of 
230 I-"V.Both the AD586 and the AD REF-D2 noise is lower 
than this, making both suitable. 


FIRST PHASE OF CONVERSION 
1Sf &oBITCONVERSION 
DAC SETTLING TIME 
RESIDUE AMPLIFIER 
SETTLING TIME 


USING 
THE AD78841AD7885 


Analog Input Ranges 
The AD7884/AD7885 
can be set up to have either a ±3 volts 
analog input range or a ± 5 volts analog input range. Figures 11 
and 12 show the necessary corrections for each of these. The 
output code is 2s complement and the ideal code table for both 
input ranges is shown in Table I. 


Analog Input 
Digital Output 


In Terms 
of FSR' 
:t3 V Range' 
±5 V Range4 
Code Transition' 


+FSRl2 - 
1 LSB 
2.999908 
4.999847 
011 ... 
111 to 011 ... 
110 
+FSRl2 - 2 LSBs 
2.999817 
4.999695 
011 ... 
110 to 011 ... 
101 
+FSRl2 - 3 LSBs 
2.999726 
4.999543 
011 ... 
101 to 011 ... 
100 


AGND + 1 LSB 
0.000092 
0.000153 
000 ... 
001 to 000 ... 
000 
AGND 
0.o00ooo 
0.o00ooo 
000 ... 
000 to 111 ... 
111 
AGND - 
1 LSB 
-0.סס OO92 
-0.000153 
111 ... 
III to 111 ... 
110 


-(FSRl2 
- 3 LSBs) 
-2.999726 
-4.999543 
100 ... 
011 to 100 ... 
010 
-(FSRl2 
- 2 LSBs) 
-2.999817 
-4.999695 
100 ... 
010 to 100 ... 
001 
-(FSRl2 
- 
1 LSB) 
-2.999908 
-4.999847 
100 ... 
001 to 100 ... 
000 


NOTES 
'This table applies for VREF+S= +3 V. 
'FSR (Full·Scale Raoge) is 6 volts for the :!:3 V input range aod 10 volts for the :!:5 V input range. 
'1 LSB on the :!:3 V raoge is FSR/216 aod is equal to 9J.5 f!.V. 
41 LSB on the :!:5 V raoge is FSR/216 aod is equal to 152.6 f!.V. 
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The buffer amplifier used to drive the device VREF+ 
should 
have low enough noise performance so as not to affect the over- 
all system noise requirement. 
The ADOP-07, AD845 and OP- 
177 are all suitable. 


Decoupling 
and Grounding 
The AD7884 has one AVDD pin and two VDD pins. It also has 
one AVss pin and three Vss pins. The AD7885 has one AVDD 
pin, one VDD pin, one AVss pin and one Vss pin. Figure 6 
shows how a common +5 V supply should be used for the posi- 
tive supply pins and a common - 5 V supply for the negative 
supply pins. 


For decoupling purposes, the critical pins on both devices are 
the AVDD and AVss pins. Each of these should be decoupled to 
system AGND with 10 IJ.Ftantalum and 0.1 IJ.Fceramic capaci- 
tors right at the pins. With the VDD and Vss pins, it is suffi- 
cient to decouple each of these with ceramic I IJ.F capacitors. 


AGNDS, AGNDF are the ground return points for the on-chip 
9-bit ADC. They should be driven by a buffer amplifier as 
shown in Figure 6. 


The GND pin is the analog ground return for the on-chip linear 
circuitry. It should be connected to system analog ground. 


The DGND pin is the ground return for the on-chip digital cir- 
cuitry. It should be connected to the ground terminal of the 
VDD and Vss supplies. If a common analog supply is u 
for 
AVDD and VDD then DGND should be connected. to the com- 
mon ground point. 


Power Supply Sequencing 
If the AD7884/ AD7885 is being powere \ ,om separate anal<l8 
and digital supplies, then care should be tiiken with po' er s~p- 
ply sequencing. AVDD should always come up befo~ VDD and 
AVss should always come up before Vss' If this caruJ.otbe guar- 
anteed, Schottky diodes (HP5082-2810 or equivalent) should be 
used to ensure that VDD never exceeds AVDD by more than 
0.3 V and that Vss never goes below AVss by more than 0.3 V. 


AD7884/AD7885 PERFORMANCE 
Linearity 
The linearity of the AD7884/AD7885 is determined by the on- 
chip 16-bit D/A converter. This is a segmented DAC which is 
laser trimmed for 16-bit DNL performance to ensure that there 
are no missing codes in the ADC transfer function. Figure 13 
shows a typical INL plot for the AD7884/AD7885. 


• 
2.0 
~ 
rl: 1.5 
~ 
ffi 
1.0 
r; 
~ 
0.5 
w~ 


Voo= 
+SV 
Vss=-5V 


TA= 
+25"C 


Noise 
In an AID converter, noise exhibits itself as code uncertainty 
in 
dc applications and as the noise floor (in an FFT, 
for example) 


in ac applications. 


In a sampling AID converter like the AD7884/AD7885, 
all in- 
formation about the analog input appears in the baseband from 
dc to 1/2 the sampling frequency. An antialiasing filter will re- 
move unwanted signals above fs/2 in the input signal but the 
converter wideband noise will alias into the baseband. In the 
AD7884/AD7885, 
this noise is made up of sample-and-hold 
noise and aid converter noise. The sample-and-hold 
section con- 
tributes 51 IJ.V rms and the ADC section contributes 
59 IJ.V 
rms. These add up to a total rms noise of 78 IJ.V. This is the 
input referred noise in the ±3 V analog input range. When op- 
erating in the ±5 V input range, the input gain is reduced to 
-0.6. 
This means that the input referred noise is now increased 
by a factor of 1.66 to 120 IJ.V rms. 


Figure 14 shows a histogram plot for 5000 conversions of a dc 
input using the AD78 
/A,D7885 in the ± 5 V input range. The 
analog input was set 
t the. center of a code transition. 
All codes 
other than the center cOde are due to the ADC noise. In this 
case., the sprea 
. five 'codes. 


3OO(j; 


o 


Figure 14. Histogram of 5000 Conversions of a DC Input 


If the noise in the converter is too high for an application, it can 
be reduced by oversampling and digital filtering. This involves 
sampling the input at higher than the required word rate and 
then averaging to arrive at the final result. The very fast conver- 
sion time of the AD7884/ AD7885 makes it very suitable for 
oversampling. 
For example, if the required input bandwidth 
is 
50 kHz, the AD7884/AD7885 could be oversampled by a factor 
of 2. This yields a 3 dB improvement 
in the effective SNR per- 
formance. The noise performance in the ± 5 volt input range is 
now effectively 85 IJ.V rms and the resultant spread of codes for 
2500 conversions will be four. This is shown in Figure IS. 
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Figure 15. Histogram of 2500 Conversions of a DC Input 
Using a x2 Oversampling Ratio 


Dynamic Performance 
With a combined conversion and acquisition time of 6 •.•.s, the 
AD7884/AD7885 is ideal for wide bandwidth 
signal processing 
applications. 
Signal to (Noise + Distortion), 
Total Harmonic 
Distortion, 
Peak Harmonic or Spurious Noise and Intermodula· 
tion Distortion are all specified. Figure 16 shows a ~ 
plot of a 1.8 kHz, ±5 V input after being digi~ 
by the 
AD7884/ AD7885. 


MOV AX, COOl 
MOV AX, COOO 
Read 8 MSBs of data 
Read 8 LSBs of data 


uNliii 


A15-AS 


MUCROPROCESSORINTERFACING 
The AD7884/AD7885 is designed on a high speed process which 
results in very fast interfacing timing. The AD7884 has a full 
l6-bit parallel bus and the AD7885 has an 8-bit wide bus. 


AD7884-MC68000 
Interface 
Figure 17 shows a general interface diagram for the MC68000, 
l6-bit microprocessor to the AD7884. In Figure 17, conversion 
is initiated by bringing CSA low (Le., writing to the appropriate 
address). This allows the processor to maintain control over the 
complete conversion process. In some cases it may be more de- 
sirable to control conversion independent 
from the processor. 
This can be done by using an external sampling timer. 
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AD7884 to ADSP-21Oi 
Interface 
Figure 19 shows an interface between the AD7884 and the 
ADSP-2l01. 
Conversion is initiated using a timer which allows 
very accurate control of the sampling instant. The AD7884 
BUSY line provides an interrupt 
to the ADSP-2l0l 
when con- 
version is completed. The RD pulse width of the processor can 
be programmed 
using the Data Memory Wait State Control 
Register. The result can then be read from the ADC using the 
following instruction: 


Stand-Alone 
Operation 
If CS and RD are tied permanently 
low on the AD7884, then, 
when a conversion is completed, output data will be valid on the 
rising edge of BUSY. This makes the device very suitable for 
stand-alone operation. All that is required to run the device is 
an external CONVST pulse which can be supplied by a sample 
timer. Figure 20 shows the AD7884 set up in this mode with 
the BUSY signal providing the clock for the 74HCS74 3-state 
latches. 


MRO = DM (ADC) 


where MRO is the ADSP-210l 
MRO register, and 
ADC is the AD7884 address. 
HBEN 


CONVST 
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FEATURES 
750 kHz Throughput Rate 
1 jLS Conversion Time 
12·Bit No Missed Codes Over Temperature 
67 dB SNR at 100 kHz Input Frequency 
Low Power-250 
mW typ 
Fast Bus Access Time - 57 ns max 


APPUCATIONS 
Digital Signal Processing 
Speech Recognition and Synthesis 
Spectrum Analysis 
DSP Servo Control 


GENERAL DESCRIPTION 
The AD7886 is 12-bit ADC with a sample-and-hold 
amplifier 
offering high speed performance combined with low power dissi- 
pation. The AD7886 is a triple pass flash ADC, which uses 15 
comparators in a 4-bit flash technique to achieve 12-bit accuracy 
in 1 I1S conversion time. An on-chip clock oscillator provides the 
appropriate timing for each of the three conversion stages elimi- 
nating the need for any external clocks. Acquisition time of the 
sample-and-hold 
amplifier is less than 333 ns giving a resulting 
throughput 
rate of 750 kHz. 


The AD7886 operates from :±o5V power supplies. Pin- 
strappable inputs offer a choice of three analog input ranges; 
o to 5 V, 0 to 10 V or :±o5V. 


In addition to the traditional dc accuracy specifications such as 
linearity, offset and full-scale errors, the AD7886 is also speci- 
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio at a sampling frequency of 
750 kHz. 


The AD7886 has a high speed digital interface with three-state 
data outputs. Conversion control is provided by a CONVST in- 
put. Data access is controlled by CS and RD inputs, standard 
microprocessor signals. The data access time of less than 57 ns 
means that the AD7886 can interface directly to most modern 
microprocessors including DSP processors. 


LC2MOS 
12-Bit, 750 kHz, Sampling ADC 


AD7886 
I 
• 


The AD7886 is fabricated in Analog Devices' Linear Compatible 
CMOS process, a mixed technology process that combines preci- 
sion bipolar circuits with low power CMOS logic. 


The AD7886 is available in both a 28-pin DIP and in a 28-pin 
leaded chip carrier. 


PRODUCT HIGHLIGHTS 
1. Fast 1.333 I1S Throughput 
Time. 


Fast 1.333 I1S throughput 
time makes the AD7886 suitable 
for a wide range of data acquisition applications. 


2. Dynamic Specifications for DSP Users. 
The AD7886 is specified for ac parameters, 
including signal- 
to-noise ratio, harmonic distortion and intermodulation 
dis- 
tortion. Key digital timing parameters are also tested and 
guaranteed over the full operating temperature 
range. 


3. Fast Microprocessor Interface. 


Standard control signals, CS and RD, and fast bus access 
times make the AD7886 easy to interface to microprocessors. 


4. Low Power. 


LC2 MOS fabrication process gives low power dissipation of 
250 mW. 
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Signal-to-Noise 
Ratio' (SNR) 
65 
67 
65 
dBmin 
VIN = 100 kHz Sine Wave, fSAMPLE= 750 kHz 


Total Harmonic 
Distortion 
(THD) 
-75 
-75 
-75 
dBtyp 
VIN = 100 kHz Sine Wave, fSAMPLE= 750 kHz 
Peak Harmonic 
or Spurious Noise 
-77 
-77 
-77 
dBtyp 
VIN = 100 kHz Sine Wave, fSAMPLE= 750 kHz 


Intermodulation 
Distortion 
(IMD) 
Second Order Terms 
-go 
-80 
-80 
dBtyp 
f. = 96 kHz, fb = 103 kHz, fSAMPLE= 750 kHz 


Third Order Terms 
-80 
-80 
-80 
dBtyp 


ACCURACY 
Resolution 
12 
12 
12 
Bits 
Integral Linearity T min to T~. 
±2 
±2 
LSB max 
Minimum 
Resolution 
for Which 
No Missing Codes Are Guaranteed 
12 
12 
12 
Bits 
Unipolar Offset Error @ + 25"<: 
±5 
±5 
±5 
LSB max 
Input Range: 0 to 5 V or 0 to 10 V 


Tmin 
to T~ 
±5 
±5 
±5 
LSBmax 
Bipolar Offset Error @ + 25"<: 
±5 
±5 
±5 
LSBmax 
Input Range: ±5 V 


Tmin to Tmax 
±5 
±5 
±5 
LSBmax 
Unipolar Gain Error @ + 25"<: 
±5 
±5 
±5 
LSBmax 
Input Range: 0 to 5 V or 0 to 10 V 


Tmin to Tmax 
±5 
±5 
±5 
LSBmax 
Bipolar Gain Error @ + 25'C 
±5 
±5 
±5 
LSBmax 
Input Range: ± 5 V 


Tmin to Tmu: 
±5 
±5 
±5 
LSB max 


ANALOG 
INPUT 


Unipolar Input Current 
1.5 
1.5 
1.5 
mAmax 
Input Ranges: 0 to 5 V or 0 to 10 V 
Bipolar Input Current 
±0.75 
±0.75 
±0.75 
mAmax 
Input Range: ±5 V 


REFERENCE 
INPUT 
VREF 
-3.5 
-3.5 
-3.5 
Volts 
± 2% For Specified Performance 
Input Reference Current 
-10 
-10 
-10 
mAmax 


Rl, 
Resistance 
9 
9 
9 
ill 
nom 
±25% 
Rl, Resistance 
6.3 
6.3 
6.3 
ill 
nom 
±25% 
R2JRl Ratio 
0.7 
0.7 
0.7 
nom 
±0.1% 


POWER 
SUPPLY REJECTION 


Voo Only, (FS Change) 
0.5 
0.5 
0.5 
LSB typ 
Vss = -5 
V, Voo = +4.75 V to +5.25 V 
Vss Only, (FS Change) 
0.5 
0.5 
0.5 
LSB typ 
Voo = +5 V, Vss = -4.75 
V to -5.25 
V 


LOGIC INPUTS 
Input High Voltage, VINH 
2.4 
2.4 
2.4 
Vmin 
Voo = 5 V ± 5% 


Input Low Voltage, VINL 
0.8 
0.8 
0.8 
Vmax 
Voo = 5 V ± 5% 


Input Current, 
IIN 
±IO 
±10 
±IO 
IJ.Amax 
VtN = OVtoVoo 
Input Capacitance, 
Cm, 
10 
10 
10 
pFmax 


LOGIC OUTPUTS 
DBll-DBO, 
BUSY 
Output 
High Voltage, VOH 
4 
4 
4 
Vmin 
ISOURCE= 200 tJ.A 
Output 
Low Voltage, VOL 
0.4 
0.4 
0.4 
Vmax 
IS1NK= 1.6 mA 


DBll-DBO 
Floating-State 
Leakage Current 
±IO 
±IO 
±10 
tJ.Amax 


Floating-State 
Output 
Capacitance' 
15 
15 
15 
pF max 


POWER 
REQUIREMENTS 


Voo 
+5 
+5 
+5 
V nom 
±5% for Specified Performance 


Vss 
-5 
-5 
-5 
V nom 
±5% for Specified Performance 
100 
35 
35 
35 
mAmax 
Typically 25 mA, CONVST = CS = RD = Voo 


Iss 
-35 
-35 
-35 
mAmax 
Typically 25~, 
CONVST = CS = RD = Voo 


Power Dissipation 
250 
250 
250 
mW typ 
CONVST = CS = RD = Voo 
350 
350 
350 
mWmax 


NOTES 
'Temperature 
ranges are as follows: J, K Versions: 0"<:to +70"<:; B Version: -40"<: to +85"<:; T Version: -55"<: to +125"<:. 


'Applies to all three input ranges, VIN = 0 to FS, pk·to-pk V. 
38NR calculation includes distortion and noise components. 
4Sample tested @+2SOC 
to ensure compliance. 


Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 1 


Limit at 
Limit at 
Limit at 
T..,;",T""", 
T..,;",T""", 
T..,;",T""", 


Parameter 
a, K Versions) 
(B Version) 
(T Version) 
Units 
Conditions/Comments 


tl 
SO 
SO 
SO 
ns min 
eONVST 
Pulse Width 
1 
1 
1 
IJ.smax 
t2 
0 
0 
0 
ns min 
es to RD Setup Time 
t3 
0 
0 
0 
ns min 
es to RD Hold Time 
t4 
60 
60 
75 
ns min 
RD Pulse Width 
t, 
100 
100 
100 
ns max 
eONVST 
to BUSY Propagation Delay, (eL = 10 pF) 


t/ 
57 
57 
70 
ns max 
Data Access Time After RD 
tl 
10 
10 
10 
ns min 
Bus Relinquish Time After RD 
50 
50 
60 
ns max 
t8 
20 
20 
14 
ns min 
Data Setup Time Prior to BUSY, (eL = 20 pF) 


10 
10 
0 
ns min 
Data Setup Time Prior to BUSY, (eL = 100 pF) 


t/ 
10 
10 
10 
ns min 
Bus Relinquish Time After eONVST 
100 
100 
100 
ns max 
tlO 
0 
0 
0 
ns min 
es High to eONVST 
Low 
tl1 
0 
0 
0 
ns min 
BUSY High to RD Low 
t12 
250 
250 
250 
nstyp 
BUSY High to eONVST 
Low, SHA Acquisition Time 
t13 
1.333 
1.333 
1.333 
IJ.smin 
Sampling Interval 
teoNV 
950 
950 
950 
ns typ 
Conversion Time 
1000 
1000 
1000 
ns max 
• 


NOTES 
ITiming specifications in bold print are 100% production tested. All other times are sample tested at +250C to ensure compliance. AU input signals are 
specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
''0 is measured with the load circuit of Figure 1 and defmed as the time required for an output to cross 0.8 V or 2.4 V. 
't, and to are derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circuit of Figure I. The measured 
number is then extrapolated back to remove the effects of charging or discharging the load capacitor, CL• This means that the times, 
(7 and ~) quoted in the 


timing characteristics are the true bus relinquish times of the pan and as such are independent of external bus loading capacitances. 
Specifications subject to change without notice. 


Figure 1. Load Circuit for Bus Access and Relinquish 
Time 


ABSOLUTE 
MAXIMUM 
RATINGS1, 
2 


(T A = +25"C unless otherwise noted) 
VDD to AGND 
-0.3 
V to +7 V 
Vss to AGND 
+0.3 V to -7 V 
AGND to DGND 
-0.3 
V to VDD +0.3 V 


VINl, 
VIN2, SUM, +SREF to AGND 
.... 
-IS 
V to + IS V 


VREF to AGND 
Vss -0.3 
V to VDD +0.3 V 


Digital Inputs to DGND 
es, 
RD, eONVST 
-0.3 
V to VDD +0.3 V 


Digital Outputs to DGND 
DBO to DBll, 
BUSY 
-0.3 
V to VDD +O.3V 


Operating Temperature 
Range 
Commercial (1, K Versions) 
o·e to +70·e 
Industrial (B Version) 
-40·e 
to +8S·e 
Extended (T Version) 
-ss·e 
to + 12S·e 
Storage Temperature 
Range 
-6S·e 
to + lS0·e 
Lead Temperature 
(Soldering, 
10 sees) 
+ 3000C 
Power Dissipation (Any Package) to +7S·e 
1000 mW 
Derates above +7S·e by 
10 mWre 


IStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating oonditions for extended periods may affect device reliability. 
'If Vss is open circuited with Voo and AGND applied, the Vss pin will be 
pulled positive, exceeding the Absolute Maximum Ratings. If this possibility 
exists, a Schottky diode from Vss to DGND (cathode end to GND) ensures 
that the Absolute Maximum Ratings will be observed. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


Integral 
Temperature 
SNR 
Nonlinearity 
Package 
Modell. 
2 
Range 
(dBs) 
(LSBs) 
Option3 


AD7886JD 
O°Cto +70°C 
65 
D-28 
AD7886KD 
O°Cto +70°C 
67 
±2.0 
D-28 
AD7886JP 
O°Cto +70°C 
65 
P-28A2 


AD7886KP 
O°Cto +70°C 
67 
±2.0 
P-28A2 


AD7886BD 
-40°C to +85°C 
67 
±2.0 
D-28 
AD7886TD 
- 55°C to + 125°C 
65 
±2.0 
D-28 


NOTES 
'Contact your sales office for availability of AD7886BD and AD7886TD. 
'Analog Devices reserves the right to ship J-Leaded Ceramic Chip Carrier OLCCC) 
in lieu of PLCC packages. 
3D = Ceramic DIP; P = Plastic Leaded Chip Carrier. For outline information see 
Package 
Information 
section. 


DIP Pin 
Number 
Mnemonic 
Description 


Power Supply 
10 & 19 
VDD 
Positive Power Supply, +5 V ± 5%. Both VDD pins must be tied together. 
15 & 24 
Vss 
Negative Power Supply, -5 V ± 5%. Both Vss pins must be tied together. 
16 & 23 
AGND 
Analog Ground. Both AGND pins must be tied together. 


5 
DGND 
Digital Ground. 


Analog and Reference 
Inputs 
17 & 18 
VIN 
Analog Inputs, VINI and VIN2. The part can be pin strapped for anyone 
of three analog input ranges; 


Range 
Pin Strap 
Signal Input 
o to 5 V 
Connect VIN2 to VINI 
VINI & VIN2 
o to 10 V 
Connect VIN2 to GND 
VINI 
±5 V 
Connect VIN2 to +5 V 
VINI 


22 
VREF 


Interface 
and Control 
1-4, 
DB7-DB4 
6-9, 
DB3-DBO 
25-28 
DBIl-DB8 
II 
BUSY 
12 
CS 
13 
RD 


14 
CONVST 


+ 5 V Reference input. This input is used in conjunction with SUM and VREF inputs to scale an external 
+ 5 V reference to - 3.5 V, the required reference for the part, see Figure 2. 
Summing Point. This input is used in conjunction with +5REF 
and VREF inputs to scale an external 
+5 V reference to -3.5 
V, the required reference for the part, see Figure 2. 
Voltage Reference Input. The AD7886 is specified with VREF = -3.5 
V. 


Three-state data outputs. 
These outputs are controlled by CS and RD. DBII is the Most Significant Bit (MSB). 


BUSY Output indicates converter status. BUSY is low during conversion. 
Chip Select Input. The device is selected when this input is low. 
Read Input. This active low signal, in conjunction with CS, is used to enable the output data three-state 
drivers. 
Conversion Start Input. This input is used to start conversion. 


DIP 


DB7 
DBa 


DB6 
DB9 


DBS 
DB10 


DB4 
DBll 


DGND 
VSS 


DB3 
AD7886 
AGND 


DB2 
TOP VIEW 
VREF 


DBl 
(Not to scale) 
SUM 


DBO 
+SREF 


VOO 
VOO 


BUSY 
VIN2 


Cs 
VINl 


lID 
AGND 


CONVST 
Vss 


DGND 


DB3 


DBll 


Vss • 


AGND 
AD7886 
VREF 


TOP VIEW 
(Not to scale) 
SUM 


+SREF 


VOO 


TERMINOLOGY 
Unipolar 
Offset Error 
The ideal first code transition should occur when the analog in- 
put is I LSB above AGND. The deviation of the actual transi- 
tion from that point is termed the offset error. 


Bipolar Zero Error 
The ideal midscale transition (i.e., 0111 1111 1111 to 10000000 
ססoo for the ± S V range should occur when the analog input is 
at zero volts. Bipolar zero error is the deviation of the actual 
transition from that point. 


Gain Error 
In the unipolar mode, gain error is measured with respect to the 
first and last code transition points. The ideal difference be- 
tween these points if FS-2 
LSBs. For bipolar applications, the 
gain error is measured from the midscale transition to both the 
first and last code transitions. The ideal difference in this case is 
FS/2 - I LSB. The gain error is defmed as the deviation between 
the ideal difference, given above, and the measured difference. 
For the bipolar case, there are two gain errors, the figure in the 
specification page represents the worst case. Ideal FS depends 
on the +SREF input; for the 0 to S V input, ideal FS = 
+SREF and for the 0 to 10 V and ±S V ranges, ideal FS = 2 x 
+SREF. 


CONVERTER 
DETAILS 
The AD7886 is a triple-pass flash ADC which uses IS compara- 
tors in a 4-bit flash technique to perform the 12-bit conversion 
procedure. 
Each of the 4096 quantization 
levels is realized inter- 
nally with a precision resistor DAC. 


The fifteen comparators fllst compare the analog input voltage 
to the VRE~16 voltages of the resistor array. This determines 
the four most significant bits and selects lout 
of 16 voltage seg- 
ments. The comparators are then switched to IS subvoltages on 
that segment to determine the next four bits and select lout 
of 
2S6 voltage segments. A further switching of the comparators to 


another IS subvoltages produces the complete 12-bit conversion 
result. The 12 bits of data are then stored internally in a three- 
state output latch. 


REFERENCE 
INPUT 
The AD7886 operates from a -3.S V reference which must be 
provided at the VREFinput. Two on-chip resistors for use with 
an external amplifier can be used for deriving - 3.S V from 
standard S V references. Figure 2 shows an example with the 
ADS86 which a is a high performance voltage reference which 
exhibits excellent stability performance, 
S ppml"C max. The ex- 


ternal amplifier serves a second function of force/sensing the 
VREFinput. Force/sensing minimizes error contributions 
from 


TODAC 


AGND 
Cl 
C2 


10~F~ 


~ 
'ADDITIONAL 
PINS OMITTED 
FOR CLARITY 


voltage or IR drops along the internal conductors. 
IR drops in 
the reference path cause a gain error, and typically the external 
amplifier reduces this error by 2 LSBs. In systems where a 
-3.5 
V reference is available then it can be applied to the VREF 
input directly causing a slight increase in gain error. A low op 
amp offset voltage is important as any offset voltage will add 
directly to the voltage that is being force/sensed. Suitable op 
amps for this application are precision op amps such as the 
AD705 or the AD707 which feature offset voltages of less than 
100 •.•.V. 


Proper decoupling on the op amp output is important to sup- 
press high speed transients during the conversion procedure. 
Note, connecting capacitors directly to op amp outputs can 
cause stability problems. However, the use of large capacitors, 
10 •.•.F in Figure 2, limits the open-loop bandwidth preventing 
any closed-loop oscillations. 


TRACK·AND·HOLD 
AMPLIFIER 
The analog input is sampled by an on-chip track-and-hold 
am- 
plifier before being applied to the ADC. The 3dB bandwidth of 
this amplifier is typically 20 MHz which is much greater than 
the Nyquist limit of the ADC, so it can be used for undersam- 
piing applications. The track-and-hold 
amplifier acquires the 
input signal to 12-bit accuracy in less than 333 ns. The overall 
throughput 
time is equal to the conversion time plus the track! 
hold amplifier acquisition time which is 1.333 •.•.s for the 
AD7886. 


The operation of the tracklhold amplifier is essentially transpar- 
ent to the user. The track-to-hold 
transition occurs at the start 
of conversion on the falling edge of CONVST. 
The conversion 
procedure does not start until the rising edge of CONVST. 
The 
width of the CONVST pulse low time determines the track-to- 
hold settling time. The tracklhold reverts back to the track 
mode at the end of conversion when BUSY has returned high. 


o TO 5V ANALOG INPUT RANGE 


3.5k 


o TO IOV ANALOG INPUT RANGE 


3.5k 


±5V ANALOG INPUT RANGE 


3.5k 


ANALOG 
INPUT 
RANGES 
The AD7886 has three user selectable analog input ranges: 0 to 
5 V, 0 to 10 V and ±5 V. Figure 3 shows how to configure the 
two analog inputs (VlNI 
and VlN2) for these ranges. 


UNIPOLAR 
OPERATION 
Figure 4 shows a typical unipolar circuit for the AD7886. The 
ideal input/output 
characteristic is shown in Figure 5. The de- 
signed code transitions occur on integer multiples of I LSB. 


The output code is natural binary with 1 LSB = FS/4096. FS is 
either +5 V or + 10 V depending on how the analog inputs are 
configured. 


OUTPUT 
CODE 


11...111 


AIN 


OT05Y 
OR 
OTOIOV 


.vON 


Voor 
+5V 


Cl 
C2 
I~F9 


'ADDmONAL 
PINS oumED 
FOR CLARITY 
~oTO 5V RANGE: 
CONNECT 
VIN2 TO VINI 
o TO IOY RANGE: 
CONNECT 
YIN2 TO AGND 
/ 


I 


123 
t 
VIN,INPUT VOLTAGE (LSBS) 


FS -lLSB 


Figure 5. Ideal Input/Output Transfer Characteristic for 
Unipolar Operation 


OFFSET 
AND GAIN ADJUSTMENT 
In most digital signal processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can usually be eliminated in the analog domain by 
ac coupling. Full-scale errors do not cause problems as long as 
the input signal is within the full dynamic range of the ADC. 
For applications which require that the input signal range match 
the full analog input dynamic range of the ADC, offset and full- 
scale errors have to be adjusted to zero. 


UNIPOLAR 
OFFSET 
AND GAIN ERROR ADJUSTMENT 
If absolute accuracy is an application requirement, 
then offset 
and gain can be adjusted to zero. Offset error must be adjusted 
before gain error. Zero offset is achieved by adjusting the 
offset of the op amp driving the analog input (i.e., Al in Fig- 
ure 6). For zero offset error apply a voltage of I LSB to AIN 
and adjust the op amp offset until the ADC output code flickers 
betweenססooססooססoo andססooססoo 0001. 
o to 5 V Range: 
I LSB = 1.22 mV 
o to 10 V Range: 
I LSB = 2.44 mV 


For zero gain error apply an analog input voltage equal to FS-l 
LSB (last code transition) at AIN and adjust R3 until the ADC 
output code flickers between 1111 1111 1110 and 1111 1111 
1111. 


o to 5 V Range: 
FS-I 
LSB = 4.99878 V 
o to 10 V Range: 
FS-I 
LSB = 9.99756 V 


OT05V 
OR 
OT010V 


AD586 


GND 


Cl 
C2 


1011F~ 


"Q 
-5V 


"ADDmONAL 
PINS OMITTED 
FOR CLARITY 


""0 TO 5V RANGE: 
CONNECT 
VIN2 TO VINl 
o TO 10V RANGE: 
CONNECT 
VIN2 TO AGND 


BIPOLAR OPERATION 
Bipolar operation is achieved by providing a + 10 V span on the 
VINI input while offsetting the VIN2 input by +5 V. A typical 
circuit is shown in Figure 7. The output code is offset binary. 
The ideal input/output 
transfer characteristic is shown in Figure 
8. The LSB size is (10/4096) V = 2.44 mY. 


AD586 


GND 
• 


Cl 
C2 


10 
11F9 


"ADDITIONAL 
PINS OMITTED 
FOR CLARITY 


OUTPUT 
CODE 


11.•.111 


11...110 


11...101 


10...010 


10...001 
-~S 
+lLSB 
-lLSB 
10...000 


01•..111 


01 .••110 


01•..101 Y 


00...001 


00 ...000 


+FS 
-lLSB 
2 


FS = 10V 


lLSB= 
~ 


Figure 8. Ideal Input/Output Characteristics 
for Bipolar 
Operation 


BIPOLAR OFFSET 
AND GAIN ADJUSTMENT 
In applications where absolute accuracy is important then offset 
and gain error can be adjusted to zero. Offset is adjusted by 
trimming the voltage at the VINI or VIN2 input when the ana- 
log input is at zero volts. This can be achieved by adjusting the 
offset of an external amplifier used to drive either of these in- 
puts, see Al in Figure 9. The trim procedure is as follows: 


Apply zero volts at AIN and adjust the offset of Al until the 
ADC output code flickers between 0III 
llll 
llll 
and 1000 
סס ooסס oo. 


Gain error can be adjusted at either the fIrst code transition 
(ADC negative full scale) or the last code transition (ADC posi- 
tive full scale). Adjusting the reference, as in Figure 9, will trim 
the positive gain error only. The trim procedure is as follows: 


Apply a voltage of 4.99756 V, (FS/2-1 
LSB) at AIN and adjust 
R3 until the output code flickers between llll 
llll 
IllO and 
llll 
llll 
llll. 


If the fIrst code transition needs adjusting, then a gain trim has 
to be included in the analog signal path. The trim procedure 
will then consist of applying an analog signal of -4.99756 
V, 
(- FS/2 + I LSB) and adjusting the trim until the output code 
flickers between 0000סס oo 0000 and 0000 0000 000I. 


Cl 
C2 
10~F~ 
~ 
-5V 


"ADDITIONAL 
PINS OMITIED 
FOR CLARITY 


TIMING 
AND CONTROL 
Conversion start is controlled by the CONVST input, see Fig- 
ures 10 and II. A high to low going edge on the CONVST in- 
put puts the tracklhold amplifIer into the hold mode. The ADC 
conversion procedure does not begin until a rising CONVST 
pulse edge occurs. The width of the CONVST pulse low time 
detertnines the track-to-hold 
settling time. The BUSY output, 


which indicates the status of the ADC, goes low while conver- 
sion is in progress. At the end of conversion BUSY returns high 
indicating that new data is available on the AD7886's output 
latches. The tracklhold amplifier returns to the track mode at 
the end of conversion and remains there until the next 
CONVST pulse. Conversion starts must not be attempted while 
conversion is in progress as this will cause erroneous results. 


Data read operations are controlled by the CS and RD inputs. 
These digital inputs, when low, enable the AD7886's three-state 
output latches. Note, these latches cannot be enabled during 
conversion. In applications where CS and RD are tied perma- 
nently low, as in Figure ll, 
the data bus will go into the three- 
state condition at the start of conversion and return to its active 
state when conversion is complete. Tying CS and RD perma- 
nently low is useful when external latches are used to store the 
conversion results. The data bus becomes active before BUSY 
returns high at the end of conversion, so that BUSY can be used 
as a clocking signal for the external latches. 


A typical DSP application would have a timer connected to the 
CONVST input for precise sampling intervals. BUSY would be 
connected to the interrupt 
of a microprocessor which would be 
asserted at the end of every conversion. The microprocessor 
would then assert the CS and RD inputs and read the data from 
the ADC. For applications where both data reading and conver- 
sion control need to be managed by a microprocessor, 
then a 
CONVST pulse can be decoded from the address bus. One de- 
coding possibility is that a write instruction to the ADC address 
starts a conversion and a read instruction 
reads the conversion 
result. 


TRACK- TO-HOLD 
/ 
TRANSITION 


"- 
CONVERSION 
START 


HOLD TO 
TRACK 
TRANSITION 


Figure 
10. Conversion 
Start 
and Data Read Timing 
Diagram 


TRACK-To-HOLD 
I TRANSITION 


19 
18 


HIGH IMPEDANCE 


Figure 
11. Conversion 
Start 
and Data Read Timing 
Diagram, 
(CS = RD = 0 Vi 


AD7886 DYNAMIC 
SPECIFICATIONS 
The AD7886 is specified for dynamic performance specifications 
as well as traditional de specifications such as integral and differ- 
ential nonlinearity. 
These ac specifications are required for the 
signal processing applications such as speech recognition, spec- 
trum analysis, and high speed modems. These applications re- 
quire information on the ADC's effect on the spectral content of 
the input signal. Hence, the parameters for which the AD7886 
is specified include SNR, harmonic distortion, 
intermodulation 
distortion and peak harmonics. These terms are discussed in 
more detail in the following sections. 


Signal-to-Noise 
Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental 
signals up to 
half the sampling frequency (FS/2) excluding de. SNR is depen- 
dent upon the number of quantization levels used in the digiti- 
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave input 
is given by 


where N is the number of bits. Thus for an ideal 12-bit con- 
verter, SNR = 74dB. 


The output spectrum from the ADC is evaluated by applying a 
sine wave signal of very low distortion to the VIN input which 
is sampled at a 750 kHz sampling rate. A Fast Fourier Trans- 
form (FFT) plot IS generated from which the SNR data can be 
obtained. Figure 12 shows a typical 2048 point FFT plot with 
an input signal of 100 kHz and a sampling frequency of 750 
kHz. The SNR obtained from this graph is 68 dB. It should be 
noted that the harmonics are taken into account when calculat- 
ing the SNR. 
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INPUT FREQUENCY 
-100kHz 
SAMPLE 
FREQUENCY 
- 750kHz 
SNR = 68.12dB 
TA = 2S·C 


Effective Number 
of Bits 
The formula given in Equation I relates the SNR to the number 
of bits. Rewriting the formula, as in Equation 2, it is possible to 
get a measure of performance expressed in effective number of 
bits (N). 


SNR-1.76 
N = 
6.02 


The effective number of bits for a device can be calculated di- 
rectly from its measured SNR. 


Figure 13 shows a typical plot of effective number of bits versus 
frequency for a sampling frequency of 750 kHz. Input fre- 
quency range for this particular graph was litnited by the test 
equipment to FS/4. The effective number of bits typically falls 
between 10.9 and 11.2 corresponding 
to SNR figures of 67.38 
dB and 69.18 dB. 
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Total Harmonic 
Distortion 
(THD) 
THD is the ratio of the rms sum of harmonics to the fundamen- 
tal. For the AD7886, THD is defmed as 


VV1+V2+Vl+V2+V:2 
THD 
= 
20 log 
2 
3 VI 4 
5 
6 
(3) 


where V I is the rms amplitude of the fundamental and V2> V3' 
V4' V5 and V6 are the rms amplitudes of the second through to 
the sixth harmonic. The THD is also derived from the FFT 
plot of the ADC output spectrum. 


IntermodulatioD 
Distortion 
(IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa:!: nfb where 
m,n = 0, I, 2, 3, etc. Intermodulation 
terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + fb) and (fa - fb) while the third order 
terms include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). 


Using the CCIF standard where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves, 
while the third order terms are usually at a frequency close to 
the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu- 
lation distortion is as per the THD specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of the fundamental expressed in dBs. In this 
case, the input consists of two, equal amplitude, 
low distortion 
sine waves. Figure 14 shows a typical IMD plot for the 
AD7886. 


Peak Harmonic 
or Spurious Noise 
Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to FS/2 and excluding de) to the rms value of the 
fundamental. 
Normally, the value of this specification will be 


pans where the harmonics are buried in the noise floor the peak 
will be a noise peak. 
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INPUT 
FREQUENCIES 
F1 s '7.05kHz 
F2 = t7.95kHZ 


SAMPLE 
FREQUENCY 
- 307 .2kHz 
T.•.= 2S"C 


IMD 
ALL TERMS 
= 79.53d8 
2nd ORDER 
TERMS 
= 82.83dB 
3rd ORDER 
TERMS 
= 82.27dB 


FREQUENCY 
- kHz 
Figure 14. AD7886 IMD Plot 


MICROPROCESSOR 
INTERFACING 
The AD7886 is designed to interface to microprocessors as a 
memory mapped device. Its CS and RD control inputs are com- 
mon to all memory peripheral interfacing. Figures 15 to 21 dem- 
onstrate typical interfaces for the AD7886. 


AJ>7886-T~S32OCIorr~S32020 
Figures 15 and 16 show typical interfaces for the TMS32OCIO 
and the TMS32020 DSP processors. An external timer controls 
conversion stan to the processor. At the end of each conversion 
the ADC's BUSY output interrupts 
the microprocessor. 
The 
conversion result can then be read from the ADC with the fol- 
lowing instruction: 


IN D,ADC 
(ADC = ADC address) 


AJ>7886- AJ>Sp·2100rr~S32OC25IDSP56000 
Some of the faster DSP processors have data access times which 
are outside the capabilities of the AD7886. Interfacing to such 
processors requires the use of either a single WAIT state or ex- 
ternallatches. 
Examples are shown in Figures 17, 18 and 19. 


The use of a single WAIT state for the TMS32OC25 and the 
ADSP-2100 interfaces extends the read instruction to the ADC 
by one processor CLK OUT cycle. In the DSP56000 example 
the ADC's data is first clocked into 74HC374 latches before 
being read by the processor. The AD7886's CS and RD inputs 
are tied permanently low, and the rising edge of BUSY updates 
the latches at the end of conversion. Both methods of overcom- 
ing the very fast data access time required by these processors 
are interchangeable, 
i.e., aWAIT 
state can be used for the 
DSP56000 eliminating the need for latches or vice versa for the 
other two interfaces. 


For all three interfaces, an external timer controls conversion 
stan, the processor is interrupted 
at the end of each conversion 
by the ADC's BUSY output. The following instruction then 
reads datil from the ADC: 


ADSP-2100 - MR = DM(ADC) 
TMS32OC25 - IN D,ADC 
DSP56000 - MOVEP Y:ADC,XO 
Assuming the ADC is 
memory mapped into the 
top 64 locations in Y 
memory space. 
(ADC = ADC address) 


2-646 
ANALOG-TO-DIGITAL 
CONVERTERS 


BUSY 


AD 


DB11 
DBO 


INTn 


STRB 
Riii 


IRQn 


OMRO 


AD7886 


A15 
ADDRESS 
BUS 
AO 


ADDR 
ENCODE 


As 
CS 


CONVST 


RJW 
RD • 


DTACK 
BUSY 


AD7886* 


MC68000 
DBll 


CONVST 
CS 


BUSY 


DBll 


DBO 


CONVST 
CS 


RD 


DATA BUS 


'ADDITIONAL 
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AD7886-MC68000 
Applications that require conversions to be initiated by the 
microprocessor rather than an external timer may decode a 
CONVST signal from the address bus. An example is given in 
Figure 20 with the MC6S000 processor. A write instruction 
starts conversion while a read instruction reads the data when 
conversion is complete. A delay at least as long as the ADC con- 
version time must allowed between initiating a conversion and 
reading the ADC data into the processor. In Figure 20, BUSY is 
used to drive the processor into aWAIT 
state if the processor 
attempts to read data before conversion is complete. 


Conversion is initiated with a write instruction to the ADC: 


Move.W DO,ADC 
(ADC = ADC address) 


Data is transferred 
to the processor with a read instruction, 
BUSY will force the processor to WAIT for the end of conver- 
sion if a conversion is in progress. 


Figure 20. AD788~MC68000 Interface 


AD7886-Z·80/8085A 
For S-bit processors an extemallatch 
is required to store 4-bits 


of the conversion result (4 LSBs in Figure 21). The data is then 
read in two bytes: one read from the ADC and a second from 
the latch. 


Figure 21 shows a typical interface that is suitable for the Z-SO 
or the SOSSA.Not shown in the Figure is the S-bit latch needed 
to demultiplex the SOSSAcommon address/data bus. The follow- 
ing LOAD instruction reads the conversion result into the HL 
register pair. 


For the SOSSA- LHLD 
(ADC) 


For the Z-SQ-LDHL 
(ADC) 


(ADC = ADC address) 
(ADC = ADC address) 


This is a two byte read instruction. 
The fust byte to be read has 
to be the high byte (DBll 
to DB4). At the end of the f1l'Stread 
operation, the rising edge of CS and RD clocks the 4 LSBs into 
74HC374 latches. The second byte (4 LSBs) is then read from 
these latches. 
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Figure 21. AD788~Z-8018085A Interface 


AD7886 
APPUCATION 
HINTS 
Good printed circuit (PC) board layout is as important as the 
circuit design itself in achieving high speed AID performance. 
The AD7886's comparators are required to make bit decisions 
on an LSB size of 1.22 mY. To achieve this, the designer has to 
be conscious of noise both in the ADC itself and in the preced- 
ing analog circuitry. Switching mode power supplies are not rec- 
ommended as the switching spikes will feed through to the 
comparator causing noisy code transitions. Other causes of con- 
cern are ground loops and digital feedthrough from microproces- 
sors. These are factors which influence any ADC, and a proper 
PC board layout which minimizes these effects is essential for 
best performance. 


LAYOUT 
HINTS 
Ensure that the layout for the printed circuit board has the digi- 
tal and analog signal lines separated as much as possible. Take 
care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 


Establish a single point analog ground (star ground) separate 
from the logic system ground at the AD7886 AGND or as close 
as possible to the AD7886. Connect all other grounds and the 
AD7886 DGND to this single analog ground point. Do not con- 
nect any other digital grounds to this analog ground point. 


Low impedance analog and digital power supply common re- 
turns are essential to low noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. The circuit layout of Figures 
25 and 26 have both analog and digital ground planes which are 
kept separated and only joined together at the AD7886 AGND. 


NOISE 
Keep the input signal leads to VIN and signal return leads from 
AGND as short as possible to minimize input noise coupling. In 
applications where this is not possible, use a shielded cable be- 
tween the source and the ADC. Reduce the ground circuit im- 
pedance as much as possible since any potential difference in 
grounds between the signal source and the ADC appears as an 
error voltage in series with the input signal. 


DATA ACQUISITION 
BOARD 
Figure 23 shows a typical data acquisition circuit designed for a 
microprocessor environment. 
The corresponding 
PC board lay- 
out and silkscreen are shown in Figures 24 to 26. 


The analog input to the AD7886 is buffered with an AD845 op 
amp. There is a component grid provided near the analog input 
on the PC board which may be used for an antialiasing fl1ter or 
any other conditioning circuitry. To facilitate this option, a link 
(labeled LK4) is required on the analog input. 


An AD586 voltage reference and an AD707 op amp provide the 
appropriate reference biasing required by the AD7886. The 
ADC's data outputs are buffered with 74HC374 latches. These 
provide data bus isolation and improve data access time. Data 
access time is reduced to under 30 ns allowing interfacing to 
practically any microprocessor including the high speed DSP 
processors. Data format can either be a complete parallel load 
for 16-bit processors or a two-byte load for 8-bit processors. 


INTERFACE 
CONNECTIONS 
There are two connectors labeled SKT3 and SKT4. SKT3 is a 
%-contact (3-row) connector which is directly compatible with 


the ADSP-2Ioo evaluation board prototype expansion connector. 
The expansion connector on the ADSP-2Ioo board has eight 
decoded chip enable outputs labeled ECEI to ECE8. ECE6 is 
used to select the AD7886 data acquisition board. To avoid se- 
lecting on-board RAM sockets at the same time, LK6 on the 
ADSP-2Ioo board must be removed. In addition, the ADSP- 
2100 expansion connector has four interrupts 
labeled EIRQO to 
EIRQ3. The AD7886's BUSY output connects to EIRQO. 
SKT3 pin out is shown in Figure 23. 


Data format to the ADSP-2Ioo connector is left justified, i.e., 
DBll 
of the conversion result is connected to DMDI5 
of the 
connector. DMD3 to DMDO are always zero. 


SKT4 is a 22-way (2 row) pin-header connector. This connector 
contains all the signal contacts as SKT3 with the exception of 
EDMACK and the 4 trailing zeros of the 16-bit data word. Only 
the 12-bit conversion results go to SKT4. The pinout is shown 
in Figure 22. 
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POWER SUPPLY 
CONNECTIONS 
The PC board requires two analog power supplies and one 5 V 
digital supply. Connections to the analog supply are made di- 
rectly to the PC board as shown on the silkscreen in Figure 24. 
The connections are labeled V+ and V-, 
and the range for 
both of these supplies is 12 V to 15 V. Connection to the 5 V 
digital supply is made through either of the two connectors 
(SKT3 or SKT4). The ±5 V analog supplies required by the 
AD7886 are generated from voltage regulators on the V-and 
V+ power supplies. 


LINK OPTIONS 
There are five link options, labeled LKI to LK5 which must be 
set before using the board. 


LKI Input Range Select 
The AD7886 can accommodate three possible analog input 
ranges: 0 to 5 V, 0 to 10 V and ± 5 V. The link options are as 
follows: 
o to 5 V 
o to 10 V 
±5V 


Use Link C 
Use Link B 
Use Link A 


LK2 and LK3 Control Input Options 
The evaluation board includes two latches to increase the data 
access time when interfacing to the faster DSP machines. If 
these latches are not required, 
they may be removed and the 
data digital paths shorted out, i.e., latch inputs Dx shorted to 
outputs Qx using wire links in the latch sockets. When using 
the latches, the AD7886 control inputs, CS and RD, must be 
tied low via links 2 and 3. The latches are updated by the rising 
edge of the BUSY signal at the end of every conversion. Data is 
then read by asserting the latch output enable signals. The alter- 
native is to remove the latches and assert the ADC's control in- 
puts from either of the connectors, 
SKT3 or SKT4, as outlined 
in the data sheet. 
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LK4 Analog Input Option 
LK4 connects the analog input to a component grid or to a 
buffer amplifier which drives the ADC input. 


LKS 
Data format can be 16-bits parallel or two bytes for 8-bit proces- 
sors. There are two data enable controls for the 74HC374 
latches, labeled OUTI 
and OUT2. OUTI enables the 8 MSBs 
(IC8), and OUT2 enables the 4 LSBs (lC9). Link options are: 
for 16-bit format, include LKS and for a two byte read format, 
remove LKS. 
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Figure 26. PC Board Solder Side Layout for Figure 23 
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FEATURES 
Fast 12-Bit 
ADC with 
10 JJ.sConversion 
Time 
Eight 
Single-Ended 
Analog 
Input 
Channels 
±10 
V Input 
Range 
Allows 
Separate 
Access 
to Multiplexer 
and ADC 
On-Chip 
Track/Hold 
Amplifier 
High 
Speed. 
Flexible. 
Serial 
Interface 
Single 
Supply 
Operation 
Low 
Power. 
50 mW 
max 
in Normal 
Operation 
Power-Down 
Mode 


GENERAL 
DESCRIPTION 
The AD7890 is an eight-channel 
12-bit data acquisition s stem. 
The part contains an input multiplexer, 
aILon:chip n:acil1hold 
amplifier, a high speed 12-bit ADC and a high 
peed serial 
interface. The part operates from 
ilgle + 5 
suPgly 
d 
accepts an analog input range of ± I 
V. 


The multiplexer on the part is independentl 
a 
allows the user to insert an antialiasing filter, if 
mred, 
between the multiplexer and the ADC. This means that one 
antialiasing filter can be used for all eight channels. Connection 
of an external capacitor allows the user to adjust the time given 
to the multiplexer settling to include any external delays in this 
antialiasing filter. 


Output data from the AD7890 is provided via a high speed bidi- 
rectional serial interface port. The part contains an on-chip con- 
trol register, allowing control of channel selection, conversion 
start, power-down, etc., via the serial port. Versatile, high speed 
logic ensures easy interfacing to serial ports on microcontrollers 
and digital signal processors. 


In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the AD7890 is also speci- 
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio. 


Power dissipation in normal mode is low at 30 mW typ, and the 
part can be placed in a standby (power-down) mode if it is not 
required to performed conversions. The AD7890 is fabricated in 
Analog Devices' Linear Compatible CMOS (LC2MOS) process, 
a mixed technology process that combines precision bipolar 
circuits with low power CMOS logic. The part is available in a 
24-pin, 0.3" wide, plastic or hermetic dual-in-line package or in 
a 24-pin small outline package (SOIC). 


LC2MOS 8-Channel, 
12-Bit 
Serial, Data Acquisition System 


AD7890 
I 
• 


'PRODUCT 
HIGHLIGHTS 
Co· 
lete 12- it Data Acquisition System on a Chip 
T e AD7890 is a complete monolithic ADC combining an 
eig t-channel multiplexer, 
12-bit ADC and a track/hold 
amplifier on a single chip. 


2. Separate Access to Multiplexer and ADC 
The AD7890 provides access to the output of the multiplexer 
allowing the user to insert an antialiasing ftlter berween the 
multiplexer and the ADC. This allows one antialiasing filter 
for eight channels-a 
considerable saving over the eight 
antialiasing filters required if the multiplexer was internally 
connected to the ADC. 


3. High Speed Serial Interface 
The part provides a high speed serial interface for easy con- 
nection to serial ports of microcontrollers 
and DSP proces- 
sors. An on-chip control register is programmed 
via this 
bidirectional serial port. 


This information 
applies to a product 
under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 
Analog 
Devices assumes no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 


AD7890 -SPECIFICATIONS 


(Voo = +5 
V, AGND = DGND = 0 V, REF IN = +2.5 
V, fClKIN = 2.5 MHz 


external, MUXOUTconnected to SHA IN. All specifications TM1N to TMAX 
unless otherwise noted) 


Parameter 
A Versionl 
B Version 
S Version 
Units 
Test Conditions/Comments 


DYNAMIC 
PERFORMANCE 
Any Channel 
Signal-to-Noise 
Ratio @ + 25°C 
70 
72 
70 
dB min 
fIN = 10 kHz Sine Wave, fSAMPLE= 83 kHz 


TM1N 
to TMAX 
70 
70 
70 
dB min 
Total Harmonic 
Distortion 
-80 
-80 
-80 
dB max 
fIN = 10 kHz Sine Wave, fSAMPLE= 83 kHz 


Peak Harmonic 
or Spurious Noise 
-81 
-81 
-81 
dB max 
fIN = 10 kHz Sine Wave, fSAMPLE= 83 kHz 


Intermodulation 
Distortion 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE= 83 kHz 


2nd Order Terms 
-80 
-80 
-80 
dB typ 
3rd Order Terms 
-80 
-80 
-80 
dB typ 
Channel-to-Channel 
Isolation 
-80 
-80 
-80 
dB max 
fIN = I kHz Sine Wave 


DC ACCURACY 
Any Channel 
Resolution 
12 
12 
12 
Bits 


Minimum 
Resolution 
for Which 
No Missing Codes Are Guaranteed 
12 
12 
12 


Relative Accuracy 
±1 
±1/2 
±1 


Differential 
Nonlinearity 
±1 
±1 
±1 


Positive Full-Scale Error' 
±1 
±1 
±1 


Negative Full-Scale Error' 
±1 
±1 
±I 


Full-Scale Error Match' 
I 
I 
I 
Bipolar Zero Error 
±I 
±I 
±I 


Bipolar Zero Error Match 
1 


ANALOG 
INPUTS 
Input Voltage Range 
±10 
±10 
Input Current 
±600 
±600 


MUX OUT OUTPUT 
Output 
Voltage Range 
Output 
Resistance 


SHAIN 
INPUT 
Input Voltage Range 
Input Current 


REFERENCE 
INPUT 
Input Voltage Range 
2.5 V ± 5% 


Input Current 
Varies with ADC Code 


Input Capacitance3 


LOGIC INPUTS 
Input High Voltage, VINH 
2.4 
2.4 
2.4 
Vrnin 
Vnn 
= 5 V ± 5% 


Input Low Voltage, VINL 
0.8 
0.8 
0.8 
Vmax 
Voo 
= 5 V ± 5% 


Input Current, IXN 
±10 
±10 
±IO 
fLAmax 
VIN = OVtoVnn 
Input Capacitance, 
CIN 


3 
10 
10 
10 
pF max 


LOGIC OUTPUTS 
Output 
High Voltage, VOH 
4.0 
4.0 
4.0 
Vmin 
ISOURCE= 40 fLA 
Output 
Low Voltage, VOL 
0.4 
0.4 
0.4 
Vmax 
ISINK = 1.6 mA 
Serial Data Output 
Coding 
2s COMPLEMENT 


CONVERSION 
RATE 
Conversion Time 
10 
10 
10 
~s max 
fCLKIN = 2.5 MHz, MUX OUT 
Connected 
to SHA IN 
TrackIHold 
Acquisition 
Time 
~s max 


POWER 
REQUIREMENTS 
Vnn 
+5 
+5 
+5 
V nom 
± 5% for Specified Performance 
Inn (Normal Mode) 
10 
10 
10 
mA max 
Inn (Standby Mode) 
500 
500 
500 
fLAmax 
Logic Inputs 
= 0 V or Vnn 
Power Dissipation 
(Normal Mode) 
50 
50 
50 
mWmax 
Typically 30 mW 
Power Dissipation 
(Standby Mode) 
2.5 
2.5 
2.5 
mWmax 
Typically 
1 mW 


NOTES 
lTemperature ranges are as follows: A, B Versions: -40°C to +85°C; S Version: -55°C to + 125°C. 
2Measured with respect to 4 x REF IN voltage and is calculated after the bipolar zero error has been adjusted out. 
3Sample tested @ +25°C to ensure compliance. 
Specifications subject to change without notice. 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 


Pin 
Mnemonic 


VIN1-VIN8 


Voo 
AGND 
DGND 
SCLK 


Description 


Analog Input Channels. These input channels provide eight single-ended inputs. The analog input range on 
each channel is :dO V. The channel to be converted is selected using the AO, Al and A2 bits in the control 
register. The multiplexer has guaranteed break-before-make 
operation. 
Multiplexer Output. 
The output of the multiplexer appears at this pin. The output voltage range from this 


output is 0 to + 2.5 V for a ±10 V analog input to the selected channel. The output impedance of this 
output is nominally 3.5 kn. 
If no external antialiasing filter is required, MUX OUT should be connected 
to SHA IN. 
Track/Hold 
Input. The input to the on-chip track/hold is applied to this pin. It is a high impedance input, 


and the input voltage range is 0 V to +2.5 V. 
Voltage Reference Input. The reference voltage for the part is applied to this pin. The input impedance of 
this reference input varies with the analog input voltage and REF IN should, therefore, be driven from a 
low impedance source. The nominal reference voltage for correct operation of the AD7890 is +2.5 V. 
Positive supply voltage, + 5 V ± 5%. 
Analog Ground. Ground reference for tracklhold, 
comparator and D C. 


Digital Ground. Ground reference for digital circuitry. 
Serial Clock Input. In the external clocking (slave) mo~ 
see DIGITAL 
INTERFACE 
section) this is an 
externally applied serial clock which is used to load sedal data to the control register and to access data 
from the output register. In the self-clocking (ma ter) mode, the internal serial clock, which is derived from 
the clock input (CLK IN), appears on this pin. Once aga'ip.,it is used to load serial data to the control 
register and to access data from the OUtput register'. 
Transmit 
Frame Synchronization 
Pulse. Active 10 
logicJnput 
with serial data expected after the falling 
edge of this signal. 


Serial Data Input. 
SerIal data to be load 
tj) the control regi ter is provided at this input. The first six bits 
of serial data are loaded to tl;recontrol register on the 
t six falling edges of SCLK after TFS goes low. 


Serial data on subsequent 
SCLK edges is igno)'ed 
hile'TFS 
remains low. 
Receive Frame Synchronization 
Pulse. In the exteJ:J1alclocking mode, this pin is an active low logic input 
with RFS provided externally as a strobe or framing pulse to access serial data from the output register. In 
the self-clocking mode, it is an active low output which is internally generated and provides a strobe or 
framing pulse for serial data from the output register. For applications which require that data be 
transmitted 
and received at the same time, RFS and TFS should be connected together. 


Serial Data Output. 
Sixteen bits of serial data are provided with one leading zero, preceeding the three 
address bits of the Control register and the 12-bits of conversion data. Serial data is valid on the falling 
edge of SCLK for sixteen edges after RFS goes low. Output coding from the ADC is 2s complement. 
Convert Start. Edge-triggered 
logic input. A low to high transition on this input puts the track/hold into 
hold and initiates conversion provided that the internal one-shot has timed out (see Control Register 
section). If the internal pulse is active when the CONVST goes high, the tracklhold will not go into hold 
until the pulse times out. 1£the internal pulse has timed out when CONVST goes high, the rising edge of 
CONVST drives the tracklhold into hold and initiates conversion. 
Clock Input. An external TTL-compatible 
clock is applied to this input pin to provide the clock source for 
the conversion sequence. In the self-clocking serial mode, the SCLK output is derived from this CLK IN 
pin. 


External Capacitor. An external capacitor is connected to this pin to determine the length of the internal 
one-shot pulse (see CONVST input and Control Register section). Larger capacitances on this pin extend 
the pulse to allow for settling-time delays through an external antialiasing filter or signal conditioning 
circuitry. 


No Connect. Do not connect anything to this pin. 


• 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


A2 
Address Input. This input is the most significant address input for multiplexer channel selection. 
Al 
Address Input. This is the 2nd most significant address input for multiplexer channel selection. 


AO 
Address Input. Least significant address input for multiplexer channel selection. When the address is written to the control 
register, an internal one-shot is initiated, the pulse width of which is determined 
by the value of capacitance on the CEXT 
pin. When this pulse is active, it ensures the conversion process cannot be activated. This allows an external antialiasing 
filter (the output of which appears at SHA IN) to settle before the track/hold goes into hold and conversion is initiated. 
When this pulse times out, the track/hold goes into hold and conversion is initiated. 


CONV 
Conversion Start. Writing a I to this bit initiates a conversion in a similar manner to the CONVST input. Continuous 
conversion starts do not take place when there is a I in this location. The internal one-shot and the conversion process are 
initiated on the next clock edge after a I is written to this bit. With a 1 in this bit, the hardware conversion start, i.e., the 
CONVST input, is disabled. Writing a 0 to this bit enables the hardware CONVST input. 


SallC 
Master/Slave Selection. Writing a 0 to this bit puts the AD7890 into its self-clocking (master) mode where the SCLK and 
RFS pins are outputs and the AD7890 effectively acts as a master in a serial system. This self-clocking mode is useful for 
connection to shift registers and the serial ports of DSP processors. Writing a I to this bit puts the AD7890 serial interface 
into its external clocking (slave) mode where the SCLK and RFS pins are both inl1ut 
nd the AD7890 effectively acts as a 
slave to a microprocessor in a serial system. This external clocking mode is u 
~ 
nnection to the serial port of 
microcontrollers 
such as the 8XC51 and the 68HCXX and for connecti 
0 
ial 
rts of DSP processors. The 
AD7890 powers up in its external clocking mode. 


STBY 
Standby Mode Input. Writing a I to this bit places the d :vict . 
places the device in its normal operating mode. 


CIRCUIT 
DESCRIPTION 
The AD7890 is an eight-channel, 
12-bi 
rial 
system. It provides the user with signal sealing, 
u1ti 
track/hold, ND converter and versatile serial logic 
~ 
on 
a single chip. The signal scaling allows the part to handle ± 10 V 
input signals while operating from a single + 5 V supply. The 
part requires an external +2.5 V external reference. 


Unlike other single chip solutions, the AD7890 provides the 
user with separate access to the multiplexer and the ND con- 
verter. This means that the flexibility of separate multiplexer 
and ADC solutions is not sacrificed with the one-chip solution. 
With access to the multiplexer output, the user can implement 
external signal conditioning between the multiplexer and the 
track/hold. 
It means that one antialiasing filter can be used to on 
the output of the multiplexer to provide the antialiasing function 
for all eight channels. The extra settling time introduced into 
the circuit by the external circuitry can be allowed for by the 
AD7890 by connecting a single capacitor to the CEXT pin. If no 
external signal conditioning is required, the multiplexer output 
(MUX OUT) can simply be connected directly to the track! 
hold input (SHA IN). 


A serial write to the control register selects the input channel to 
be converted. When the three address bits are written to the 
control register, an internal pulse is initiated. This disables the 
track/hold from going into hold and also disables conversion 
from being initiated. The duration of the internal pulse allows 
for the settling time of the on-chip multiplexer. 
By connecting 
different values of capacitor for the CEXT pin, this internal pulse 
can be stretched to cater for the settling time of external compo- 
nents between the MUX OUT and SHA IN pins. 


nl;5 t e pulseJ\l!s been timed out, conversion can be initiated 
o 
tfie AiT;) eOI\v 
r. The conversion can be initiated by puls- 
ing the 
VS 
mput or by writing to the CONY bit of the 
Con 
Register. If the conversion start command is coincident 
tll t e multiplexer write or occurs while the internal pulse is 
tive, the track/hold will not go into hold and conversion will 
not be initiated until the internal pulse has timed out. 


The AD7890 provides separate channel select and conversion 
start control. This allows the user to optimize the throughput 
rate of the system. Once the track/hold has gone into hold mode 
the input channel can be updated and the input voltage can set- 
tle to the new value while the present conversion is in progress. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


DIGITAL INTERFACE 
The AD7890's serial communications 
port provides a flexible 
arrangement to allow easy interfacing to industry standard mi- 
croprocessors, 
microcontrollers 
and digital signal processors. A 
serial read to the AD7890 accesses data from the output register 
via the DATA OUT line. A serial write to the AD7890 writes 
data to the Control Register via the DATA IN line. 


Two different modes of operation are available, optimized for 
different types of interface where the AD7890 can either act as 
master in the system (it provides the serial clock and data fram- 
ing signal) or act as slave (an external serial clock and framing 
signal can be provided to the AD7890). These two modes, la- 
belled self-clocking mode and external clocking mode, are dis- 
cussed in detail in the following sections. Note, the AD7890 
powers up in its external clocking mode. A Logic 0 must be 
written to the SCIEC bit of the control register to place the part 
in its self-clocking mode. 


Self·Clocking 
Mode 
The AD7890 is configured for its self-clocking mode by writing 
a 0 to the SCIEC bit of the control register. In this mode, the 
AD7890 provides the serial clock signal and the serial data fram- N 
ing signal used for the transfer of data from the AD7890. Thi 
self-clocking mode can be used with processors which aIIo 
n 
external device to clock their serial port including 
st 
t 
signal processors. 
~ 
~ 


RFS(O) 
~~ 


Read Operation 
Figure I shows a timing diagram for reading from the AD7890 
in the self-clocking mode. At the end of conversion, RFS goes 
low and the serial clock (SCLK) and serial data (DATA OUT) 
outputs become active. Sixteen bits of data are transmitted 
with 
one leading zero, followed by the three address bits of the Con- 
trol Register, followed by the 12 bit conversion result starting 
with the MSB. Serial data is clocked out of the device on the 
rising edge of SCLK and is valid on the falling edge of SCLK. 
The RFS output remains low for the duration of the sixteen 
clock cycles. When RFS returns high, the serial clock and serial 
data outputs are disabled. 


Write Operation 
Figure 2 shows a write operation to the Control Register of the 
AD7890. The TFS input goes low to indicate to the part that a 
serial write is about to occur. TFS going low initiates the SCLK 
output, and this is u 
d to clock data out of the processors serial 
port and into 
rol Register of the AD7890. The AD7890 
Control 
e 
t 
equ' 
s only six bits of data. These are loaded 


SI 
I 
cycles of the serial clock with data on all 
tl ock c cles being ignored. Serial data to be written 
789 
be valid on the falling edge of SCLK. 
• 


ff~ 
ff~·-- 


TFS(I) I 
r-- 
~.-----------f'f-.l 


ff~ 
ff~ 


Figure 2. Self-Clocking (Master) Mode Control Register 
Write 
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External Clocking Mode 
The AD7890 is configured for its external clocking mode by 
writing a I to the SCIEC bit of the Control Register. In this 
mode, SCLK and RFS of the AD7890 are configured as inputs. 
This external-clocking 
mode is designed for direct interface to 


systems which provide a serial clock output which is synchro- 
nized to the serial data output including microcontrollers 
such as 
the 8OCSI, 87CSI, 68HCll 
and 68HCOS and most digital signal 
processors. 


Read Operation 
Figure 3 shows the timing diagram for reading from the 
AD7890 in the external clocking mode. RFS goes low to access 
data from the AD7890. The serial clock input does not have to 
be continuous. 
The serial data can be accessed in a number of 
bytes. However, RFS must remain low for the duration of the 
data transfer operation. Once again, sixteen bits of data are 
transmitted 
with one leading zero, followed by the three address 


bits in the Control Register, followed by the 12-bit conversion 
result starting with the MSB. Serial data is clocked out of the 
device on the rising edge of SCLK and is valid on the falling 
edge of SCLK. If a serial read from the output register is in 
progress when conversion is complete, the updating of the out- 
put register is deferred until the serial data read is complete. 


Write Operation 
Figure 4 shows a write operation to the Control Register of the 
AD7890. As with the self-clocking mode, the TFS input goes 
low to indicate to the part that a serial write is about to occur. 
The AD7890 control register requires only six bits of data. 
These are loaded on the first six clock cycles of the serial clock 
with data on all subsequent clock cycles being ignored. Serial 
data to be written to the AD7890 must be valid on the falling 
edge of SCLK. 


Figure 3. Exter al Clocking (Slave) 
ode Outpu Register 
Read 


H~ 
H~ 


Figure 4. External Clocking (Slave) Mode Control Register 
Writer 
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LC2MOS 8-Channel, 12-Bit 
Parallel Data Acquisition System 


AD7891 
I 


FEATURES 
Fast 12-Bit ADC with 10 J.LsConversion Time 
Eight Single-Ended Analog Input Channels 
±10 V Input Range 
Allows Separate Access to Multiplexer and ADC 
On-Chip Track/Hold Amplifier 
High Speed Parallel Interface 
Single Supply Operation 
Low Power. 50 mW max in Normal Operation 
Power-Down Mode 


GENERAL DESCRIPTION 
The AD7891 is an 8-channel IZ-bit data acquisition system with 
a parallel interface structure. 
The part contains an input multi- 
plexer, an on-chip track/hold amplifier, a high speed IZ-bit 
ADC and a high speed parallel interface. The part operates fro 
a single +5 V supply and accepts an analog input range of 
±10 V. 


The multiplexer on the part is independently 
a~ 
allows the user to insert an antialiasing fJllCE, 
r 
tween the multiplexer and the ADC. 
aliasing fJlter can be used for all ei 
tee 
. 
0 
an external capacitor allows the user 
adjust the 
the multiplexer settling to include an 
exte 
dela 
antialiasing fJlter. 


The AD7891 has standard control inputs and fast data access 
times which ensure easy interfacing to modem microprocessors 
and digital signal processors. 


In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the part is also specified for 
dynamic performance parameters including harmonic distortion 
and signal-to-noise ratio. 


Power dissipation in nomtal mode is low at 30 mW typ, while 
in the standby mode this is reduced to I mW typo The AD7891 
is fabricated in Analog Devices' Linear Compatible CMOS 
(LC2 MOS) process, a mixed technology process that combines 
precision bipolar circuits with low power CMOS logic. The part 
is available in a 44-pin plastic quad flat-pack (PQFP) and a 44- 
lead ceramic quad flat pack (CERQUAD). 


V1N1 
• 


STANiiiY 
v1N> 


V1N3 
CEXT 


V,N4 


v,,, 


v,'" 
DBO 


DB11 


CLKIN 


DGND 


AGND 
AGND 


PRODUCt' 
lUGHLIGHTS 
1. 
0 
pIe 
lZ-Bit Data Acquisition System on a Chip 
e 
D7891 is a complete monolithic ADC combining an 
.channel multiplexer, 
IZ-bit ADC and a track/hold amplifier 
on a single chip. 


Z. Separate Access to Multiplexer and ADC 
The AD7891 provides access to the output of the multiplexer 
allowing the user to insert an antialiasing fJlter between the 
multiplexer and the ADC. This allows one antialiasing fJlter 
for eight channels-a 
considerable saving over the eight 
antialiasing fJlters required if the multiplexer were intemally 
connected to the ADC. 


3. Fast Microprocessor Interface 
The part offers a high speed, parallel interface for easy con- 
nection to microprocessors, 
16-bit microcontrollers 
and digi- 
tal signal processors. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


Parameter 
A Venion' 
B Venion 
S Venion 
Units 
Te~Con~tionwCoaunents 


DYNAMIC 
PERFORMANCE 
Any Channel 
Signal-ta-Noise 
Ratio @ +2S"C 
70 
72 
70 
dB min 
fIN = 10 kHz Sine Wave, fSAMPLE= 83 kHz 


TMlN to TMA)( 
70 
70 
70 
dB min 
Total Harmonic 
Distortion 
-80 
-80 
-80 
dB max 
fIN = 10 kHz Sine Wave, fSAMPLE= 83 kHz 
Peak Harmonic 
or Spurious Noise 
-81 
-81 
-81 
dB max 
fIN = 10 kHz Sine Wave, fSAMPLE= 83 kHz 
Intermodulation 
Distortion 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE= 83 kHz 
2nd Order Terms 
-80 
-80 
-80 
dBtyp 
3rd Order Terms 
-80 
-80 
-80 
dBtyp 
Channel-to-Channel 
Isolation 
-80 
-80 
-80 
dBmax 
fIN = I kHz Sine Wave 


OCACCURACY 
Any Channel 


Resolution 
12 
12 
12 
Bits 
Minimum 
Resolution 
for Which 
No Missing Codes Are Guaranteed 
12 
12 
12 
Relative Accuracy 
±I 
±1/2 
±I 


Differential 
Nonlinearity 
±I 
±I 
±I 


Positive Full-Scale Error 
±I 
±I 
±I 


Negative Full-Scale Error 
±I 
±I 
±I 


Full-Scale Error Match' 
I 
I 
I 
Bipolar Zero Error 
±I 
±I 
±I 


Bipolar Zero Error Match 
I 
I 


ANALOG 
INPUTS 
Input Voltage Range 
±IO 
Input Current 
±600 


MUX OUT OUTPUT 
Output 
Voltage Range 
Output 
Resistance 


SHA IN INPUT 
Input Voltage Range 
Input Current 


REFERENCE 
INPUT 
Input Voltage Range 
2.375/2.625 
2.5 V ± 5% 
Input Current 
4 
Varies with ADC Code 
Input Capacitance' 
10 


LOGIC INPUTS 
Input High Voltage, VINR 
2.4 
2.4 
2.4 
Vmin 
Voo = 5 V ± 5% 
Input Low Voltage, VINL 
0.8 
0.8 
0.8 
Vmax 
Voo = 5 V ± 5% 
Input Current, 
IIN 
±1O 
±1O 
±1O 
I-IA max 
VIN = OVtoVoo 
Input Capacitance, 
CIN, 
10 
10 
10 
pF max 


LOGIC OUTPUTS 
Output 
High Voltage, VOR 
4.0 
4.0 
4.0 
Vmin 
IsoURCE = 40 IJ-A 
Output 
Low Voltage, VOL 
0.4 
0.4 
0.4 
Vmax 
ISINK = 1.6 mA 
DBll-DBO 
Output 
Coding 
2s Complement 
Floating-State 
Leakage Current 
±1O 
±IO 
±1O 
I-IA max 
Floating-State 
Capacitance' 
IS 
IS 
IS 
pFmax 


CONVERSION 
RATE 
Conversion 
Time 
10 
10 
10 
IJ-Smax 
1O.K IN = 2.5 MH2, MUX OUT Connected 
to SHA IN 
Trac1<JHold Acquisition 
Time 
2 
2 
2 
IJ-Smax 


POWER 
REQUIREMENTS 
Voo 
+5 
+5 
+5 
V nom 
±S% for Specified Performance 
100 (Normal Mode) 
10 
10 
10 
mAmax 
100 (Standby Mode) 
500 
500 
500 
IJ-Amax 
Logic Inputs = 0 V or V00 
Power Dissipation 
(Normal Mode) 
SO 
SO 
SO 
mWmax 
Typically 30 mW 
Power Dissipation 
(Standby Mode) 
2.5 
2.5 
2.5 
mWmax 
Typically 
I mW 


NOTES 
'Temperature 
ranges are as follows: A, B Versions: -40"C to +8S"C; S Version: -5S'C 
to + 125"C. 
'Measured with respect to 4 x REF IN voltage and is calculated after the bipolar zero error has been adjusted out. 
3Sample 
tested 
@ + 250C to ensure 
compliance. 


Specifications subject to change without notice. 
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Pin 
Mnemonic 


VINCVIN8 


VDD 
AGND 
DGND 
AO 
Al 
Al 
WR 


CS 
RD 
EOC 


Description 


Analog Input Channels. These input channels provide eight single-ended inputs. The analog input range for each 
channel is ±10 V. The channel to be convened is selected by the Al, Al and AOinputs. The multiplexer has 
guaranteed break-before-make 
operation. 


Multiplexer Output. 
The output of the multiplexer appears at this pin. The output voltage range from this output is 
o to +2.5 V for a ± 10 V analog input to the selected channel. The output impedance of this output is nominally 
3.5 kG. If no external antialiasing ftlter is required, MUX OUT should be connected to SHA IN. 
TrackIHold 
Input. The input to the on-chip track/hold is applied to this pin. It is a high impedance input and the 
input voltage range is 0 V to +2.5 V. 
Voltage Reference Input. The reference voltage for the pan is applied to this pin. The input impedance of this 
reference input varies with the analog input voltage and REF IN should, therefore, be driven from a low impedance 
source. The nominal reference voltage for correct operation of the AD7891 is +2.5 V. 


Positive Supply Voltage, +5 V ±5%. 
Analog Ground. Ground reference for track/hold, 
comparator and 
Digital Ground. Ground reference for digital circuitry. 
Address Input. Least significant address input for m 
. I 
Address Input. This is the 2nd most significant a<l: 
Address Input. This input is the most si' 
, 


Write Input. Edge-triggered, 
active ow, I 
input also initiates an internal 
Ii 
the 
se 
CEXT pin. When this pul 
sures th 
antialiasing ftlter (th 
t 
conversion is initiat 
pulse active time, the 
ck/hol 
pulse times out. When this p 
se 
,.' 
the 
pulse has timed out prior to CON¥ST 
going hi 
, 
initiate conversion. 
Conven Stan. Edge-triggered 
logic input. A low to high transition on this input puts the track/hold into hold and 
initiates conversion, provided that the internal one-shot has timed out (see WR input). If the internal pulse is active 
when the CONVST goes high, the track/hold will not go into hold until the internal pulse times out. If the internal 
pulse has timed out when CONVST goes high, the rising edge of CONVST drives the track/hold into hold and 
initiates conversion. 
Chip Select. Active low logic input which is used in conjunction with RD to enable the data outputs. 
Read. Active low logic input which is used in conjunction with CS low to enable the data outputs. 
End-of-Conversion. 
Active low logic output indicating convener status. The end of conversion is signified by a 
low-going pulse on this line. The duration of this EOC pulse is nominally 500 ns. 
Clock Input. An external TTL-compatible 
clock may be applied to this input pin to provide the clock source for the 
conversion sequence. 
External Capacitor. An external capacitor is connected to this pin to determine the length of the internal one-shot 
pulse (see WR input). Larger capacitances on this pin extend the pulse to allow for settling-time delays through the 
external antialiasing ftlter. 


Standby Mode Input. TTL-compatible 
input which is used to put the device into the power save or standby mode. 


The STANDBY input is high for normal operation and low for standby operation. 
Data Bit 0 (LSB) to Data Bit 11 (MSB). Three-state TTL-compatible 
outputs. 
Output data coding from the AD7891 
is 2s complement. 
No Connect. Do not connect anything to this pin. 


• 


This information applies to a product under development. Its characteristics and specifications are subject to change without 
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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CIRCUIT DESCRIPTION 
The AD7891 is an 8-channel, lZ-bit parallel data acquisition 
system. It provides the user with signal scaling, multiplexer, 
lracklhold, 
AID converter and high speed parallel interface logic 
functions on a single chip. The signal scaling allows the part to 
handle ± 10 V input signals while operating from a single +5 V 
supply. The part requires an external +Z.5 V external reference. 


Unlike other single chip solutions, the AD7891 provides the 
user with separate access to the multiplexer and the AID con- 
verter. This means that the flexibility of separate multiplexer 
and ADC solutions is not sacrificed with the one chip solution. 
With access to the multiplexer output, the user can implement 
external signal conditioning between the multiplexer and the 
tracklhold. 
It means that one antialiasing filter can be used on 
the output of the multiplexer to provide the antialiasing function 
for all eight channels. The extra settling time introduced into 
the circuit by the external circuitry can be allowed for by the 
AD7891 by connecting a single capacitor to the CEXT pin. If no 
external signal conditioning is required, 
the multiplexer output 
(MUX OUT) can simply be connected directly to the lracklhold 
input (SHA IN). 


A write to the multiplexer address inputs (AO, AI, AZ) selects 
the input channel to be converted. When the three address bits 
are written to the part, an internal pulse is initiated. This dis- 
ables the lracklhold from going into hold and also disables con- 
version from being initiated. The duration of the in ern 
pulse 
allows for the settling time of the on-chip m~iip exec. 'By con- 
necting different values of capacitor fo :the <\Xi" 
in tills inter- 


nal pulse can be stretched to cater for the settling-time of exter- 
nal components between the MUX OUT and SHA IN pins. 


Once the pulse has been timed out, conversion can be initiated 
on the AID converter. The conversion is initiated by pulsing the 
CONVST input. If the conversion start command is coincident 
with the multiplexer write or occurs while the internal pulse is 
active, the tracklhold will not go into hold and conversion will 
not be initiated until the internal pulse has timed out. 


The AD7891 provides separate channel select and conversion 
start control. This allows the user to optimize the throughput 
rate of the system. Once the tracklhold has gone into hold mode, 
the input channel can be updated and the input voltage can set- 
tle to the new value while the present conversion is in progress. 


INTERFACEINFO~TION 
Figure 1 shows a timing diagram illustrating the operational se- 
quence of the AD7891. The multiplexer address is written to 
the AD7891 on the rising -edge of the WR input. The on-chip 
tracklhold goes into hold ,node on the rising edge of CONVST, 
and conversion is also initiated at this point. When conversion is 
complete, tli 
end of conversion line (EOC) pulses low to indi- 
cate that new di 
is available in the AD7891's output register. 


This EOC liJIe can be used to drive an edge-triggered 
interrupt 
of a microprocessor. 
CS an<lRD going low accesses the lZ-bit 
conversi9n 
sUIt. In 
rand-alone systems, the EOC pulse can be 
applied to ~e CS and RD inputs to latch data out of the 
Ap~891 and into an external latch or gate array. 


CS(I) 
L--.i 


Roll) 
U 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 
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LC2MOS 
Single Supply, 12-Bit, 5.5 fJ-s ADC 


AD7892 
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FEATURES 
Fast 12-Bit ADC with 5.5 fA.sConversion 
Time 
Single Supply Operation 
On-Chip Track/Hold 
Amplifier 
±10 V Input Range 
High Speed Serial and Parallel Interface 
Low Power. 50 mW 
• 


DBO 


DB8ISMODE 
DB9IRFS 


DB10iSDATA 
DBll/SCLK 


GENERAL DESCRIPTION 
The AD7892 is a high speed, low power, 12-bit AID con 
which operates from a single + 5 V supply. The; pam 
ntains a 
5.5 fJ.ssuccessive approximation 
ADC, 
() -c 'p tJll klhol 
amplifier and on-chip versatile inte 
ce sttlfctgJ'es which allOw 
both serial and parallel connection to a mi 
proc 
r. 
he 
accepts an analog input range of ±10 


The AD7892 offers a choice of two data output 
ormats: a sin 
gle, parallel, l2-bit word or serial data. Fast bus access times 
and standard control inputs ensure easy parallel interface to mi- 
croprocessors and digital signal processors. A high speed flexible 
serial interface allows direct connection to shift registers and to 
the serial ports of microcontrollers 
and digital signal processors. 


In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the part is also specified for 
dynamic performance parameters including harmonic distortion 
and signal-to-noise ratio. 


The part operates from a single + 5 V supply and accepts ±10 V 
input signals. Power dissipation for the part is low at 30 mW 
typical. 


The AD7892 is fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
It is available in a 24-pin, 0.3" wide, plastic or hermetic dual-in- 
line package or in a 24-pin small outline package (SOle). 


PRODUCT lUG 
IGHTS 
I 
Fa t ~ 
ersion Time 
h¢t 
D1892 features a conversion time of 5.5 fJ.sand a 
cklhold acquisition time of 1.5 fJ.s.This allows a through- 
pu 
l1Ite in 
xcess of 140 kHz and an input bandwidth 
in 
cess o( 7<J'k'Hz. 


2. Single Supply Operation 
The AD7892 operates from a single +5 V supply and con- 
sumes only 30 mW making it ideal for low power and porta- 
ble applications. 


3. Fast, Versatile Microprocessor Interface 
The part offers a high speed, flexible interface arrangement 
with parallel and serial interfaces for easy connection to mi- 
croprocessors, microcontrollers 
and digital signal processors. 


This information applies to a product under development. 
Its characteristics 
and specifications are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


Signal-to-Noise 
Ratio @ +25'C 
70 
72 
70 
dBmin 
fIN = 10 kHz Sine Wave, fSAMPLE= 140 kHz 
TMIN toTMAx 
70 
70 
70 
dB min 
Total Harmonic 
Distortion 
-SO 
-SO 
-SO 
dB max 
fIN = 10 kHz Sine Wave, fSAMPLE= 140 kHz 
Peak Harmonic 
or Spurious Noise 
-SI 
-SI 
-SI 
dB max 
fIN = 10 kHz Sine Wave, fSAMPLE= 140 kHz 
Intermodulation 
Distortion 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE= 140 kHz 
2nd Order Terms 
-SO 
-SO 
-SO 
dB max 
3rd Order Terms 
-SO 
-SO 
-SO 
dB max 


DC ACCURACY 
Resolution 
12 
12 
12 
Bits 
Minimum 
Resolution 
for Which 
No Missing Codes Are Guaranteed 
12 
12 
12 
Bits 
Relative Accuracy 
±I 
±l/2 
±I 
LSB max 
Differential 
Nonlinearity 
±I 
±I 
±I 
LSBmax 
Positive Full-Scale Error> 
±I 
±I 
±I 
LSBmax 
Negative Full-Scale Error> 
±I 
±I 
±I 
LSBmax 
Bipolar Zero Error 
±I 
±I 
±I 
LSB max 


ANALOG 
INPUT 
Input Voltage Range 
±1O 
±IO 
±1O 
Input Current 
±600 
±600 
±600 


REFERENCE 
INPUT 
Input Voltage Range 
2.37512.625 
Input Current 
700 
Input Capacitance' 
10 


LOGIC INPUTS 
Input High Voltage, VINH 
Input Low Voltage, VINL 
Input Current, 
IIN 
Input Capacitance, 
CIN, 


LOGIC OUTPUTS 
Output 
High Voltage, VoH 
4.0 
ISoURCE= 40 fLA 
Output 
Low Voltage, VOL 
0.4 
ISINK = 1.6 mA 
DBl1-DBO 
Floating-State 
Leakage Current 
±IO 
±IO 
±1O 
fLAmax 
Floating-State 
Capacitance' 
IS 
IS 
IS 
pF max 


CONVERSION 
RATE 
Conversion Time 
5.5 
5.5 
5.5 
fJ.Smax 
fCLKIN = 2.5 MHz 
TracklHold 
Acqnisition 
Time 
1.5 
1.5 
1.5 
I-Lsmax 


POWER 
REQUIREMENTS 
VDD 
+5 
+5 
+5 
V nom 
±5% for Specified Performance 
IDD 
10 
10 
10 
mAmax 
Power Dissipation 
50 
50 
50 
mWmax 
Typical1y 30 mW 


NOTES 
'Temperature 
ranges are as follows: A, B Versions: -4O'C to +S5'C; S Version: -55'C 
to + 125'C. 


2Measured with respect to 4 x REFIN voltage and is calculated after the bipolar zero error has been adjusted out. 
'Sample tested @ + 25'C to ensure compliance. 


Specifications 
subject 
to change 
without 
notice. 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices assumes 
no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed 
to in writing. 


Pin 
Mnemonic 


V1N 


REFIN 


VDD 
AGND 
DGND 


CONVST 


CS 


RD 
EOC 


Description 


Analog Input. The analog input range is ±10 V. 


Voltage Reference Input. The reference voltage for the part is applied to this pin. The input impedance of this 
reference input varies with the analog input voltage and REFIN 
should, therefore, be driven from a low 
impedance source. The nominal reference voltage for correct operation of the AD7892 is +2.5 V. 


Positive Supply Voltage, +5 V ±5%. 
Analog Ground. Ground reference for track/hold, 
comparator and DAC. 


Digital Ground. Ground reference for digital circuitry. 
Convert Start. Logic Input. A low to high transition on this input puts the track/hold into its hold mode and 
starts conversion. 
Chip Select. Active low logic input which is used in conjunction with RD to enable the data outputs. 


Read. Active low logic input which is used in conjunction with CS low t 
enable the data outputs. 


End-of-Conversion. 
Active low logic output indicating converter s 
e end of conversion is signified by a 
low going pulse on this line. The duration of this EOC pul 
is 
all 
00 ns. 


Clock Input. The externaiTIL-compatible 
clock is ap 
'e 
ut pin to provide the clock source for the 
conversion sequence. 
Mode. Control input which determines the . 
device is in its serial interface mode; witli 
.s 


Data Bit 0 (LSB) to Data Bit 7. 
outputs should be left unco 
c 
Data Bit 8/Serial Mode 
e 
t 
- evice i 
TIL-compatible 
!he de 
whether the part 0 
ates In its 
a logic high, the p 
IS m 
e 
mode is useful for connection 
s 
regist 
low, the part is in its External eIocking seri 
0 
with SCLK and RFS as inputs. This External Clocking mode 
is useful for connection to the serial port of mi 
ocontrollers such as the 8XC51 and the 68HCXX and for 
connection to the serial port of DSP processors. 
Data Bit 9/Receive Frame Synchronization. 
When the device is in its parallel mode, this pin is Data Bit 9, a 
three-state TIL-eompatible 
output. When the device is in its serial mode, this becomes the receive frame 
synchronization 
pulse which can be either an input or an output depending on the status of SMODE. With 
SMODE at a logic high, the part is in its Self-Clocking mode and RFS is internally generated by the device and 
is provided as an output to frame the valid serial data. With SMODE at a logic low, the part is in its External 
Clocking serial mode with RFS provided externally to obtain serial data from the AD7892. 
Data Bit 10/Seriai Data. When the device is in its parallel mode, this pin is Data Bit 10, a three-state 
TIL-compatible 
output. When the device is in its serial mode, this becomes the serial data output line. Sixteen 
bits of serial data are provided with four leading zeros preceding the 12-bits of valid data. Serial data is valid on 
the falling edge of SCLK for sixteen edges after RFS goes low. Output coding is 2s complement. 
Data Bit II/Serial Clock. When the device is in its parallel mode, this pin is Data Bit II(MSB), 
a three-state 
TIL-eompatible 
output. When the device is in its serial mode, this becomes the serial clock pin which is an 
input or an output depending on the status of SMODE. With SMODE at a logic high, SCLK is generated 
internally from the CLK input and is provided as an output. With SMODE at a logic low, SCLK is an input and 
an external serial clock must be provided at this pin to obtain serial data from the AD7892. Regardless of the 
status of SMODE, serial data is valid on the falling edge of SCLK for sixteen edges after RFS goes low. 
No Connect. Do not connect anything to this pin. 


• 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


CIRCUIT DESCRIPTION 
The AD7892 is a fast, 12-bit single supply AiD converter. It 
provides the user with signal scaling, tracklhold, 
AiD converter 
and versatile interface logic functions on a single chip. The sig- 
nal scaling allows the part to handle:±: 10 V input signals while 
operating from a single +5 V supply. The part requires an ex- 
ternal +2.5 V external reference. 


Conversion is initiated on the AD7892 by pulsing the CONVST 
input. On the rising edge of CONVST, 
the on-chip tracklhold 
goes from track to hold mode and the conversion sequence is 
started. Conversion time for the AD7892 is 5.5 I'-sand the 
tracklhold acquisition time is 1.5 I'-s. This allows the part to op- 
erate at throughput 
rates up to 140 kHz, while the input track! 
hold can handle input bandwidths 
in excess of the Nyquist crite- 
rion of 70 kHz. 


INTERFACING 
The part provides three interface options, one parallel and two 
serial. The parallel interface mode is selected by tying the 
MODE input to a logic high. The serial modes are selected by 
tying this pin to a logic low. With the MODE pin low, the 
DB8/SMODE, DB9IRFS, DBIO/SDATA and DBll/SCLK 
pins 
all assume their serial mode functions. SMODE becomes a logic 
input which selects whether the AD7892 operates in its Self- 
Clocking serial mode or in its External-Clocking 
serial mode. 
The three interface modes are discussed in the following 
sections. 


Parallel Interface 
Mode 
Figure I shows a timing diagram illustrating the operational se- 
quence of the AD7892. The on-chip tracklhold goes into hold 
mode on the rising edge of CONVST and conversion is also ini- 
tiated at this point. When conversion is complete, the end of 
conversion line (EOC) pulses low to indicate that new data is 
available in the AD7892's output register. This EOC line can be 
used to drive an edge-triggered interrupt 
of a microprocessor. 


CS and RD goi 
~sses 
the 12-bit conversion resul~n 
stand-alone s~ste 
e BeC pulse can be applied to the CS 
an<!.BD'inputs 
0 
c 
data out of the AD7892 and into an ex- 
t¢ni8!;l!!teh ~ gate arra . 


This information applies to a product under development. 
Its characteristics 
and specifications are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


SERIAL INTERFACE 
The AD7892 is configured for serial mode interfacing by tying 
the MODE input low. The AD7892's serial communications 
port provides a flexible arrangement 
to allow easy interfacing to 
industry-standard 
microprocessors, 
microcontrollers 
and digital 
signal processors. It provides for a three-wire, serial link be- 
tween the AD7892 and the microprocessor. 
Two different 
modes of operation are available, optimized for different types of 
interface where the AD7892 can act either as master in the sys- 
tem (it provides the serial clock and data framing signal) or acts 
as slave (an external serial clock and framing signal can be pro- 
vided to the AD7892). These two modes, labelled Self-Clocking 
mode and External Clocking mode, are discussed in detail in the 
following sections. 


Self-Clocking 
Mode 
The AD7892 is configured for its self-clocking mode by tying 
the SMODE input high. In this mode, the AD7892 provides the 
serial clock signal and the serial data framing signal used for the 
transfer of data from the AD7892. This self-clocking mode can 
be used with processors which allow an external device to clock 
their serial port including most digital signal processors. 


Figure 2 shows a timing diagram for reading from the AD7892 
in the self-clocking mode. At the end of conversion, RFS goes 
• 
low and the serial clock (SCLK) and serial data (SDATA) out- 
puts become active. Sixteen bits of data are transmitted 
with 
four leading zeros followed by the 12 bit conversion result start- 
ing with the MSB. Serial data is clocked out of the device on 
the rising edge of SCLK and is valid on the falling edge of 
SCLK. The RFS output remains low for the duration of the 16 
clock cycles. When RFS returns high, the serial clock and serial 
data outputs are disabled. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


External-Clocking 
Mode 
The AD7892 is configured for its external-clocking 
mode by 
tying the SMODE input to a logic low. In this mode, SCLK 
and RFS of the AD7892 are configured as inputs. This extemal- 
clocking mode is designed for direct interface to systems which 
provide a serial clock output which is synchronized to the serial 
data output including microcontrollers 
such as the 80CSI, 
87CSI, 68HCll 
and 68HCOS and most digital signal processors. 


Figure 3 shows the timing diagram for reading from the 
AD7892 in the external-clocking mode. RFS goes low to access 


data from the AD7892. The serial clock input does not have to 
be continuous. 
The serial data can be accessed in a number of 
bytes. However, RFS must remain low for the duration of the 
data transfer operation. Once again, 16 bits of data are transmit- 
ted with 4 leading zeros followed by the 12 bit conversion result 
starting with the MSB. Serial data is clocked out of the device 
on the rising edge of SCLK and is valid on the falling edge of 
SCLK. If a serial read from the output register is in progress 
when conversion is complete, the updating of the output register 
is deferred until the serial data read is complete. 


RFS(I) 
~ 
r-- 
'-.---------H,----J 
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1IIIIIIII ANALOG 
WDEVICES 
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LC2MOS 12-Bit, Serial 
5.5 pS, ADC in a-Pin Package 


AD7a93 
I 


FEATURES 
Fast 12-Bit ADC with 5.5 •.•.s Conversion Time 
a-Pin Mini-DIP and SOIC 
Single Supply Operation 
High Speed, Easy-to-Use, Serial Interface 
On-Chip Track/Hold Amplifier 
±10 V Input Range 
Low Power, 50 mW max 
• 


GENERAL DESCRIPTION 
The AD7893 is a fast, 12-bit ADC which operl\t 
F ~ 
a sjngle 
+5 V supply and is housed in a small 8- . 
. ·!DIR ana 8-pin 
SOIC. The part contains a 5.5 •.•.s success'iv lIP 
xima ·on 
converter, an on-chip track/hold amplifier, 
on-chip cock and 
a high speed serial interface. 


Output data from the AD7893 is provided VIa '!rig 
peed, 
serial interface port. This rwo-wire serial interfa 
has a serial 
clock input and a serial data output with the external serial 
clock accessing the serial data from the part. 


In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the AD7893 is also speci- 
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio. 


The part accepts an analog input range of ± 10 V and operates 
from a single +5 V supply consuming only 30 mW. 


The AD7893 is fabricated in Analog Devices' linear compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The part is available in a small, 8-pin, 0.3" wide, plastic or her- 
metic dual-in-line package (mini-DIP) 
and in an 8-pin, small- 
outline IC (SOIC). 


PROD 
1. FL· 
it ADC in 8-Pin Package 
lie AD7893 contains a 5.5 •.•.s ADC, a track/hold amplifier, 


contJ;ol 
·c and a high speed serial interface, all in an 8-pin 
D 
. This;o 
ers considerable space saving over alternative 
solu· 
ns. 


w 
ower, Single Supply Operation 
The AD7893 operates from a single +5 V supply and con- 
sumes only 30 mW. This low power, single supply operation 
makes it ideal for battety-powered 
or portable applications. 
3. High Speed Serial Interface 
The part provides high speed serial data and serial clock lines 
allowing for an easy, rwo-wire serial interface arrangement. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


DYNAMIC 
PERFORMANCE 
Signal-to-Noise 
Ratio @ +25'C 
70 
72 
70 
dBmin 
fIN = 10 kHz Sine Wave, fSAMPLE= 140 kHz 
TMtN to TMAJ{ 
70 
70 
70 
dBmin 
Total Harmonic 
Distortion 
-80 
-80 
-80 
dBmax 
fIN = 10 kHz Sine Wave, fSAMPLE= 140 kHz 
Peak Harmonic 
or Spurious Noise 
-81 
-81 
-81 
dB max 
fIN = 10 kHz Sine Wave, fSAMPLE= 140 kHz 
Intermodulation 
Distortion 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE= 140 kHz 
2nd Order Terms 
-80 
-80 
-80 
dB max 
3rd Order Terms 
-80 
-80 
-80 
dB max 


DC ACCURACY 
Resolution 
12 
12 
12 
Bits 
Minimum 
Resolution for Which 
No Missing Codes Are Guaranteed 
12 
12 
12 
Bits 
Relative Accuracy 
±I 
±l/2 
±I 
LSB max 
Differential 
Nonlinearity 
±I 
±I 
±I 
LSB max 
Positive Full-Scale Error 
±I 
±I 
±I 
LSB max 
Negative Full-Scale Error 
±I 
±I 
±I 
LSB max 
Bipolar Zero Error 
±I 
±I 
±I 
LSB max 


ANALOG 
INPUT 
Input Voltage Range 
±IO 
±IO 
±1O 
Input Current 
±600 
±600 
±600 


REFERENCE 
INPUT 
Input Voltage Range 
2.375/2.625 
Input Current 
700 
Input Capacitance' 
10 


LOGIC INPUTS 
Input High Voltage, V1NH 
Input Low Voltage, VINL 
Input Current, 
IIN 
Input Capacitance, 
CIN, 


LOGIC OUTPUTS 
Output 
High Voltage, VOH 
IsouRCE = 40 ••.A 
Output 
Low Voltage, VOL 
ISINK = 1.6 mA 


CONVERSION 
RATE 


Conversion 
Time 
5.5 
5.5 
5.5 
~s max 
TrackIHold 
Acquisition 
Time 
1.5 
1.5 
1.5 
IJ.S max 


POWER 
REQUIREMENTS 
Voo 
+5 
+5 
+5 
V nom 
±5% for Specified Performance 
100 
10 
10 
10 
mAmax 


Power 
Dissipation 
50 
50 
50 
mWmax 
Typically 30 mW 


NOTES 
'Temperature 
ranges are as foUows: A, B Versions: -4O'C to +8SoC; S Version: -SS'C to +12S'C. 


2Measured with respect to 4 x REFIN voltage and is calculated after the bipolar zero error bas been adjusted out. 
'Sample tested @ + 2S'C to ensure compliance. 


Specifications 
subject 
to change 
without 
notice. 
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V1N 


REF IN 


Pin 
Mnemonic 
Description 


Voo 
AGND 
DGND 


SCLK 


Analog Input. The analog input range is ± 10 V. 


Voltage Reference Input. The reference voltage for the part is applied to this pin. The input inIpedance of this 
reference input varies with the analog input voltage and REFIN 
should, therefore, be driven from a low 
inIpedance source. The nominal reference voltage for correct operation of the AD7893 is +2.5 V. 
Positive Supply Voltage, +5 V ±50/0. 
Analog Ground. Ground reference for track/hold, 
comparator and DAC. 


Digital Ground. Ground reference for digital circuitry. 
Serial Clock Input. An external serial clock is applied to this input to obtain serial data from the AD7893. A new 
serial data bit is clocked out on the rising edge of this serial clock and data is valid on the falling edge. The serial 
clock input should be taken low at the end of the serial data transmission. 


Serial Data Output. 
Serial data from the AD7893 is provided at this output. The serial data is clocked out by the 
rising edge of SCLK and is valid on the falling edge of SCLK. Sixteen bit 
of serial data are provided with four 
leading zeros followed by the l2-bits of conversion data. The last bi of serial data clocked out in a read cycle (on 
the sixteenth rising edge of SCLK) will remain on the SDAT 
line unti 
the next serial data word is accessed. 


Convert Start. Edge-triggered 
logic input. A low to hi h 
is input puts the track/hold into its hold 
mode and starts conversion. 
• 


Conversion is.,mitiated on the AD7893 by pulsing the CONVST 
. 
ut. On the rising edge of CONVST, 
the on-chip track/hold 
goes'from track-to-hold 
mode and the conversion sequence 
~tarts. Conversion time for the AD7893 is 5.5 I-'sand the track! 
hold acquisition tinIe is 1.5 I-'s. This allows the part to operate 
at throughput 
rates up to 140 kHz, while the input track! 
hold can handle input bandwidths 
in excess of the Nyquist crite- 


rion of 70 kHz. 


This information applies to a product under development. 
Its characteristics 
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are subject to change without notice. 
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Serial Interface 
The serial interface to the AD7893 consists of just two wires, a 
serial clock input (SCLK) and the serial data output (SDATA). 
This allows for an easy-to-use interface to most microcontrollers, 
DSP processors and shift registers. 


Figure 1 shows the timing diagram for a read operation to the 
AD7893. The serial clock input (SCLK) provides the clock 
source for the serial interface. Serial data is clocked out from the 
SDATA line on the rising edge of this clock and is valid on the 
falling edge of SCLK. Sixteen clock pulses must be provided to 
the part to access to full conversion result. The AD7893 pro- 
vides four leading zeros followed by the 12-bit conversion result 
starting with the MSB (DBll). 
The last data bit to be clocked 


out on the final rising clock edge is the LSB (DBO). This bit 
will remain on the SDATA line until the next serial data read is 
performed to the AD7893. After this last bit has been clocked 
out, the SCLK input should return low and remain low until 
the next serial data read operation. 


The serial clock input does not have to be continuous during 
the serial read operation. The 16 bits of data (4 leading zeros 
and 12-bit conversion result) can be read from the AD7893 in a 
number of bytes. However, the SCLK input must remain low 
between the two bytes. 


If a serial read from the output register is in progress when 
conversion is complete, the updating of the output register is 
deferred until the serial read is completed. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


AD9000 


FEATURES 
77MSPS Encode Rate 
Bipolar Input Range 
Low Error Rate 
Overflow 
Bit 
MIL·STD·883 Compliant 
Versions Available 


APPLICATIONS 
OAM Telecommunications 
Electronic Warfare IECM. ECCM. ESMI 
Radar Guidance Digitizers 


GENERAL 
DESCRIPTION 
The AD9000 is a 6·bit, high speed, anaIog·to-digital converter 
with ECL compatible outputs and a bipolar input stage. The 
AD9000 is fabricated in a high-performance 
bipolar process 
which allows encode rates up to 77MSPS. 


The AD9000 employs the standard flash converter architecture 
based on 64 individual comparators which simultaneously 
deter- 
mine the precise analog signal level. The comparators are followed 
by two stages of decoding logic, allowing the AD9000 to operate 
with a very low error rate. The low 35pF input capacitance of 
the AD9000 greatly simplifies the analog driver stage. Also 
incorporated 
into the AD9000 design is an overflow output bit 
as well as a hysteresis control pin to modify comparator 
sensitivity . 


• 


=~:z 
mETO 
ptN 1'1 


The AD9000 is offered as both an commercial temperature 
raoge device 0 to + 70°C, and as an extended temperature 
range 


device - 55°C to + 125°C. Both versions are available packaged 
in a l6-pin ceramic DIP. The extended temperature 
range device 


is also available in a 28-pin ceramic LCC package. The extended 
temperature 
raoge versions are offered as fully compliant MIL- 
STD-883 Class B devices. 


Commercial 
Military 
Oto +700C 
- 55·C to + 125·C 
AD9000JD 
AD9000SD/SE 
Parameter 
Temp 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
6 
6 
Bits 


DC ACCURACY 


Differential Linearity 
+25"C 
0.25 
0.5 
0.25 
0.5 
LSB 
Full 
1.0 
1.0 
LSB 
Integral Linearity 
+ 25·C 
0.25 
0.5 
0.25 
0.5 
LSB 
Full 
1.0 
1.0 
LSB 
No Missing Codes 
Full 
GUARANTEED 
GUARANTEED 


INITIAL OFFSET ERROR 
Top of Reference Ladder 
+25·C 
0.3 
7/8 
0.3 
7/8 
LSB 
Full 
1.5 
I.S 
LSB 
Bottom of Reference Ladder 
+25·C 
0.25 
7/8 
0.25 
7/8 
LSB 
Full 
I.S 
1.5 
LSB 
Offset Drift Coefficient 
Full 
145 
145 
fJ.VrC 


ANALOG INPUT 
Input Voltage Range 
Full 
±2.0V 
±2.0V 
V 
Input Bias Current (Sampling)l 
Full 
800 
800 
fJ.A 
Input Bias Current (Latched)l 
Full 
20 
20 
fJ.A 
Input Resistance 
+ 25·C 
3.0 
3.0 
kO 
Input Capacitance 
+ 25·C 
35 
50 
35 
50 
pF 
Full Power Bandwidth2 
+ 25·C 
20 
20 
MHz 


REFERENCE 
INPUT'" 
Reference Ladder Resistance 
+ 25·C 
80 
200 
80 
200 
0 
Ladder Temperature Coefficient 
0.275 
0.275 
orc 
Reference Input Bandwidth 
+ 25·C 
20 
20 
MHz 


DYNAMIC PERFORMANCEs 
Conversion Rate 
+ 25·C 
50 
70 
75 
77 
MHz 
Conversion Time ( + 1Clock) 
+ 25·C 
20 
13.3 
ns 
Aperture Delay (tD) 
+ 25·C 
2 
2 
ns 
Aperture Uncertainty (Jitter) 
+ 25·C 
25 
25 
ps 
Output Propagation Delay (tpD)6 
+25·C 
8 
12 
8 
12 
ns 
Output Hold Time (toH)' 
+25·C 
8 
14 
8 
14 
ns 
Transient Response8 
+ 25·C 
13 
13 
ns 
Overvoltage Recovery Time9 
+ 25·C 
11 
11 
ns 
Output Rise TimelO 
+ 25·C 
5.0 
4.5 
ns 
Output Fall TimelO 
+ 25·C 
5.0 
4.5 
ns 
Output Time Skew 
+ 25·C 
0.4 
0.4 
ns 


ENCODE INPUT 
Logic "1" Voltage 
Full 
-1.1 
-1.1 
V 
Logic "0" Voltage 
Full 
-1.5 
-1.5 
V 
Logic" 1" Current 
Full 
100 
100 
fJ.A 
Logic "0" Current 
Full 
100 
100 
fJ.A 
Input Capacitance 
+ 25·C 
2.5 
5.0 
2.5 
5.0 
pF 
ENCODE Pulse Width High (tpww 
+ 25·C 
6.6 
6.6 
ns 
ENCODE Pulse Width Low (tpwd 
+ 25·C 
6.6 
6.6 
ns 


Commercial 
Military 
Oto +70"C 
- SS·C to + 12S·C 
AD9000JD 
AD9000SD/SE 
Parameter 
Temp 
Min 
Typ 
Mu 
Min 
Typ 
Mu 
Units 


AC LINEARITY" 
Dynamic Linearityl2 
+2S·C 
O.S 
0.5 
LSB 
In-Band Harmonics 


(DC to 1MHz) 
+2S·C 
44 
44 
dBc 


(IMHz to SMHz) 
+2S"C 
42 
42 
dBc 
(SMHzt08MHz) 
+2S"C 
38 
38 
dBc 
Signal to Noise Ratio" 
+2S·C 
31 
33 
31 
33 
dB 
Signal to Noise Ratiol4 
+2S·C 
40 
42 
40 
42 
dB 
Two Tone Intermodulation 
Rejection's 
+2S·C 
46 
46 
dBc 


Noise Power Ratio (NPR)16 
+2S·C 
30 
30 
dBc 


DIGITALOUTPUTSs 
Logic "1" Voltage 
Full 
-1.1 
-1.1 
V 
Logic "0" Voltage 
Full 
-1.5 
-1.S 
V 


POWERSUPPLyl7 


Positive Supply Current ( + S.OV) 
+2S·C 
60 
70 
60 
70 
mA 
Full 
7S 
7S 
mA 
Negative Supply Current ( - S.2V) 
+2S·C 
68 
80 
68 
80 
mA 
Full 
8S 
8S 
mA 
Nominal Power Dissipation 
+2S·C 
67S 
67S 
mW 
Reference Ladder Dissipation 
+2S"C 
20 
20 
mW 


NOTES 


lAIN = +VREPo 
'Delermined 
by 3dB reduction in reconstructed output at 75MSPS. 


3Under normal operating conditions, the analog input voltages should not 
exceed nominal ± 2V operating range, nor the supply voltages 
(+Vs and - Vs), whichever is smaller. 
·Under normal operating conditions the differential reference voltage may 
range from ±O.5V to ±2V; 
+VREF~ - VREPo 


'Output 
terminated with loon resistors to - 2.0V. 


"Measured from the leading edge of ENCODE to data out on Bit I (MSB). 
'Measured from the trailing edge of ENCODE to data out on Bit I (MSB). 
'For full-scale step input, 6-bit accuracy is attained in specified time. 
"Recovers to 6-bit accuracy in specified time, after 150% full-scale 
input overvoltage. 


ABSOLUTE 
MAXIMUM 
RATINGS· 
Positive Supply Voltage. 
. . . . . . . . 
-0.3V 
to +6V 


Negative Supply Voltage 
-6.0V 
to +O.3V 
Analog-to-Digital Ground Voltage Differential 
0.5 
Analog Input Voltages (AIN, + VREF, - VREFi 
± 3V 


Differential Reference Voltage (+ VREFto - VREF)3 
6V 
ENCODE 
Input Voltage 
... 
- Vs to OV 
HYSTERESIS 
Control Voltage 
. . . . . . .. 
OV to + 3.0V 
Digital Output Current 
. . . . . . . . . . . . 
. 
20mA 
Power Dissipation (+ 2S·C Free Air)4 . 
.. 
74SmW 
Operating Temperature 
Range 
AD9000JD 
. . . . . . . . 
AD9000SD/SE 
. . . . . . 


Storage Temperature 
Range . 


Junction Temperature 
. . . . 


Lead Soldering Temperature 
(lOsec) 


o to +70·C 
- SS·C to + 12S·C 
- 6S·C to + lSO·C 
+ 17S·C 


..... 
+300·C 


• 


'·Measured on Bit I (MSB) only. 


IIMeasured at 50MSPS encode rate. 
"Analog input frequency ~ 15MHz. 
13RMSsignal to RMS noise, with 540kHz analog input signal. 
"Peak-to-peak 
signal to rms noise, with 540kHz analog input signal. 


ISf,=9.3MHz; 
f,=7.6MHz; 
Encode=42MHz. 


'"DC to 8.2MHz noise bandwidth with 3.886MHz slot. 
"Supply voltage should remain stable within ± 5% for normal operation. 
Specifications subject to change without notice. 


NOTES 
'Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 
'Under norntal operating conditions, the analog input voltages should not 
exceed nominal ± 2V operating range, nor the supply voltages 
(+Vs and - Vs), whichever is smaller. 
'Under norntal operating conditions the differential reference voltage may 
range from ±O.5V to ±2V; 
+ VREF~ 
- VREFo 


'Typical thermal impedances ... 


16-PinCeramic 
6••=67"CIW;6j<=7"CIW 
28-Pin LCC 
6••~ 62"CIW; 6j<~ 14"CIW 


Temperature 
Package 
Modell 
Range 
Description 
Option2 


AD9000JD 
Oto + 70°C 
16-Pin DIP, Industrial 
D-16 
AD9000SD 
- 55°C to + 125°C 
16-PinDIP 
D-16 
AD9000SE 
- 55°Cto + 125°C 
28-PinLCC 
E-28A 


NOTES 


IMIL-STD-883 versions available, tontacr factory. 
2D = Ceramic DIP; E = Lcadless Ceramic Chip Carrier. For outline information see Package 
Information section. 
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Die Dimensions 
Pad Dimensions 
Metalization 
Backing 
Substrate Potential 
Passivation 
Die Attach 
Bond Wire 


129x217x 
15(±2)mils 


4x4mils 
10,oooA Aluminum 
None 
-Vs 
lO,oooA Oxynitride 
Gold Eutectic 
1.25 mil Aluminum; Ultrasonic Bonding 
or 1mil Gold; Gold Ball Bonding 


2S OVERFLOW 


24 EUT1 (MSBI 


23 
BIT 2 


22 BIT 3 


21 BIT. 


20 BIT 5 
t========~)'9 
BIT6lLSBj 


ENCODE 7 


NC 
8 


NC 
• 


12 
13 
14 
15 
16 
17 
18 
~~J::i~~ 
+ 
~ 


PIN NAME 
-Vs 
ANALOG GROUND 


V HYSTERESIS 


-VREF 
ANALOG INPUT 
+Vs 
+ VREF 
BIT6(LSB) 
BIT5-BIT2 
BIT I (MSB) 
OVERFLOW 
DIGITAL GROUND 


DESCRIPTION 


Negative supply terminal, nominally 
- 5.2V. 
Analog ground return. All grounds should be connected together near the the AD9000. 
The hysteresis control voltage varies the comparator hysteresis from 15mV to 50mV, for a change of OV 
to + 3V at the hysteresis control pin. 
The ENCODE 
pin controls the conversion cycle. Encode is rising edge sensitive and should be driven 
with a 50% duty-cycle waveform under normal conditions. 
The most negative reference voltage for the internal resistor ladder. 
Analog inpUl pin. 
Positive supply terminal, nominally + 5.0V. 
Most positive reference voltage of the internal resistor ladder. 
One of six digital outputs. 
BIT 6 (LSB) is the least-signifIcant-bit 
of the digital output. 


One of six digital outputs. 
One of six digital outputs. 
BITI (MSB) is the most-signifIcant-bit 
of the digital OUlpUl. 


Overflow data output. 
Logic high indicates an input ovcrvoltagc 
(AtN~ 
+ V REF)' 


Digital ground return. All grounds should be connected together near the AD9000. 


+VREF 


OVERFLOW 


R64 


63 


R63 


62 


R62 


I 
ANALOG 
COMPARATOR 
INPUT 
I 
STAGES 
I 


R3 


R2 


ANALOG 
GROUND 
(TIE TO 
ptN 
161 


-VREF 
VH 
• 


APERTURE DELAY 
OUTPUT PROPAGATION DELAY 
MINIMUM OUTPUT HOLD TIME 
MINIMUM ENCODE PULSE WIDTH HIGH 
MINIMUM ENCODE PULSE WIDTH LOW 


All 
RESISTORS 
± 5% 


ALL 
CAPACITORS 
~ 20% 
ALL 
SUPPLY 
VOLTAGES 
~5'10 


OPTION 
#1: 
(STATIC) 
ADI=O.OV. 
AD2 
= LOGIC 
HIGH 
OPTION 
#2: 
(DYNAMIC) 
SEE 
WAVEFORMS 


ABOUT THE AD9000 


Analog Bandwidth 
Quantifying the high-frequency analog performance of the AD9000 
is somewhat difficult because of the various criteria that can be 
applied. At one extreme there is the analog input bandwidth of 
a single input comparator (which tends to be extremely high). 
At the other end of the performance criteria is the "no missing 
codes" restriction, 
which tends to be the most conservative 
measure of analog bandwidth. 


The "no missing codes" criteria simply means that the converter 
is capable of generating all 64 output codes for an analog and 
ENCODE frequency. At higher ENCODE 
rates to analog fre- 
quencies, the converter continues to function, but with reduced 
resolution. The graph below details the "no missing codes" 
region of operation for the AD9000 at several reference levels. 
Note that nearly all analog-to-digital converter applications 
operate in the oversampled region to avoid generation of inde- 
terminate data (aliasing). 


/ 
/ 
/ 
/ 


High.Speed 
Performance 
Enhancements 
The AD9000 employs a hysteresis control pin which affects 
comparator sensitivity. The error rate (number of full-scale 
errors in a given period) is directly affected by the comparator 
sensitivity. By varying the voltage on the hysteresis control pin, 
the error rate can be reduced. The AD9000 is capable of extremely 
low error rate operation, which makes it ideal for error sensitive 
applications like QAM demodulation. 
If the hysteresis control 
pin is used, it should be decoupled to ground through a O.I •.•.F 
capacitor, otherwise it may be left floating. 


At the highest encode rates, overall accuracy can be improved 
by skewing the ENCODE 
signal duty-cycle to allow more time 
in the "latch" 
mode. Specifically, extending the logic HIGH 
portion of the ENCODE 
signal allows the comparators more 
time to achieve an appropriate 
logic level prior to the decoding 
cycle that begins on the rising edge of the ENCODE pulse. 
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Layout Considerations 
The AD9000, like all high-speed circuits, requires certain pre- 
cautions be taken to insure optimum performance. 
The foremost 
of these is the use of a substantial low impedance ground plane 
around and under the AD9000. Just as important are high quality 
ground connections to the AD9000 itself. It is probably more 
effective to keep the analog and digital grounds separate, except 
at the AD9000 where they should be connected together. Sockets 
should generally be avoided due to the increased interlead capaci- 
tance they induce. If socketing must be used, pin sockets are 
preferred. 


Decoupling is especially important 
to high-speed analog circuits. 


Each supply should be decoupled to ground with O.I •.•.F ceramic 
and 0.00 I•.•.F mica capacitors. The ladder reference pins should 
be treated in a similar manner. In addition to decoupling the 
reference ladder, the reference ladder should be driven from a 
low output impedance source for the best noise rejection. In all 
cases, chip capacitors are recommended, 
where practical, to 
reduce the effects of lead inductance associated with standard 
discrete capacitors. 


MIL-STD-883 
Compliance 
Information 
The AD9000SElSD/883C 
are classified within microcircuits 


group 57-technology group D (bipolar AID converters), and are 
constructed 
in accordance with the latest revision of MIL-STD- 
883. The AD9000 is electrostatic sensitive and falls within elec- 
trostatic sensitivity classification Category A. PDA (Percent 
Defective Allowance) is computed based of Subgroups I of the 
specified Group A test list. QA screening is in accordance with 
"Alternate 
Method A" of method 5005. The following apply: 


Burn-In per 1015, Life Test per 1005, Electrical Testing per 
5004. (Note: Group A electrical Testing assumes TA =Tc=TJ.) 


TYPICAL 
APPLICATION 
The AD9000 is a relatively flexible device which can be configured 
in a number of ways. One very useful feature of the AD9000 is 
the open emitter outputs. The open emitters allow the outputs 
of several AD9000s to be OR-WIRED 
in stacking applications 
for increased resolution. This kind of application depends on 
the remm-to-zero 
nature of the output bits when A1N"" + VREF 
(overflow). In circuits which employ only one AD9000, this is 
not always an advantage. The circuit below illustrates one method 
of converting the outputs to nonretum-to-zero. 


The 10197 (standard 
10K EeL logic) hex-AND group senses 
the active OVERFLOW 
output and forces all other bils to logic 


CAPACITORS 


O.1 ••F 


O.1 •• F 


(MSB) 
BIT 1 


':" 
O.1 •• F I 
BIT 2 


AD9000 
BIT 3 


BIT 4 


BIT 5 


(LSBI 
BIT 6 


ENCODE 


HIGH. The 10151 latch is not required for AD9000 applications, 
but it may ease data transfer sensitivities in asnychronous data 
collection systems. 


The reference driver circuits should provide a low source im- 
pedance to prevent noise on the reference inputs from affecting 
the AD9000's accuracy. This is accomplished to a large extent 
by adequately decoupling the reference pins to ground. An 
improved method is employed below. The reference voltages 
(+ VREF, 
- VREF) are buffered by a transistor/amplifier 
combi- 
• 
nation. This has the advantages of wide bandwidth (hence low 
impedance over a wide frequency range to eliminate high frequency 
noise components), 
and improved temperature 
slability. 


(MSB) 
BIT 1 


BIT 2 


BIT 3 
LATCH 
100151 
DATA 
BIT 4 
OUTPUTS 


BIT 5 


BIT 6 


(LSB) 
LATCH 


AD9000IPCB EVALUATION 
AND TEST 
BOARD 
Evaluating and testing the AD9000 is greatly simplified with the 
AD9000IPCB evaluation board. The printed circuit board contains 
all of the driver and buffering circuits needed to test and evaluate 
the AD9000. The board outputs include both a high quality 
reconstructed 
representation 
of the input waveform, and a dc 
error waveform output which can be used to determine device 
linearities. 


Inputs to the AD9000IPCB evaluation board include the analog 
signal to be digitized, as well as an optional ENCODE 
input for 
high stability measurements. 
All components, except the AD9000, 


are soldered onto the 8.5" x 6.3" board. The AD9000 is socketed 
to facilitate moderate volume testing. The evaluation board is 
offered with either a commercial temperature 
range AD9000, or 
an extended temperature 
range device installed. 


The respective ordering numbers are AD9000jDIPCB 
and 
AD9000SDIPCB. 


ERROR 
OUTPUT 
---0-0-0 
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FEATURES 
150MSPS 
Encode 
Rate 
Low 
Input 
Capacitance: 
17pF 
Low 
Power: 
750mW 
-5.2V Single 
Supply 
MIL-STD-883 
Compliant 
Versions 
Available 


APPUCATIONS 
Radar 
Systems 
Digital 
Oscilloscopes/ATE 
Equipment 
Laser/Radar 
Warning 
Receivers 
Digital 
Radio 
Electronic 
Warfare 
IECM. 
ECCM. 
ESMI 
Communication/Signal 
Intelligence 


GENERAL DESCRIPTION 
The AD9002 is an 8-bit, high speed, analog-to-digital converter. 
The AD9002 is fabricated in an advanced bipolar process which 
allows operation at sampling rates in excess of 150 megasamplesl 
second. Functionally, 
the AD9002 is comprised of 256 parallel 
comparator stages whose outputs are decoded to drive the ECL 
compatible output latches. 


An exceptionally wide large signal analog input bandwidth of 
160MHz is due to an innovative comparator design and very 
close attention to device layout considerations. 
The wide input 
bandwidth of the AD9002 allows very accurate acquisition of 
high speed pulse inputs, without an external track-and-hold. 
The comparator output decoding scheme minimizes false codes 
which is critical to high speed linearity. 


The AD9002 provides an external hysteresis control pin which 
can be used to optimize comparator sensitivity to further improve 
performance. 
Additionally, 
the AD9002's low power dissipation 
of 750mW makes it usable over the full extended temperature 


High Speed 8-Bit 
Monolithic AID Converter 


AD9002 
I 


OVERFLOW 
INHIBIT 


ANALOG 
IN 
• 


range. The AD9002 also incorporates an overflow bit to indicate 
overrange inputs. This overflow output can be disabled with the 
overflow inhibit pin. 


The AD9002 is available in two grades, one with 0.5LSB linearity 
and one with 0.75LSB linearity. Both versions are offered in an 
industrial grade, 
- 25°C to + 85°C, packaged in a 28-pin DIP 
and a 28-pin PLCC. The military temperature 
range devices, 
- 55°C to + 125°C, are available in ceramic DIP and LCC packages 
and are compliant to MIL-STD-883 
Class B. 


Supply 
Voltage 
(- 
VS) 
•..•.•••••.. 


Analog-to-Digital 
Supply 
Voltage 
Differential 
• 


Analog 
Input 
Voltage 
.•••••••• 


Digital 
Input 
Voltage 
•••••.••••...••• 


Reference 
Input 
Voltage 
(+ 
VREF 
- 
VREFi 


Differential 
Reference 
Voltage 
••• 
•••• 


Reference 
Midpoint 
Current 
••••••• 


ENCODE 
to 
ENCODE 
Differential 
Voltage 


...... 
-6V 


•••••• 
O.5V 


- 
Vs 
to 
+O.5V 


-Vs 
to 
OV 


-3.5V 
to 
O.IV 


• 
2.IV 
±4mA 


.. 
4V 


Digital 
Output 
Current 
• 
. 
. 
• 
• 
• 


Operating 
Temperature 
Range 
AD9002AD/BD/AN/BN/APIBP 
AD9002SE/SDITDITE 
. 


Storage 
Temperature 
Range 
• 
• 
• 
• 


Junction 
Temperarure3 
•••••• 


Lead 
Soldering 
Temperarure 
(IOsec) 


- 
25°C 
to 
+ 85°C 


- 
55°C 
to 
+ 125°C 


-65°C 
to 
+ 150°C 


+ 175°C 


+ 300°C 


Test 
AD9002AD/AP/AN 
AD9002BDIBPIBN 
AD9002SD/SE 
AD9002IDrrE 
Parameter 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
8 
8 
8 
8 
Bits 


DC ACCURACY 
Differential 
Linearity 
+2S'C 
I 
0.6 
0.75 
0.4 
0.5 
0.6 
0.75 
0.4 
0.5 
LSB 
Full 
VI 
1.0 
0.75 
1.0 
0.75 
LSB 
Integral Linearity 
+2S'C 
I 
0.6 
1.0 
0.4 
0.5 
0.6 
1.0 
0.4 
0.5 
LSB 
Full 
VI 
1.2 
1.2 
1.2 
1.2 
LSB 
No Missing Codes 
Full 
VI 
GUARANTEED 
GUARANTEED 
GUARANTEED 
GUARANTEED 


INITIAL 
OFFSET 
ERROR 
Top of Reference Ladder 
+2S-c 
I 
8 
14 
8 
14 
8 
14 
8 
14 
mV 
Full 
VI 
17 
17 
17 
17 
mV 
Bouom 
of Reference 
Ladder 
+ 2S-c 
I 
4 
10 
4 
10 
4 
10 
4 
10 
mV 
Full 
VI 
12 
12 
12 
12 
mV 


Offset Drift Coefficient 
Full 
V 
20 
20 
20 
20 
!LVre 


ANALOG 
INPUT 
Input Bias Current· 
+2S'C 
I 
60 
100 
60 
100 
60 
100 
60 
100 
!LA 
Full 
VI 
200 
200 
200 
200 
!LA 
Input Resistance 
+2S'C 
III 
100 
200 
100 
200 
100 
200 
100 
200 
ill 
Input Capacitance 
+ 25'C 
III 
17 
22 
17 
22 
17 
22 
17 
22 
pF 
Large Signal Bandwidth5 
+25'C 
V 
160 
160 
160 
160 
MHz 
Input Slew Rate6 
+2S'C 
V 
440 
440 
440 
440 
VI".. 


REFERENCE 
INPUT 
Reference Ladder Resistance 
+2S'C 
VI 
64 
80 
110 
64 
80 
110 
64 
80 
110 
64 
80 
110 
0 
Ladder Temperature 
Coefficient 
V 
0.25 
0.25 
0.25 
0.25 
orc 


Reference Input Bandwidth 
+ 25°C 
V 
10 
10 
10 
10 
MHz 


DYNAMIC 
PERFORMANCE 
Conversion 
Rate 
+ 25'C 
I 
125 
150 
125 
ISO 
125 
ISO 
125 
ISO 
MSPS 
Aperture 
Delay 
+2S'C 
V 
1.3 
1.3 
1.3 
1.3 
ns 
Aperture 
Uncenainty 
(Jitter) 
+2S'C 
V 
IS 
IS 
IS 
IS 
ps 
Output 
Delay ((po)?" 
+2S-c 
I 
2.5 
3.7 
5.5 
2.5 
3.7 
5.5 
2.5 
3.7 
5.5 
2.5 
3.7 
5.5 
ns 
Transient 
Response9 
+ 2S-c 
V 
6 
6 
6 
6 
ns 
Overvoltage 
Recovery Time 
10 
+ 25'C 
V 
6 
6 
6 
6 
ns 
Output Rise Time7 
+ 2S-c 
I 
3.0 
3.0 
3.0 
3.0 
ns 
Output Fall Time? 
+2S'C 
I 
2.5 
2.5 
2.5 
2.5 
ns 
Output Time Skew7,1 
I 
+ 2S-c 
V 
0.6 
0.6 
0.6 
0.6 
ns 


ENCODE 
INPUT 
Logic "I" 
Voltage7 
Full 
VI 
-1.1 
-1.1 
-1.1 
-1.1 
V 
Logic "0" Voltage? 
Full 
VI 
-1.5 
-1.5 
-1.5 
-1.5 
V 
Logic "I" Current 
Full 
VI 
ISO 
ISO 
ISO 
ISO 
!LA 
Logic "0" Current 
Full 
VI 
120 
120 
120 
120 
!LA 
Input Capacitance 
+2S'C 
V 
3 
3 
3 
3 
pF 
Encode Pulse Width (Low)12 
+ 25"C 
I 
1.5 
1.5 
1.5 
1.5 
ns 


Encode Pulse Width (High)12 
+2S'C 
I 
1.5 
1.5 
1.5 
1.5 
ns 


OVERFLOW 
INHIBIT 
INPUT 
OVInput Current 
Full 
VI 
144 
300 
144 
300 
144 
300 
144 
300 
!LA 


ACLlNEARITY" 
Effective Bitsl" 
+2S'C 
V 
7.6 
7.6 
7.6 
7.6 
Bits 


In-Band Harmonics 
dcto I.23MHz 
+2S'C 
I 
48 
55 
48 
55 
48 
55 
48 
55 
dB 
dcto9.3MHz 
+2S'C 
V 
SO 
SO 
SO 
SO 
dB 
dcto 19.3MHz 
+ 2S-c 
V 
44 
44 
44 
44 
dB 
Signal-to-Noise 
Ratiol5 
+ 2S'C 
I 
46 
47.6 
46 
47.6 
46 
47.6 
46 
47.6 
dB 
Two Tone Intermod 
Rejection 
16 
+2S"C 
V 
60 
60 
60 
60 
dB 


DIGITAL 
OUTPUTS' 


Logic"I" 
Voltage 
Full 
VI 
-1.1 
-1.1 
-1.1 
-1.1 
V 
Lngic "0" Volta8e 
Full 
VI 
-1.5 
-1.5 
-1.5 
-1.5 
V 


POWER 
SUPPLY 
17 
Supply Current 
( - s. ZV) 
+ZS"C 
I 
145 
175 
145 
\75 
145 
175 
145 
175 
"'" 
Full 
VI 
200 
200 
200 
200 
mA 


Nominal Power Dissipation 
+2S'C 
V 
750 
750 
750 
750 
mW 
Reference Ladder 
Dissipation 
+2S'C 
V 
SO 
SO 
SO 
SO 
mW 
Power Supply Rejection Ratiol8 
+ 2S-c 
I 
0.8 
1.5 
0.8 
1.5 
0.8 
1.5 
0.8 
1.5 
mVN 


NOTES 
lAbsolute 
maximum 
ratings 
arc limiting 
values, 
to be applied 
individually, 


and 
beyond 
which 
the serviceability 
of the circuit 
may be impaired. 


Functional 
operability 
under 
any of these 
conditions 
is not necessarily 


implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
of time 
may 
affect 
device 
reliability. 


2 + VREF 
~ 
- VREF 
under 
all circumstances. 
'Maximum 
junction 
temperature 
(t, max) 
should 
not exceed 
1750C 
for ceramic 
packages, 
and 
150°C for plastic 
packages: 


tl 
~ 
PD 
(9,A) + tA 
PD (9,el + te 
where 
PD 
~ 
power 
dissipation 
aJA = thermal 
impedance 
from 
junction 
to ambient 
(0C/W) 
9,C ~ thermal 
impedance 
from 
junction 
to case ("C!W) 


tA = ambient 
temperature 
(OC) 


te 
~ 
case temperature 
("C) 


typical 
thermal 
impedances 
are: 
Ceramic 
DIP 
9JA = 56"C!W; 
9JC = 20"C!W 


Plastic 
DIP 
9JA ~ 6O"CIW; 
9,c = 20"CIW 
Ceramic 
LCC 
9JA = 69"CIW; 
9,c ~ 23°CIW 
PLCC 
9JA= 6O°CIW, 
9,C= 
19"C!W. 


Input Voltage 


Parameter 
Min 
Nominal 
Max 
-Vs 
-5.46 
-5.20 
-4.94 


+VREF 
-VREF 
O.OV 
+0.1 


-VREF 
-2.1 
-2.0 
+VREF 
Analog Input 
-VREF 
+VREF 


'Measured 
with 
AIN=OV. 
'Measured 
by FIT 
analysis 
where 
fundamental 
is - 3dBc. 
'Input 
slew rate 
derived 
from 
rise 
time 
(10 to 90%) 
of full scale 
input. 
'Outputs 
terminated 
through 
lOOn 
to 
- 2V. 
'Measured 
from 
ENCODE 
in to data 
out for LSD only. 


9For full-scale 
step 
input, 
8-bit 
accuracy 
is attained 
in specified 
time. 


IORecovers 
to 8-bit 
accuracy 
in specified 
time 
after 
150% full-scale 
input 
overvoltage. 
1l00tput 
time 
skew 
includes 
high-to-low 
and 
low-to-high 
transitions 
as well 


as bit-to-bit 
time 
skew 
differences. 


"ENCODE 
signal 
rise/fall 
times 
should 
be less than 
IOns for normal 
operation. 
"Measured 
at 125MSPS 
encode 
rate. 
"Analog 
input 
frequency 
~ I.23MHz. 


ISRMS signal 
to rms 
noise, 
with 
1.23MHz 
analog 
input 
signal. 


"Input 
signals 
IV pop @1.23MHz 
and 
IV pop @2.30MHz. 
17Supplies 
should 
remain 
stable 
within 
± 5% for normal 
operation. 
"Measured 
at 
- 5.2V 
± 5%. 


Specifications 
subject 
to change 
without 
notice. 
• 


- 
I()()% production 
tesled. 


I()()% production 
tested 
at + 25°C, 
and sample 
tested 


at specified 
temperatures. 


Sample 
tested 
only. 


Parameter 
is guaranteed 
by design 
and characteriza- 


tion testing. 


Parameter 
is a typical 
value 
only. 


All devices 
are 100% production 
tested 
at + 25°C. 


100% production 
tested 
at temperature 
extremes 
for 


extended 
temperature 
devices; 
sample 
tested 
at 


temperature 
extremes 
forcommerciaUindustriai 


devices. 


Package 
Model 
Linearity 
Temperature 
Range 
Optionl 


AD9002AD 
0.75LSB 
- 25°C to + 85°C 
D-28 
AD9002BD 
0.50LSB 
- 25°C to + 85°C 
D-28 
AD9002AN 
0.7SLSB 
- 25°C to + 85°C 
N-28 
AD9002BN 
0.50LSB 
- 25°C to + 85°C 
N-28 
AD9002AP 
0.7SLSB 
- 25°C to + 85°C 
P-28A 
AD9002BP 
O.SOLSB 
- 25°C to + 85°C 
P-28A 
AD9002SDz 
0.7SLSB 
-S5°Cto 
+ 125°C 
D-28 
AD9002SEz 
0.7SLSB 
- 55°C to + 125°C 
E-28A 
AD9002TDz 
O.SOLSB 
- 55°C to + 125°C 
D-28 
AD9002TEz 
O.SOLSB 
- 55°C to + 125°C 
E-28A 


NOTES 
'D 
= CeramicDIP;E 
= LeadlessCeramic 
Chip Carrier; 
N ~ Plastic 
DIP; 


P = Plastic 
Leaded 
Chip Carrier. 
For outline 
information 
see Package 
Information 
section. 


2MlL-STD-883 
versions 
available: 
Contact 
factory. 


DIGITAL GROUND 
OVERFLOW 
INH 


3 
HYSTERESIS 


4 
+VREF 
5 
ANALOG INPUT 
6 
ANALOG GROUND 
7 
ENCODE 


8 
ENCODE. 
9 
ANALOG GROUND 
IO 
ANALOG INPUT 
II 
-VREF 
12 
REFMID 
13 
DIGITAL GROUND 
14 
DIGITAL 
-Vs 


15 
DI 
16-19 
D2-DS 
20 
DIGITAL GROUND 
21,22 
ANALOG -Vs 


23 
DIGITAL GROUND 
24,25 
D6,01 
26 
D8 
27 
OVERFLOW 


28 
DIGITAL 
-Vs 


Description 


One of four digital ground pins. All digital ground pins should be connected together. 
OVERFLOW 
INHIBIT 
controls the data output polarity for overvoltage inputs. 


OVERFLOW ENABLED 
ANALOG 
(FLOATING OR -S.2V) 
OVERFLOW INHIBITED (GND) 


INPUT 
OF D, D, D, D. Ds D. D, D. 
OF D, D, D, D. Ds D. D, D. 


VIN >+VREF 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
I 
I 
I 
I 
I 
I 
I 


V1NS + VREF 
0 
X 
X 
X 
X 
X 
X 
X 
X 
0 
X 
X 
X 
X 
X 
X 
X 
X 


The Hysteresis control voltage varies the comparator hysteresis from OmV to 10mV, for a change 
from - 5.2V to - 2.2V at the Hysteresis control pin. 
The most positive reference voltage for the internal resistor ladder. 
One of two analog input pins. Both analog input pins should be connected together. 
One of two analog ground pins. Both analog ground pins should be connected together. 
Noninverted 
input of the differential encode input. This pin is driven in conjunction with 
ENCODE. 
Data is latched on the rising edge of the ENCODE 
signal. 


Inverted input of the differential encode input. This pin is driven in conjunction with ENCODE. 
One of two analog ground pins. Both analog ground pins should be connected together. 
One of two analog input pins. Both analog inputs should be connected together. 
The most negative reference voltage for the internal resistor ladder. 
The midpoint tap on the internal resistor ladder. 
One of four digital ground pins. All digital ground pins should be connected together. 
One of two negative digital supply pins (nominally 
- 5.2V). Both digital supply pins should be 
connected together. 
Digital data output (LSB). 
Digital data output. 
One of four digital ground pins. All digital ground pins should be connected together. 
One of two negative analog supply pins (nominally 
- 5.2V). Both analog supply pins should be 
connected together. 
One of four digital ground pins. All digital ground pins should be connected together. 
Digital data output. 
Digital data output (MSB). 
Overflow data output. 
Logic high indicates an input overvoltage (V1N> + VREF) if OVERFLOW 
INHIBIT 
is enabled (overflow enabled, 
- 5.2V). See OVERFLOW 
INHIBIT. 
One of two negative digital supply pins (nominally 
- 5.2V). Both digital supply pins should be 
connected together. 


PLCC 


i l! 
~R f 
! I~ 
; 


& 
"I 


ANALOG 
GROUND 
I 


ENCODE 
7 


ENCODE 
• 


ANALOG 
GAOUND 
, 


250, 


24 O. 


2J OIGITAL 
GROUND 


22 ANALOG 
- V, 


21 ANALOG 
- V. 


20 OIGITAL GROUND 


23 
DIGITAL GROUND 


U 
ANALOG -VI 


21 
ANALOG 
- Y, 


20 
OIGITAL GROUNO 


N+l 


ANAlOG~ 
~ 
,::,1..g~---..... 
:: 


O~r~~T ~N-lvii;;;;;;i'"I-. 
N-'-Z-iiiiTk-" 
UN+ 1f!lj 
• 


-S.2V 
~ 
COMPARATOR 
CEllS 


~' 
-V, 


HYSTERESIS 


OVERflOW 
INH 
D. 
'00 
AD' 
ANALOG 
IN 
0, 


1k 
AD2 
ENCODE 
D. 


1k 
AD9002 
AD3 
ENCODE 
0, 


-2V 
-VREF 
D. 


0'* 
0, 


0, 


+V"EF 
0, 
GROUND 
lOAD 
RESISTORS 
= 
1 k 


INHIBIT 


HYSTERESIS 
\ 
.V.,_ ~. 
••• 


ANALOG~ 
INPUT 
••. ...:• 
ANALOG 
GROUNO 
__ 


STATIC 
BURN 
IN 


A01=OV 
A02=ECl 
HIGH 
AD3=ECL lOW 


DYNAMIC 
BURN 
IN 


" 
./'... 
./'... 
./'... 
OV 
AD1 
~ 
~ 
~ 
'-2V 


AD2~ 


A03~ 
Die Dimensions 
Pad Dimensions 
Metalization 
. . 


Backing 
. . . . 
Substrate Potential 
Passivation 
Die Attach 


I06x 114x IS (:!:2) mils 
4x4 
mils 
. Gold 


None 
. -Ys 


. Nitride 


Gold Eutectic (Ceramic) 


Epoxy (Plastic) 


1-1.3 mil Gold; Gold Ball Bonding 


All 
RESISTORS:!: 
5%. it 


ALL CAPACITORS:!: 
20%. 
~F 


ALL SUPPLIES 
:!: 5% 


APPLICATION 
INFORMATION 
The AD9OO2is compatible with all standard ECL logic families, 
including 10K and 10KH. lOOKECL's logic levels are temperature 
compensated, 
and are therefore compatible with the AD9002 


(and most other ECL device families) only over a limited tem- 
perature range. To operate at the highest encode rates, the 
supporting logic around the AD9002 will need to be equally 
fast. Whichever of the ECL logic families is used, special care 
must be exercised to keep digital switching noise away from the 
analog circuits around the AD9OO2. The two most critical items 
are digital supply lines and digital ground return. 


The input capacitance of the AD9002 is an exceptionally low 
l7pF. This allows the use of a wide range of input amplifiers, 
both hybrid and monolithic. To take full advantage of the wide 
input bandwidth of the AD9002, a hybrid amplifier such as the 
AD9610 will be required. 
For those applications that do not 
require the full input bandwidth of the AD9002, more traditional 
monolithic amplifiers, such as the AD846, will work very well. 
Overall performance with any amplifier can be improved by 
inserting a Ion resistor in series with the amplifier output. 


The output data is buffered through the ECL compatible output 
latches. All data is delayed by one clock cycle, in addition to the 
latch propagation 
delay (tpo), before becoming available at the 
outputs. 
Both the analog-to-digital conversion cycle and the data 
transfer to the output latches are triggered on the rising edge of 
the differential, 
ECL compatible ENCODE 
signal (see timing 
diagram). In applications where only a single-ended signal is 
available, the AD96685, a high speed, ECL voltage comparator, 
can be employed to generate the differential signals. All ECL 
signals (including the overflow bit) should be terminated properly 
to avoid ringing and reflection. 


The AD9002 also incorporates 
a HYSTERESIS 
control pin 
which provides from 0 to 10mV of additional hysteresis in the 
comparator input stages. Adjustments 
in the HYSTERESIS 
control voltage may help improve noise immunity and overall 
performance in harsh environments. 


The OVERFLOW 
INHIBIT 
pin of the AD9OO2determines 
how the converter handles overrange inputs (AIN~ + VREF)' 
In 
the "enabled" 
state (floating at - 5.2V), the OVERFLOW 
output will be at logic HIGH and all other outputs will be at 
logic LOW for overrange inputs (return-to-zero 
operation). 
In 
the "inhibited" 
state (tied to ground), 
the OVERFLOW 
output 
will be at logic LOW, and all other outputs will be at logic 
HIGH for overrange inputs (nonreturn-to-zero 
operation). 


The AD9002 provides outstanding 
error rate performance. 
This 


is due to tight control of comparator offset matching and a fault 
tolerant decoding stage. Additional improvements 
in error rate 
are possible through the addition of hysteresis (see HYSTERESIS 
control pin). This level of performance 
is extremely important 
in fault-sensitive applications such as digital radio (QAM). 


Dramatic improvements 
in comparator design and construction 
give the AD9002 excellent dynamic characteristics, 
especially 
SNR (signal-to-noise ratio). The l60MHz input bandwidth and 
low error rate performance 
give the AD9002 an SNR of 48dB 
with a 1.23MHz input. High SNR performance is particularly 
important in wide bandwidth applications, such as pulse signature 
analysis, commonly performed 
in advanced radar receivers. 


LAYOUT 
SUGGESTIONS 
Designs using the AD9002, like all high speed devices, must 
follow a few basic layout rules to insure optimum performance. 
Essentially, these guidelines are meant to avoid many of the 
problems associated with high speed designs. The first requirement 
is for a substantial ground plane around and under the AD9002. 
Separate ground plane areas for the digital and analog components 
may be useful, but these separate grounds should be connected 
together at the AD9002 to avoid the effects of "ground loop" 
currents. 


The second area that requires an extra degree of attention involves 
the three reference inputs, 
+ VREF, REF MID, and - VREF. The 
+ VREF input and the - VREF input should both be driven from 
a low impedance source (note that the + VREF input is typically 
tied to analog ground). A low drift amplifier should provide 
satisfactory results, even over an extended temperature 
range. 


Adjustments 
at the REFMID input may be useful in improving 
the integral linearity by correcting any reference ladder skews. 
The application circuit shown below demonstrates 
a simple and 
effective means of driving the reference circuit. 


The reference inputs should be adequately decoupled to ground 
through 0.1 f.lF chip capacitors to limit the effects of system 
noise on conversion accuracy. The power supply pins must also 
be decoupled to ground to improve noise immunity; O.If.lF and 
O.OIf.lF chip capacitors are recommended. 


The analog input signal is brought into the AD9OO2through 
two separate input pins. It is very important 
that the two input 
pins be driven symmetrically with equal length electrical con- 
nections. Otherwise, aperture delay errors may degrade converter 
performance at high frequencies. 
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D. 
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S 
R 
u 
T 
I 
P 
0, 
E 
V 
R 
z 
E 
CL 
0, 
R 
~ 
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~ 


CLK 


NOTE, 
100114 
LINE 
DRIVER 
OUTPUTS 
REQUIRES 
510H 
PULL 
DOWN 
RESISTORS 
TO 
-5.2V. 
ALL 
OTHER 


ECL OUTPUTS 
SHOULD 
BE 
TERMINATED 
TO 
- 2V 
WITH 
lOOn RESISTORS, 
UNLESS 
OTHERWISE 
SPECIFIED. 


RESISTORS 
ARE 
IN 
H. 


CAPACITORS 
ARE 
IN 
J.lF. 
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FEATURES 
12-Bit Resolution 
1 MSPS Word Retes 
TIHend TIming Included 
Single 4O-PlnDIP 


APPUCATIONS 
Reder Systems 
Digital Oscilloscopes 
Test Systems 
Anelytical Instrumentation 
Weveform Anelyzers 


GAIN. 
OFFSET 
ADJUST 


ANALOG 


INPUT 


GENERAL 
DESCRIPTION 
The AD9003 is a complete 12-bit, I MSPS analog-ta-digital 
convener (ADC) which combines low cost and high performance 
in a single 4O-pin DIP. This unique convener includes track-and- 
hold (f1H), timing, and encoding functions with a power dissi- 
pation of only 2.2 watts. 


This remarkable 
unit is capable of converting analog signals to 
the Nyquist limitat word rates through 
I MSPS. Its IlLS conversion 
interval includes acquisition time for the internal TIH, making 
it a true I MSPS convener. 


12-Bit, 1 MSPS 
AID Converter 


AD9003 
I 
• 


Proprietary 
conversion techniques achieve linearity equivalent 
to 
the best successive approximation 
ADC along with subranging 
conversion speeds. A conversion status signal simplifies transfer- 
ring output data into system logic. Innovative thick- and thin-fJ1m 
technologies assure excellent performance 
over temperature 
without compromising 
ac characteristics. 


The AD9003KM operates at case temperatures 
from 0 to + 70°C; 


the SM and TM units operate from - 25°C to + 100°C. 


AD9003 - SPEC IFI CAli 0 NS (typicalwithnominalsu~ 
unlessotherwisenotlld.l 


ABSOLUTE 
MAXIMUM 
RATINGS 
Supply Voltages 
±Vs 
Vcc 
.... 
Analog Input 
Digital Inputs 
Maximum Junction Temperature 
Models AD9003SMlTM 
Model AD9003KM 
. . . . . . 


..... 
±18V 
-0.5V 
to +7V 


. .. 
±15V 
-0.5 to Vcc 


Operating Temperature 
Range (Case) 
AD9003KM 
AD9003SMlTM 
. 


Storage Temperature 
.. 


Lead Soldering Temperature 
(10 see) 


... 
Oto +70°C 
- 25°C to + 100°C 
-65°C 
to + 150°C 


..... 
+300°C 


AD9003KM' 
AD9003SM' 
AD9003TM' 
Parameter)':Z (Conditions) 
Temp 
Min 
Typ 
Mas 
Min 
Typ 
Mas 
Min 
Typ 
Mas 
Vails 


RESOLUTION 
12 
12 
12 
Bits 
0.024 
0.024 
0.024 
%FS 
LSBWeight 
1.22 
1.22 
1.22 
mV 


STATIC ACCURACY 
/ 
GainError 
+2S'C 
±O.l 
;:0.2 
;:0.1 
;:0.2 
;:0.1 
;:0.2 
%FS 
# GainError 
Full 
;:0.46 
;:0.6 
;:0.6 
%FS 


/ 
Bipolar Offset 
+2S'C 
;:S 
;:10 
;:S 
;:10 
;:S 
;:10 
mV 
# Bipolar Offset 
Full 
;:23 
;:32 
;:32 
mV 


/ 
Unipolar Offset 
+2S'C 
;:5 
;:10 
;:5 
;tl0 
;:S 
;:10 
mV 
# Unipolar Offset 
Full 
;:23 
;:32 
;:32 
mV 


/ 
Differential Linearity 
+2S'C 
;:O.S 
;:1.0 
;:O.S 
;:1.0 
;:O.S 
;:1.0 
LSB 


./ 
Differential Linearity 
Full 
-1.0/+2.0 
-1.0/+2.0 
;:1.0 
LSB 


/ 
Integra! Linearity (Best Fit) 
+2S·C 
;:0.8 
;: 1.5 
;:0.8 
:1.5 
;:0.8 
:1.5 
LSB 


/ 
Integral Linearity (Best Fil) 
Full 
±1.5 
;:2.0 
;:2.0 
LSB 


/ 
Resolution for Which There 
are No Missing Codes 
Full 
12 
12 
12 
Bits 


DYNAMIC CHARACTERISTICS 


(Conversion Rate = IMHz)' 
In-Band 
Harmonics· 


/ 
dc to 100kHz 
+2S'C 
74 
80 
74 
80 
74 
80 
dB 


/ 
dc to 100kHz 
Full 
72 
72 
72 
dB 
# 100kHz to SookHz 
+2S·C 
7S 
7S 
75 
dB 


j 
Conversion Time5 
+2S'C 
820 
850 
820 
850 
820 
850 
ns 
# Effective Aperture Delay Time 
+2S·C 
6 
16 
27 
6 
16 
27 
6 
16 
27 
ns 
# Aperture Uncertainty (Jiller) 
+2S·C 
26 
26 
26 
ps,nns 


./ 
Signal-to-Noisc 
Ratio6 
+2S'C 
6S 
69 
6S 
69 
6S 
69 
dB 


/ 
Signal.to-Noise Ratio· 
Full 
6S 
6S 
6S 
dB 
1/ 
Transient 
Response' 
+2S'C 
200 
200 
200 
us 
/I 
Overvoltage 
Recovery 
Time' 
+2S'C 
ISoo 
ISoo 
1500 
ns 
1/ Two-Tone 
Intcnnodulation9 
+2S·C 
87 
87 
87 
dB 


ANALOG INPUT 
# Voltage Range (Full Scale)'· 
Full 
5 
5 
S 
V,p-p 
# Input Impedance 
+2S·C 
9S0 
1000 
10SO 
9S0 
1000 
IOS0 
9S0 
1000 
10SO 
n 
# Input Impedance 
Full 
9S0 
1000 
IOS0 
9S0 
1000 
10SO 
9S0 
1000 
10SO 
n 
Inpul Bandwidth 
# Small Signal, - 3dBII 
+2S·C 
10 
10 
10 
MHz 
# Large Signal, - 3dB12 
+ 2S·C 
8 
8 
8 
MHz 


TEMPERATURE 
DRIFT 
Offset Tempcrature Coefficient 


/Bipolar 
Full 
;:10 
;:35 
;:10 
;:40 
;:10 
;:40 
ppmI'C 


/ Unipolar 
Full 
;:10 
;:35 
;:10 
;:40 
;:10 
;:40 
ppmI'C 


.; GainTempcramreCocfficient 
Full 
:15 
;:40 
;: IS 
;:40 
;: IS 
;:40 
ppmI'C 
II 
Differential Linearity Tcmpco 
Full 
;: I.S 
;:3.5 
;:1.5 
;:3.S 
;: 1.5 
;: 3.S 
ppmI'C 


DIGITAL INPUTS 
# Logic Compatibility 
Full 
TTL 
TTL 
TTL 
# Logic"I"Voltage 
Full 
+2.0 
Va; 
+2.0 
Va; 
+2.0 
Va; 
V 
# Logic "0" Voltage 
Full 
-0.5 
+0.8 
-O.S 
+0.8 
-O.S 
+0.8 
V 
Encode Command" 
Input Current 
# Logic"I" 
Full 
60 
60 
60 
,.A 
# Logic"O" 
Full 
-1.2 
-1.2 
-1.2 
mA 
# Width" 
Full 
200 
7S0 
200 
7S0 
200 
750 
us 
# Rate 
Full 
dc 
1.0 
dc 
1.0 
dc 
1.0 
MSPS 
# RiselFaII Times 
Full 
10 
10 
10 
us 


AD9003KM' 
AD9003SM' 
AD9003TM' 
Parameterl• 2(Conditions) 
Temp 
MiD 
Typ 
Max 
MiD 
Typ 
Max 
MiD 
Typ 
Max 
Unils 


DIGITAL 
OUTPUTS 
/I 'Logic Compatibility 
Full 
TTL 
TTL 
TTL 
/I 
Logic "I" 
Voltage 
Full 
+2.4 
+2.4 
+2.4 
V 


/I 
Logic "0" Voltage 
Full 
+0.4 
+0.4 
+0.4 
V 
/I 
Output 
Drive 
Full 
I Standard 
I Standard 
I Standard 
TTLLoad 
Format 
Parallel 
Parallel 
Parallel 
Coding 


Unipolar 
Mode 
Complementary 
Binary 
Complementary 
Binary 
Complementary 
Binary 
Bipolar 
Mode 
Complementary 
Complementary 
Complementary 
Offset 
Binary 
Offset 
Binary 
Offset Binary 


POWER 
REQUIREMENTS 


+ Vs Voltage 
Full 
+14.5 
+ 15.0 
+ 15.5 
+14.5 
+15.0 
+ 15.5 
+14.5 
+15.0 
+ 15.5 
V 
I 
+ VsCurrcot 
Full 
78 
90 
78 
90 
78 
90 
mA 


- Vs Voltage 
Full 
-14.5 
-15.0 
-15.5 
-14.5 
-15.0 
-15.5 
-14.5 
-15.0 
-15.5 
V 
I 
- VsCurrent 
Full 
44 
49 
44 
49 
44 
49 
mA 


Va:; Voltage 
Full 
+4.75 
+5.0 
+5.25 
+4.75 
+5.0 
+5.25 
+4.75 
+5.0 
+5.25 
V 
I 
VccCurrent 
Full 
75 
200 
75 
200 
75 
200 
mA 


I 
Power 
Dissipation 
Full 
2.2 
3.2 
2.2 
3.2 
2.2 
3.2 
W 
/I 
PSRR15 
+25"C 
45 
45 
45 
dB 


THERMAL 
RESISTANCE 
Junction 
to Air, SeA,. 
19 
19 
19 
"CIW 


Junction 
to Case) the 
3 
3 
3 
"CIW 


MTBF17 


Mean Time 
Between 
Failures 
7.84x 
7.84x 
Hours 
Ill' 
Ill' 


PACKAGE 
OPTION 
II 
M-40 
AD9003KM 
AD9003SM 
AD9003TM 


NOTES 
I 100% tested (See Notes 1 and 2). 
#SpecifiClltion guaranteed by desiBn; not leSttd. 


IAD9003KM 
puuoeten preceded 
by • cbcck 
(/) 
are 
tcsted 
at + 25"C 


ambient temperature; performaDCeis guaranteed over the commercial 
temperature nnae (0 to + 7O"'Ccue temperature). 
lAD9003SM 
and TM parameters preceded by • cbedt (/) are 
tested at - 25"C 
cue, 
+ 25"C 
ambient. and. + were cue temperatures. 
3<:onverting in aces5 of l.OMHz is possible; however. acquisition time 
is reduced, which D1IIy increase distortion of hiBh~frequency analog signals. 
"In-band harmonics are expressed in dB below FS in terms of spurious 
in-band signals generated at IMHz encode rate and single tone analog 
input in raD8Cshown. 
sMeasured from leadins edge of encode command to t:railing(rising) edge 
of conversion status signal (see Ti.m..inaDiagram). 
°RMS signal to rms noise ratio; aoal08 input IdB below FS @ 100kHz; 
IMHz encode rate. 
1For full·scale step input, 12·bit accuracy attained in specified time. 
'Recovers to 12·bit accuracy in specified time after 2 x FS input 
overvolagc. (See text and Figure 5 for information on overloads.) 


• 


'Intermodulatioo 
measured in dB beknr FS It 1MHz encode rate with input 


frequencies of 75kHz and 105kHz; eacb 7dB below FS. 


IOVoitageR.anac= ±2.5V or OVto -5.0V. 
IIWitb analog input 40dB below FS. 
12WitbFS anal08 input. (I...arge.signaIBW flat within O.SdB, de: to 500kHz.) 
l'Trmsition 
from "0" to "I" initi4tes conversion. 


14For IMHz encode rate. At coDveniona below IMHz, mu: width is 


conversion period minus 25001. Optimum linearity at 200 to 250ns widths. 


ISPower Supply Rejection Ratio (PSRR) is sensitivity of offset to Vo;. This 


is parameter which is most sensitive to variations in supply voltage. 


16-Jberelationship between the device packqe 
and outside environment (9ao) 


varies with the application. Value shown is based on measuring case 
tempe:nture with supply voltagc:aapplied to a device insta11edin a ZIF 
socket mounted on a standard "EJ" bum-in board. 


11Cakulated (or SMffM versions u.sinI MIL-HNBK-217; 
Ground Fixed; 


+ 8O"C 
case temperature. 
I'M 
= Metal Can DIP. For outline infol'1J1l:tionsee PICkage InfOrmllUon 
section. 


ORDERING 
INFORMATION 
For operating case temperatures 
from 0 to + 70°C, order part 
number AD9003KM. 
Two models are available for operation at 
case temperatures 
betweeen 
- 25°C and + 100°C. With the 
exception of differential linearity, the electrical specifications on 
these devices are the same. The AD9003SM guarantees no 
missing codes over temperature; 
the AD9003TM is screened for 
differential nonlinearity of ± lLSB maximum. 


Both the commercial temperature 
and extended temperature 
versions are packaged in 4O-pin metal can DIPs. 


PIN 
FUNCTION 
PIN 
FUNCTION 


40 
DIGITAL GROUND 
1 
+5V 


39 
BIT 1 
2 
REFERENCE BYPASS' 


38 
BIT 2 
3 
DIGITAL GROUND 


37 
BIT 3 
4 
DIGITAL GROUND 


36 
BIT 4 
5 
-15V 


35 
BIT 5 
6 
ANALOG 
INPUT 


34 
BIT6 
7 
DO NOT CONNECT 


33 
+5V 
8 
GAIN" 
OFFSET ADJUST 


32 
UNIPOLAR 
OFFSET' 
9 
ANALOG 
GROUND 


31 
UNIPOLAR 
OFFSET'" 
10 
ANALOG 
GROUND 


30 
+15V 
11 
ANALOG 
GROUND 


29 
BIT 7 
12 
ANALOG 
GROUND 


28 
CORRECTION 
BIT' 
13 
ANALOG 
GROUND 


27 
CORRECTION 
BIT' 
14 
ANALOG 
GROUND 


26 
BIT8 
15 
ANALOG 
GROUND 


25 
BIT9 
16 
ANALOG 
GROUND 


24 
BIT10 
17 
+5V 


23 
BIT 11 
18 
DIGITAL 
GROUND 


22 
BIT 12 
19 
-15V 


21 
CONVERSION 
STATUS 
20 
ENCODE COMMAND 


NOTES 
Although 
Grounds 
.re 
Designated 
as Analog 
or DigiUl •.All 
Grounds 
Should 
Be Connected 
to • Single Common 
Low· 


Impedance 
Ground 
Plane for Best Results. 


'Pins 
2 and 31 Must 
Be Bypassad 
to Ground 
with 
0.1f1F for 
Optimum 
Performance. 


2For Unipolar 
Operation, 
Connect 
Pins 31 and 32; 
for Bipolar Operation. 
Ground 
Pin 32 end Connect 
Pin 31 Only 
to 0.1f1F. 


'Pins 
27 and 28 Must 
Always 
Be Strappad 
Togather 
with 
No Other 
Connections. 


THEORY 
OF OPERATION 
Refer to the block diagram of the AD9003. 


Basically, the design of the unit is based on successive approxi- 
mation techniques. 
However, the AD9003 also uses parallel 
encoding for the most significant bits (MSBs). 


When a TTL-compatible 
Encode Command signal is applied to 
Pin 20, it causes the internal Timing Generator to generate 
strobe pulses used for controlling the timing of the various 
actions within the device. 


The encode command causes the track-and-hold 
(T/H) 
to switch 
from a "track" 
mode to a "hold" mode; switches the 6-bit flash 
convener 
to a tracking mode of operation to allow it to reach 
the held value from the TIH; and resets the SAR. When the 
flash convener 
output has been determined, 
Bits I - 6 become 
inputs to the 12-bit D/A converter. 


If the DIA voltage applied to the comparator is greater than the 
"held" value being applied to the comparator, 
a correction bit is 
turned on. If the D/A voltage is less, there is no correction bit 
and no change in the signal. 


At this point, the D/A output voltage and the correction circuit 
outputs are 12-bit accurate. 
Standard successive approximation 
techniques are used to determine Bits 7 - 12; the end result is a 
12-bit parallel output from the AD9003 AID Convener. 


The overall linearity of the AD9003 is independent 
of the flash 
convener, 
which materially enhances the performance of the 
unit. In addition, 
the architecture 
used in the convener makes 


it less sensitive to nonlinearities caused by DIA and/or comparator 
settling. 


Performance of the AD9003 is equivalent to that of an ultrahigh- 
speed SAR type of design. But the design techniques which are 
used relieve the stringent comparator/DAC 
settling requirements 


usually associated with SAR designs. Instead, the AD9003 reaps 
the benefits of combining the best characteristics of flash conveners 
and SARs while avoiding the penalties which are inherent in 
each individually. 


Refer to Figure I, the timing diagram for the AD9003. In this 
illustration, 
spacing between encode commands is shown as it 
would be for a IMHz word rate, i.e., l000ns. The width of the 
encode pulse is at its minimum value of 2oons. 


The period of data validity associated with each encode command 
appears, in the figure, to be relatively shon. Remember, however, 
each encode command generates the necessary switching to 
perform the digitizing function, and causes the output data to 
begin changing. 
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CONVERSION 
II 
I 
STATUS 
I 
---------------, 
--l f- tv 
toe--l 
• 


MIN 
200ns 
1000ns 
tw 
ENCODE 
COMMAND 
PULSE WIDTH 
tE 
SPACING 
BETWEEN 
ENCODE 
COMMANDS 
tc 
CONVERSION 
TIME 
tv 
DATA 
VALID 
toe DATA CHANGING 


850ns 
SOns 
35ns 


In Figure I, the timing is based on a maximum encode rate, 
with minimum spacing between encode commands. At lower 
conversion rates, this spacing would be lengthened correspondingly 
and the interval when data are valid would become longer. 


Internal timing within the AD9003 typically requires nOns to 
accomplish the necessary switching and processing of the analog 
input "frozen" by the encode command. 
Since the AD9003 is a 


true IMHz converter, this leaves 230ns for the TIH to re-establish 
full accliracy when it returns to the "track" mode at the completion 
of the digitizing period. 


This addition of the required nOns and the 230ns accuracy 
increment 
shows up as a total of 1,000ns minimum between 
encode commands in Figure I; any shorter interval will detract 
from the overall performance 
of the unit. Higher encode rates, 
Le., shorter intervals between encode commands, are possible; 
but they may cause distortion on high-frequency 
analog signals 
because the TIH will not be fully settled when it is switched to 
the "hold" mode. 


SETTING 
GAIN AND OFFSET 
Varying gain and offset for the AD9003 enhances performance 
of the unit and increases its flexibility in applications. 
One 
suggested method of obtaining approximately 
5% variation in 
each is shown in Figure 2. 


The AD9003 can be operated in a unipolar mode or a bipolar 
mode; strap options and adjustments 
of the external controls 
shown in Figure 2 determine which is used. When calibrating 
for either mode, apply an encode command at the word rate 
frequency of the system to Pin 20. 


Connect a precision voltage source between the ANALOG INPUT 
connection shown in Figure 2 and ground. 
Set its output for the 
voltage shown in Table I as being equal to - FS + 1I2LSB for 
the input range to be used (-0.6mV 
for unipolar operation and 
+ 2.4994V for bipolar operation if using the full-scale 5V input 
range of the AD9003). 


Adjust the OFFSET 
control for a digital output which "dithers" 


betweenססooססooססoo andססooססoo 0001. 


To set gain, readjust the output of the voltage reference source 
to the value shown in Table I as being equal to + FS - 1-1I2LSB 
for the input range to be used (-4.9982V 
for unipolar operation; 
- 2.4982V for bipolar operation with the full-scale 5V range). 


Adjust the GAIN control for a digital output which "dithers" 
between 1111 1111 III 0 and 1111 1111 111l. 


Figures 3 and 4 provide additional information about the switching 
points of the LSB when adjusting for either unipolar or bipolar 
operation using the full-scale 5V input. 


AD9003 DRIVER CIRCUIT 
WITH CLAMP 
The choice of the driver amplifier for an AID can have significant 
effect on the performance of the converter. The ADI AD96l0 


Op Amp is the recommended 
choice for operation with the 
AD9003. This amplifier has extremely fast settling time and low 
distortion; these are especially important 
as the selected word 
rate frequency approaches the Nyquist limit. 


In some applications, 
the analog input signals to be digitized 
may be outside the 5V range of the AD9003 converter, 
which 
can detract from the performance 
of the device by driving it 
into saturation. 


At input frequencies greater than 50kHz, overloads larger than 
approximately 
25% will saturate the front-end circuits of the 
internal track-and-hold. 
When the overload is removed, the TIH 
may cause erroneous codes to be generated at the output. 
Figure 5 shows a suggested circuit to avoid this. 


For 
For 
For 
For 
UNIPOLAR 
Apply 
And 
"Dither" 
BIPOLAR 
Apply 
And 
"Dither" 


Input 
Reference 
Adjust 
Between 
Input 
Reference 
Adjust 
Between 


Oto -5V 
-0.6mV 
OFFSETסס oo 0000 0000 and 
0.00 
0.00 
OFFSET 
011111111111 and 
סס ooסס oo 000I 
1000סס oo 0000 
Oto -5V 
-4.9982V 
GAIN 
l111111111lOand 
±2.5V 
-2.4982V 
GAIN 
111111111110and 
111111111111 
111111111111 


I 
I 
I 
I 
~:---L_--L 
I 
I 
I 
I 
IIIIIIIII 
II 
• 
+FS 
(LSBs) 


I 
-FS 
I -FS 
: -FS 
(LSBs) 
: 
+1 
I +2 


I 
I 
I 
I 
-O.6mV 
-1.8mV 


I 
I 
+FS 
+FS 
-2 
I -1 


INPUT VOLTAGE 
I 
I 
-4.9982V 


111"11---------, 
111 ... 110 ---------rl--- 
I 
I 
I 
I 


-2.4982V 
I 
I 
(, 
+~s!+:s 
+~s 
-2 
-1 (lSBsl 
I 
+2.4994V 
i 
I 
IL 


1------------ 


--------------- 


In this diagram, the value of the feed forward resistor RFF is 
calculated on the basis of the equation: 


RFF= IDesired Full-Scale Bipolar VoltageJ x 500 


The circuit eliminates saturating the internal TIH of the AD9003. 
Using an Analog Devices AD9610 ahead of the convener allows 
± 3x overdrives before the amplifier goes into saturation. 
Even 
in those instances in which the input signal exceeds the ± 3x 
limit, the AD9610 comes out of saturation much more quickly 
than the input circuits of the convener 
would under the same 
circumstances. 


Bipolar inputs to the AD9003 are held to a maximum of ±2.5V 
by the clamp circuits made up of IN2810 Schottky diodes. The 
Analog Devices AD744 amplifiers and their associated circuits 
are for the purpose of clamping the Schottky diodes at the desired 
maximum input levels. As shown, 
+ CLAMP ADJUST and 
-CLAMP 
ADJUST 
are set for +2.530V 
and -2.530V 
respectively. 


AD9003 


These adjustment 
values take into account the gain and offset 


tolerances of the AD9003. If resistors with low temperature 
coefficients are selected, the clamp circuit will operate over the 
entire temperature 
range of the convener. 


The bipolar circuit in Figure 5 can also be used for unipolar 
operation of the AID with only minor changes. For this mode, 
the upper op amp (AD744 # I) and its associated reference 
circuits are removed; the upper IN2810 clamp is connected, 
instead, to ground. 


With these changes, the unipolar full-scale overdrive limit is 
1.5x rather than the 3x of the bipolar connections; 
but this will 


prevent saturating the front end circuits of the AD9003. The 
value of RFF in the unipolar circuit is based on: 


RFF= IDesired Full-Scale Unipolar Voltagel x 250 • 


ADJUSTTO 
+2.530V 
~ 
3,kU 


~ 
O.o1"F 


HPS082·2S10 


/ 
3kll 
~O.01"F 
ADJUST TO 
-2.530V 


in laying out the circuit. It is critical to use the shonest possible 
lead lengths and circuit runs. Construct the circuit on a large, 
low-impedance ground plane containing the maximum possible 


power suppl1es; these should be connected as closely as possible 
to the supply pins. A suggested layout for the AD9003 when it 
is mounted on a printed circuit board is shown in Figure 6. 
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C8 
C7 
C6 
C3 
~Ul 
Z0 
SOLDER SIDE TRACE 
() 
4 
• 
COMPONENT 
SIDE TRACE 
• 


GROUND 
CONNECTION 


C1 - C3 = 1OJ.lFTANTALUM 
CAPACITOR 
C4- C11 =0.1 j.lF CERAMIC CAPACITOR 


'FOR UNIPOLAR 
OPERATION, 
CONNECT 
PINS 31 AND 32; FOR BIPOLAR, GROUND 
PIN32ANDCONNECTPIN31 
ONLY TO C7. 


Figure 6. AD9003 Suggested 
Layout 
(As Viewed from Bottom - Not to Scale) 


1IIIIIIII ANALOG 
WDEVICES 


I 


FEATURES 
Complete 12-Bit AID Converter 
Includes Track and Hold. Reference. and Timing 
Bipolar Analog Input (±1.024 VI 
Up to 10 MSPS Sampling Rate 
Low Power Dissipation: 3.2 W 
Low Harmonic Distortion 
MIL-STD-883-Compliant Versions Available 


APPLICATIONS 
Radar 
Digital Receivers 
Electro-Optics 
Medical Scanners 
Signal Intelligence 
Spectrum Analyzers 


GENERAL 
DESCRIPTION 
The AD900SA is a complete l2-bit AID converter which in- 
cludes on-board track-and-hold 
amplifier, voltage reference, and 
timing circuits. Featuring sampling rates from dc to 10 MSPS, 
the AD900SA uses a subranging converter architecture 
to 
achieve high speed and high resolution. Dynamic performance 
includes a SNR of 64 dB and harmonic distortion of - 72 dBc 
with a 4.3 MHz analog input. 


This unit replaces its predecessor, the AD900S. The AD900SA 
uses a higher level of integration than the earlier design to pro- 
vide increased performance, 
better reliability, and reduced cost. 


The AD900SALM guarantees a minimum 76 dBc (@ 2.3 MHz) 
spurious free dynamic range (SFDR) for applications which 
have demanding ac performance requirements. 
All grades are 
fully tested for dynamic performance. 


12-Bit,10 MSPS 
AID Converter 


AD9005A 
I 
• 
9, 


DIGITAL 
I I DATA 
OUTPUTS 
) 


Critical to the performance of the AD900SA is the use of ad- 
vanced bipolar integrated circuits, custom designed for this de- 
vice and manufactured 
by Analog Devices. The AD900SA is 
TTL-compatible 
with offset binary outputs. 
It is available in a 
46-pin hermetic metal DIP in two temperature 
ranges: O·C to 


+70·C commercial range and -55°C to + 125°C military range 
(case temperature). 


The AD900SA is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products Data- 
book or current AD900SAl883B data sheet for detailed 
specifications. 


AD9005A- 
SPECIFICATIONS 


ABSOLUTE 
MAXIMUM 
RATINGS' 


Positive Supply Voltage (+Vccl 
+ 18 V 
Negative Supply Voltage (-VEE) 
••••••••••••••• 
-18 V 


Positive Supply Voltage (+Vs) 
+6 V 


Negative Supply Voltage (-Vs) 
-6 V 


Analog Input Voltage (Pin 45) 
±3.0 V de 
Digital Input Voltage 
-0.5 
V to + Vs 


Digital Output Current 
4 mA 


Operating Temperature 
Range (Case) 


AD9005KM 
O°Cto + 70°C 


AD9005TM 
-55°C to + 125°C 


Storage Temperature 
Range 
-65°C to + 150°C 
Junction Temperature2 
•••••..•••••••••••••• 
+ 175°C 
Lead Soldering Temperature 
(10 see) 
+ 300°C 


Commercial 
Commercial 
Military 
O'C to +70'C 
O'C to +70'C 
- 55°C to + 12S"C 
Test 
AD900SAKM 
AD9005ALM 
AD900SATM 
Parameter 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
+2SoC 
I 
12 
12 
12 
Bits 
LSB Weight 
Full 
V 
0.5 
0.5 
0.5 
mV 


STATIC ACCURACY 
Differential 
Nonlinearity 
+2S"C 
I 
-0.75 
±O.S 
+0.75 
-0.75 
±O.S 
+0.75 
-0.75 
±O.S 
+0.75 
LSB 
Full 
VI 
-1.0 
+1.5 
-1.0 
+1.5 
-1.0 
+1.5 
LSB 
Integral Nonlinearity 
+2S"C 
I 
±1.0 
± 1.25 
±1.0 
± 1.25 
±1.0 
± 1.25 
LSB 
Full 
IV 
±2.25 
±2.25 
±2.25 
LSB 


No Missing Codes 
Full 
VI 
GUARANTEED 
GUARANTEED 
GUARANTEED 


Gain Error 
+25"C 
I 
±0.5 
±l.O 
±0.5 
±1.0 
±0.5 
±1.0 
%FS 


Full 
VI 
±2.0 
±2.0 
±2.0 
%FS 
Offset Error 
+25"C 
I 
±4 
:tIS 
±4 
±15 
±4 
±15 
mV 


Full 
VI 
±30 
±4O 
±4O 
mV 


ANALOG INPUT 
Input Voltage Range 
Full 
V 
±1.024 
±1.024 
±1.024 
V p-p 
Input Resistance 
Full 
VI 
950 
1000 
1050 
950 
1000 
1050 
950 
1000 
1050 
n 


Input Capacitance 
+25"(; 
V 
5 
5 
5 
pF 


Large Signal Input Bandwidth' 
Full 
V 
38 
38 
38 
MHz 


DYNAMIC CHARACTERISTICS' 


Maximum Conversion Rate 
Full 
I 
10 
10 
10 
MSPS 
Output Data Delay" 
9 (tpo) 
+2S"C 
V 
90 
90 
90 
ns 


Aperture Delay (tA) 
+2SoC 
V 
5 
5 
5 
ns 


Aperture 
Uncertainty 
+2S"C 
IV 
10 
20 
10 
20 
10 
20 
ps rms 


Transient Response (to ± 1 LSBf 
+2S"C 
IV 
120 
120 
120 
ns 
Overvoltage Recovery TimeS 
+2S"C 
IV 
250 
250 
250 
ns 


(to ±1 LSB) 


Harmonic Distortion 10, 
.• 


FIN = 540 kHz 
+2S"C 
IV 
-73 
-78 
-79 
-83 
-73 
-78 
dBc 
FIN ~ 2.3 MHz 
+2SoC 
I 
-68 
-72 
-76 
-80 
-68 
-72 
dBc 


Full 
VI 
-67 
-75 
-66 
dBc 
FIN ~ 4.3 MHz 
+2SoC 
I 
-66 
-72 
-68 
-75 
-66 
-72 
dBc 


Full 
VI 
-65 
-67 
-63 
dBc 


Signal to Noise Ratioll." 


FIN ~ 540 kHz 
+2S"C 
IV 
65 
67 
66 
68 
65 
67 
dB 


FIN = 2.3 MHz 
+25"(; 
I 
63 
65 
65 
66 
63 
65 
dB 
Full 
VI 
63 
64 
60 
dB 


FIN = 4.3 MHz 
+25"C 
I 
62 
64 
63 
65 
62 
64 
dB 
Full 
VI 
61 
62 
60 
dB 
Two-Tone Intermodulation 
Distortion'2 


FIN ~ 2.2 MHz + 2.3 MHz 
+25"C 
V 
-75 
-76 
-75 
dBc 


ENCODE INPUT" 


Logic "I" Voltage 
Full 
IV 
2.0 
2.0 
2.0 
V 


Logic "0" Voltage 
Full 
IV 
0.8 
0.8 
0.8 
V 


Logic "." Current 
Full 
I 
150 
150 
150 
I!A 


Logic "0" Current 
Full 
I 
150 
150 
150 
I!A 


Input Capacitance 
+2S"C 
V 
5 
5 
5 
pF 
Encode Pulse Width (High) 
+25"(; 
IV 
25 
25 
25 
ns 


DIGITAL OUTPUTS 


Logic "1" Voltage (2 mA Source) 
Full 
I 
2.4 
2.4 
2.4 
V 


Logic "0" Voltage (4 mA Sink) 
Full 
I 
0.4 
0.4 
0.4 
V 


Logic Coding 
Full 
IV 
Offset Binary 
Offset Btnary 
Offset Btnary 


Commercial 
Commercial 
Military 
O·C to +70·C 
O·C to +70·C 
-SS·C to + 12S·C 
Test 
AD900SAKM 
AD900SALM 
AD900SATM 
Parameter 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


POWER SUPPLY 
Supply Voltage +Vcc 
Full 
VI 
+14.25 
+15.0 
+ 15.75 
+14.25 
+15.0 
+ 15.75 
+14.25 
+15.0 
+ 15.75 
V 


Supply Current + Vcc 
Full 
VI 
IS 
25 
15 
25 
15 
25 
mA 
Supply Voltage -VEE 
Full 
VI 
-14.25 
-15.0 
-15.75 
-14.25 
-15.0 
-15.75 
-14.25 
-15.0 
-15.75 
V 


Supply Current - VEE 
Full 
VI 
30 
55 
30 
55 
30 
55 
mA 


Supply Voltage +Vs 
Full 
VI 
4.75 
5.0 
5.25 
4.75 
5.0 
5.25 
4.75 
5.0 
5.25 
V 


Supply Current Analog + Vs 
Full 
VI 
180 
210 
180 
210 
180 
210 
mA 
Supply Current Digital + Vs 
Full 
VI 
43 
60 
43 
60 
43 
60 
mA 
Supply Voltage -Vs 
Full 
VI 
-4.95 
-5.2 
-5.45 
-4.95 
-5.2 
-5.45 
-4.95 
-5.2 
-5.45 
V 


Supply Current Analog - Vs 
Full 
VI 
210 
250 
210 
250 
210 
250 
mA 


Supply Current Digital - Vs 
Full 
VI 
65 
100 
65 
100 
65 
100 
mA 


Nominal Power Dissipation 
Full 
VI 
3.2 
4.0 
3.2 
4.0 
3.2 
4.0 
W 


PSRR13,lS 
+25·C 
I 
0.01 
0.02 
0.01 
0.02 
0.01 
0.02 
%/% • 


NOTES 
1Absolute maximum ratings are limiting values) to be applied individually) and beyond which the serviceability of the circuit may be impaired. Functional oper- 
ation under any of these conditions is not necessarily implied. Exposure to absolute rating conditions for extended periods of time may affect device reliability. 
2Maximum junction temperature should not be allowed to exceed + 175°C. Hybrid thermal model: 
tJUNCTION::::tAMBIENT+ PDlSSIPATIONx (OCA)+ (Ts - Td 
max 
where (Ts - Tc) max = IO·C 
46 Pin metal DIP: 0CA= 14°C/W in still air; 
6CA = 6·CJW with 500 LFPM air flow 


3Determined by 3 dB reduction in reconstructed output. 
'Input at I dB below full scale. 
sMeasured at 10 MHz encode rate. 
6Measured from ENCODE in to data out for LSB only. 
7For full-scale step input; 12-bit accuracy is attained in the specified time. 
8Recovers to 12-bit accuracy in specified time following 200% full-scale input voltage. 
9Excludes pipeline delay of two clock cycles (see timing diagram). 
IOWorstcase spurious in-band signal relative to input level. 
IlRMS signal to RMS noise, including harmonics. 
12Worst case spurious in-band signal relative to level of input tones, which are both -7 dB below full scale. 
13Sensitivityof full-scale gain error with respect to power supply variation within supply MiniMax limits. 
14ENCODE signal rise and fall times should be less than 5 ns for normal operation. Transition from "0" to "I" initiates conversion. 
ISPSRR is tested over given voltage range. 
Specifications subject to change without notice. 


EXPLANATION 
OF TEST 
LEVELS 
Test Level 
I 
- 
100% production tested. 
II 
100% production tested at +2S·C, and sample tested 
at specified temperatures. 


III 
Periodically sample tested only. 
IV 
Parameter is guaranteed by design and characterization 
testing. 
V 
Parameter is a typical value only. 
VI 
All devices are 100% production tested at +25°C. 100% 
production 
tested at temperature 
extremes for military 
temperature 
devices. Guaranteed, 
not tested, for 
commercial temperature 
range 
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ENCODE 


Pin 
I 
2 
3 
4 
5 
6 
7,8 
9 
10--19 
20 


21 
22,23 
24 
25,26 
27-29 
30 
31 
32 
33 
34,35 
36 
37,38 
39,40 
41 
42 
43 
44 
45 
46 


GROUND 
NC 
ANALOG 
+Vs 


TIH OUT 
NDIN 
ANALOG 
-Vs 


DNC 
Dll (MSB) 
D,-DIO 
Do (LSB) 


Description 


Circuit ground. All grounds should be connected together near the AD9005A. 
Not internally connected. 
Positive analog supply pin. Nominally +5 V dc. 
Output of internal track-and-hold 
amplifier. Connect to Pin 5 for normal operation. 


Input to internal ND encoder. Connect to Pin 4 for normal operation. 
Negative analog supply pin. Nominally -5.2 
V dc. 


Do not connect. Internal test point. 
Most significant bit of digital output data. 
Digital data outputs. 
Least significant bit of digital output data. 


OUTPUT 
CODING 


ANALOG 
INPUT 


2:+ 1.024V 
:5-1.024V 


Dll 
DIO 
D. 
D. 
D7 
Do 
D, 


I 
I 
I 
I 
I 
I 
I 
o 
0 
0 
0 
0 
0 
0 


D. 
D3 


I 
I 
o 
0 


Positive digital supply pin. Nominally + 5 V dc. 
Circuit ground. All grounds should be connected together near the AD9005A. 
Convert command. TTL compatible, rising edge triggered. 
Circuit ground. All grounds should be connected together near the AD9005A. 
Do not connect. Internal test point. 
Positive analog supply pin. Nominally +5 V dc. 
Negative digital supply pin. Nominally -5.2 
V dc. 


Circuit ground. All grounds should be connected together near the AD9005A. 
Negative analog supply pin. Nominally -15 V dc. 
Circuit ground. All grounds should be connected together near the AD9005A. 
Do not connect. Internal test point. 
Circuit ground. All grounds should be connected together near the AD9005A. 
Do not connect. Internal test point. 
Not internally connected. 
Negative analog supply pin. Nominally -5.2 
V dc. 


Negative analog supply pin. Nominally -15 V dc. 
Positive analog supply pin. Nominally + 15 V dc. 
Analog input. Full scale of ±1.024 V. 
Circuit ground. All grounds should be connected together near the AD9005A. 
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• 
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APPLICATIONS 
INFORMATION 
The AD9005A is a complete analog-to-digital converter. The 
AD9005A uses a subranging AID architecture 
enhanced by hy- 
brid technology. This includes an on-board track-and-hold 
am- 
plifier, on-board references, timing circuitry and output latches. 


The analog input of the AD9005A is fed directly into the inter- 
nal track-and-hold 
amplifier, thus eliminating the need for exter- 
nal signal conditioning in many applications. This amplifier 
provides low input capacitance and a bipolar (± 1.024 V) input 
range. Normally reverse-biased Schottky diodes on the input 
provide overrange protection. 
If the amplitude, 
bandwidth or dc 
voltage level of the analog input signal calls for external signal 
conditioning, 
it is advisable to use an amplifier with low har- 
monic distortion and low noise characteristics. 
Selecting the am- 
plifier may be difficult because the performance of the 
AD9005A will probably exceed the performance of most com- 
mercially available amplifiers. A notable exception is the 
AD96l7, 
a wideband, low noise current feedback amplifier. It is 
important to remember that band limiting the analog input sig- 
nal can avoid aliasing during the AID conversion process. 


Timing in the AD9005A is critical, and careful measures must 
be taken to support 12-bit accuracy. One simple way to enhance 
the performance of the AD9005A is to synchronize the system 
clock to a crystal oscillator. This will minimize any clock jitter, 


a must for maintaining the spectral purity of analog signals near 
Nyquist limits. Because the conversion cycle begins with the 
rising edge of the encode signal, a fast, clean rising edge will 
also help to reduce any clock jitter. 


When the ENCODE 
signal of the AD9005A goes HIGH, the 
internal track-and-hold 
enters the hold state; after 65 ns, it 
returns to track mode. In applications in which the AD9005A is 
clocked slowly or intermittently 
(i.e., in burst mode), the en- 
code signal should be returned to a logic LOW state during the 
idle periods. 


The ENCODE 
signal pulse width should also be adjusted so 
that it is in the HIGH (hold) state for a minimum of 25 ns. This 
ensures that the T/H enters the hold mode before the AID con- 
version takes place. 


The AD9005A has many appealing characteristics for 12-bit AID 
converter applications. 
Its dynamic performance is state-of-the- 
art in hybrid technology. Typical applications include radar, 
missile guidance, digital oscilloscopes, waveform analyzers, med- 
ical instrumentation, 
electro-optics, communications 
and ESM. 


DIGITAL 
OUTPUT 
DATA 


Layout Information 
The accuracy of a 12-bit converter, especially one with the dy- 
namic performance level of the AD9005A, requires that design- 
ers pay careful attention to printed circuit board layouts. Analog 
signal paths should be impedance matched, with termination! 
load resistors at or near package connections. Analog signal 
paths should also be isolated from digital signal paths. Other- 
wise digital signals can be capacitive1y coupled into the analog 
section of the circuit, degrading the overall performance of the 
ND converter. 


Digital switching noise on power supplies can also degrade con- 
verter performance. 
Because of this noise (inherent with TTL 
logic), the digital power supplies of the AD9005A should be 
separated from the analog power supplies. In addition, each 
power supply should be capacitively decoupled to ground. To 
accomplish this, a single large value capacitor with a high reso- 
nant frequency (a 10 IJ.F tantalum capacitor for example) should 
be used on each of the AD9005A's power supplies, at or near 
the package. In addition, a lower value capacitor with good high 
frequency characteristics (a 0.1 IJ.Fceramic chip capacitor is rec- 
ommended) should be connected to each power supply pin 
connection. 


For applications in which only single +5 V and/or -5.2 
V sup- 
plies are available, a ferrite bead, placed in series between the 


analog and digital power pins, can be used to isolate the digital 
noise from the analog circuits. 


Noise on the circuit ground is often the limiting factor in AID 
converter performance. 
Perhaps the most critical concerns of 
circuit layout are the ground connections. 
To reduce ground 
noise, a two-sided printed circuit board is recommended, 
the 
component side being reserved (as much as possible) for a sin- 
gle, low impedance ground plane. The other side should be used 
for all (possible) power and signal connections. 
Each of the 
ground connections of the AD9005A should be connected to the 
ground plane, and most of the area under the AD9005A should 
be part of this ground plane. The metal case of the AD9005A is 
connected to ground. 


Operation of the AD9005A requires that Pin 4, the output of 
the internal track-and-hold, 
be connected to Pin 5, the input to 


the AD9005A's AID converter circuitry. A suggested layout, 
showing this connection, is shown below. 


A final suggestion regarding circuit layout concerns the use of 
sockets. Ideally, parts should be soldered into boards in final 
designs. If sockets must be used, individual pin sockets are 
recommended 
to avoid lead inductance and capacitive coupling 
between adjacent pins. Pin sockets are available from Amp, 
part #6- 
330808-0. 
• 
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Package 
Model 
Temperature 
Range 
Package 
Option* 


AD9DDSAKM 
DOC to +7DoC 
46-Pin DIP, Commercial Temperature 
M-46 
AD900SALM 
DOC to +7DoC 
46-Pin DIP, Commercial Temperature 
M-46 
AD900SATM 
-SsoC to + UsoC 
46-Pin DIP, Military Temperature 
M-46 
AD900SAlPCB 
DOC to +7DoC 
AD900SA Evaluation Board 
M-46 
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ANALOG 
INPUT 
FREQUENCY 
- 
MHz 
(ENCODE 
RATE 
= 10MSPS) 


OUTLINE 
DIMENSIONS 


Dimensions 
shown 
in inches 
and (mm). 


-,ANALOG 
LiII DEVICES 
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FEATURES 
500MSPS 
Encode 
Rate 
Very 
Low 
Input 
Capacitance: 
8pF 
30dB 
SNR 
@ 200MHz 
Analog 
Input 


MIL·STD·883 
Available 
Bipolar 
Input 
Range 
(±1V) 
Demultiplexed 
Outputs 
(AD9016) 
MIL·STD·883·Compliant 
Versions 
Available 


APPUCATIONS 
Radar 
Warning 
Receivers 
Electronic 
Countermeasures 
Transient 
Recorders 


"Smart" 
Munitions 
Digital 
Oscilloscopes 


GENERAL DESCRIPTION 
The AD9006 and AD9016 are 6-bit, ultrahigh speed analog-to- 
digital converters. Both are fabricated in an advanced bipolar 
process, assuring exceptionally wide analog input bandwidth, 
and encode rates up to SOOMSPS.Functionally, 
the AD9006 
and AD9016 use "flash" architecture; 
the outputs of 64 parallel 
comparator stages are decoded to drive a bank of EeL output 
latches. 


The AD9006 features a bipolar analog input range (:!: IV). Out- 
put data is provided in a single 6-bit data bank; the data is ECL 
compatible and also includes complementary 
Data Ready signals 
and an overflow bit. ECL-level control pins allow the user to 
invert the MSB and/or LSBs. The AD9006 exhibits excellent 
SNR performance (3OdB SNR @ 200MHz input), and requires 
less than two watts of power. 


In the AD90l6, 
the performance and features of the AD9006 
are combined with on-board demuitiplexing 
circuits. Output 
data of the AD9016 are demuitiplexed 
to two 6-bit data banks, 
each of which includes a Data Ready signal and overflow bit. 
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AID Converters 


AD9006/AD9016 
I 


DO _ Dol INVERT 
'4 


MSaINVERT 
13 


ANALOG 


'""'" 
• 


- -------..., 


40 
ovt:RFlOW e: 


42 
Du 
eMS81 
: 


I:,,,, 
50 0,. 
I 


S2 
D.ClSII 
! 


________ 
.J 


The AD9006 and AD9016 are available as commercial tempera- 
ture range devices: 0 to +70oe; and military temperature 
range 


devices: -55°C to + 125°C. Both versions are offered in a ce- 
ramic 68-pin LCC, and a ceramic 68-pin leaded package. 


The AD9006/AD9016 are available in versions compliant with 
MIL-STD-883. 
Refer to the Analog 
Devices 
Military 
ProdlUts 


Databook 
or current AD9006/AD90l6l883B 
data sheet for de- 
tailed specifications 


+VstoGround 
-0.5Vdcto 
+7.0Vdc 
AGND to DGND 
-0.5V 
dc to +0.5V dc 


-Vs 
to Ground 
+0.5V dc to -6.0V 
dc 
ANALOG IN, +VREF-VREF 
-1.5Vto 
+1.5V 
MIDSCALE 
VREF2 


+VREF to -VREF 
2.1V 
MIDSCALE 
VREF Current 
±4mA 
Digital Input Voltages 
- Vs to OV 


ENCODE 
to ENCODE 
4V 


HYSTERESIS 
Input 
- Vs to + 3V 
ANALOG 
-Vs 
to DIGITAL 
-Vs 
±0.5V 
Operating Temperature 
Range 
AD9006/AD90l6KElKZ 
0 to +70°C 
AD9006/AD9016TElTZ/883 
-55°C to + 125°C 
Maximum Junction Temperature' 
+ 175°C 
Lead Soldering Temperature 
(10sec) . . . . . . . . . . .. 
+ 300°C 


Storage Temperature 
Range 
-65°C to + 150°C 


AD9006/AD9016KE 
AD9006/ AD9016KZ 
Test 
Parameter 
(Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Units 


RESOLUTION 
6 
Bits 


DC ACCURACY 
Differential Nonlinearity 
+25°C 
I 
0.2 
0.25 
LSB 
Full 
VI 
0.25 
0.5 
LSB 
Integral Nonlinearity 
+25°C 
I 
0.2 
0.25 
LSB 
Full 
VI 
0.25 
0.5 
LSB 
No Missing Codes 
Full 
VI 
GUARANTEED 


INITIAL 
OFFSET 
ERROR 
Top of Reference Ladder 
+25°C 
I 
15 
20 
mV 
Full 
VI 
20 
mV 
Bottom of Reference Ladder 
+25°C 
I 
14 
20 
mV 
Full 
VI 
20 
mV 
Offset Drift Coefficient 
Full 
V 
20 
fJ-VrC 


ANALOG INPUT 
Input Voltage Range 
Full 
V 
±1 
V 


Input Bias Current' 
+25°C 
I 
60 
100 
fJ-A 
Full 
VI 
130 
fJ-A 
Input Resistance 
+25°C 
III 
25 
70 
kO 
Input Capacitance 
+25°C 
III 
8 
10 
pF 
Analog Bandwidth' 
+25°C 
V 
550 
MHz 


REFERENCE 
INPUT 
Reference Ladder Resistance 
+25°C 
I 
64 
80 
110 
0 


Full 
VI 
50 
135 
0 


Ladder Temperature 
Coefficient 
Full 
V 
0.24 
orc 
Reference Input Bandwidth 
Full 
V 
30 
MHz 


DYNAMIC PERFORMANCE" 


Conversion Rate 
+25°C 
I 
470 
500 
MSPS 


Aperture Delay (tA) 
+25°C 
V 
1.2 
ns 


Aperture Uncenainty 
(Jitter) 
+25°C 
V 
3 
ps 


Output Delay (toDl 
+25°C 
I 
2.7 
3.6 
4.4 
ns 


Output Rise Time 
+25°C 
I 
1.3 
1.5 
ns 


Output Fall Time 
+25°C 
I 
1.3 
1.5 
ns 


Output Time Skew· 
+25°C 
I 
0.45 
0.7 
ns 


Data Ready Output Delay (tDR)" 
AD9006 
+25°C 
I 
2.7 
3.2 
4.4 
ns 


AD9016 
+25°C 
I 
3 
3.6 
4.7 
ns 


Transient Response 10 
+25°C 
V 
1 
ns 
Overvoltage Recovery Timell 
+25°C 
V 
1 
ns 


AD9006/AD9016KE 
AD90061 AD9016KZ 
Test 
Parameter 
(Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Units 


ENCODE INPUT 
Logic "1" Voltage 
Full 
VI 
-1.1 
V 


Logic "0" Voltage 
Full 
VI 
-1.5 
V 


Logic "I" Current 
Full 
VI 
400 
f.LA 
Logic "0" Current 
Full 
VI 
200 
f.LA 


Input Capacitance 
+25°C 
V 
3 
pF 
Encode Pulse Width!2 
+25°C 
I 
1.0 
ns 


AC LINEARITyl3 
Effective Number of Bits (ENOB) 


Analog Input 
@' 49MHz 
+25°C 
I 
5.2 
5.5 
Bits 


Analog Input 
@' 196MHz 
+25°C 
I 
4.4 
5.0 
Bits 


In-Band Harmonics 
Analog Input 
@' 9.3MHz 
+25°C 
I 
42 
48 
dBc 


Analog Input 
@' 49MHz 
+25°C 
I 
38 
44 
dBc 


Analog Input 
@" 92MHz 
+25°C 
I 
33 
36 
dBc 


Analog Input 
@" 145MHz 
+25°C 
I 
33 
36 
dBc 


Analog Input 
@" 196MHz 
+25°C 
I 
31 
36 
dBc 


Signal-to-Noise Ratio" 


(With Harmonics) 


Analog Input 
@" 9.3MHz 
+25°C 
I 
34 
37 
dB 
Analog Input 
@" 49MHz 
+25°C 
I 
30 
35 
dB 
Analog Input 
@" 92MHz 
+25°C 
I 
30 
34 
dB 
Analog Input 
@" 145MHz 
+25°C 
I 
30 
33 
dB 
Analog Input 
@" 196MHz 
+25°C 
I 
29 
32 
dB 
Signal-to-Noise Ratio!' 


(Without Harmonics) 


Analog Input 
@" 9.3MHz 
+25°C 
I 
36 
37 
dB 
Analog Input 
@ 49MHz 
+25°C 
I 
33 
36 
dB 
Analog Input 
@ 92MHz 
+25°C 
I 
33 
36 
dB 
Analog Input 
@ 145MHz 
+25°C 
I 
33 
35 
dB 
Analog Input 
@ 196MHz 
+25°C 
I 
31 
34 
dB 
Two-Tone Intermodulation 
Distortion Rejection 15 
+25°C 
V 
50 
dB 


DIGITAL 
OUTPUTS· 
Logic" 1" Voltage 
Full 
VI 
-1.1 
V 
Logic "0" Voltage 
Full 
VI 
-1.5 
V 


POWER SUPPLY (AD9OO6) 


Positive Supply Current 
+25°C 
I 
25 
29 
mA 


(+Vs 
=+5.0V) 
Full 
VI 
30 
mA 
Negative Supply Current 
+25°C 
I 
320 
380 
mA 


(-Vs 
=-5.2V) 
Full 
VI 
395 
mA 
Nominal Power Dissipation 
+25°C 
V 
1.7 
W 


Reference Ladder Dissipation 
+25°C 
V 
50 
mW 


Power Supply Rejection Ratio'• 
Full 
VI 
2 
4 
mVN 


POWER SUPPLY (AD9016) 


Positive Supply Current 
+25°C 
I 
25 
29 
mA 


(+Vs 
=+5.0V) 
Full 
VI 
30 
mA 
Negative Supply Current 
+25°C 
I 
375 
420 
mA 


(-Vs 
=-5.2V) 
Full 
VI 
450 
mA 
Nominal Power Dissipation 
+25°C 
V 
2.0 
W 
Reference Ladder Dissipation 
+25°C 
V 
50 
mW 
Power Supply Rejection Ratio!· 
Full 
VI 
2 
4 
mVN 


• 


NOTES 
IAbsolute maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 


2+VREF>-VREF 
under all circumstances. 
'Typical thermal impedances: 
68-pin leaded ceramic chip carrier 
8jA 
= 31oCIW; aJC = 1.1oCIW. 
68-pin ceramic Lee aJA =36°C!W; 0Je = 2.6°CIW. 
4Measured with analog input =OV. 
5Measured with use of Fast Fourier Transform (FFT). 
See Definitions. 
'Outputs 
terminated through lOOn to -2.0V; CL <4pF 
'Measured from 50% point of leading edge of ENCODE command to -1.3V point of output data. 
80utput time skew includes HIGH-to-LOW 
and LOW-to-HIGH 
transitions as well as bit-la-bit time skew differences. 
'Measured from 50% point of trailing edge of ENCODE command to 50% point of Data Ready pulse. 


IOPor full scale step input, 6-bit accuracy is attained in the specified time. 
IIRecovers to 6-bit accuracy in specified time after 150% full scale input overvoltage. 
12ENCODE command rise/fall times should be less than 2.5ns for normal operation. 
"Measured at 400MSPS encode rate; input level I.OdB below full scale (FS). 
14RMSsignal to rrns noise with analog input signal of IdB below full scale at specified frequency. 
"Intermodulation 
measured with analog input frequencies of 60MHz and 70MHz at 7dB below full scale. 


16Measuredat +Vs =+5.0V 
:t5% or -Vs 
=-5.2V 
:t5%j specification shown is for worst case (see Definitions). 


Specifications subject to change without notice. 


Test 
Level 


I 
100% production 
tested. 


II 
100% production 
tested 
at + 25'C, 
and 
sample 
tested 
at specified 
temperatures. 
III 
Sample 
tested 
only. 
IV 
Parameter 
is guaranteed 
by design 
and characterization 
testing. 
V 
Parameter 
is a typical 
value 
only. 
VI 
All devices 
are 
100% production 
tested 
at + 25°C. 
100% production 
tested 
at temperature 
extremes 
for 
extended 
temperature 
devices; 
sample 
tested 
at temper- 
ature 
extremes 
for commercial/industrial 
devices. 


Package 


Model' 
Temperature 
Description 
Option' 


AD9006KE 
o to +70'C 
68-Pin 
Ceramic 
LCC 
E-68A 
AD9006KZ 
Oto 
+70°C 
68-Pin 
Leaded 
Ceramic 
Chip Carrier 
Z-68 
AD90l6KE 
o to +70'C 
68-Pin 
Ceramic 
LCC 
E-68A 
AD9016KZ 
o to +70'C 
68-Pin 
Leaded 
Ceramic 
Chip Carrier 
Z-68 
AD9016KElPCB 
o to +70°C 
Evaluation 
Board; 
AD90l6KE 
Installed 


AD9016IPCB 
o to +70°C 
Evaluation 
Board; 
No Converter 


NOTES 
IMIL-STD-883 versions available; contact factory. 
2E = Ceramic Leadless Chip Carrier; Z = Ceramic Leaded Chip Carrier. For outline information see 
Package Information section. 
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AD9006/AD9016 PIN DESCRIPTIONS 
NC 
Not internally connected. 


ANALOG IN 
Analog input connection. Analog input is 
nominally between -I.OV 
and + I.OV. 


ANALOG 
+Vs 
Positive supply pins; nominally +5.0V. 


+ VREF 
The positive reference voltage applied to 
the internal resistor ladder. 


OVERFLOW 
INHIBIT 


BIT INVERT 


(MSB) 


Voltage sense line to the most positive 
reference voltage of the resistor ladder. 
The sense line is intended for connection 
to a high impedance node and has limited 
current capability. It is intended to be 
used to null offset at the top of the 
reference ladder. 


Analog and digital ground connections for 
the AD9OO6IAD9016 units. For optimum 
performance, 
all grounds should be 
connected together and to a low impedance 
ground plane as close to the device as 
possible. [NOTE: On both the AD9006 
and the AD90l6, 
Pins 8, 9, 15, 16, 35, 36, 
56 and 57 are digital ground (DGND); 
pins 67 and 68 are analog ground 
(AGND).] 


Overflow bit control pin. OVERFLOW 
INHIBIT 
is connected to ground for 
normal operation (no overflow bit, 
nonrerurn-to- 
zero operation). When 
overflow inhibit is connected to - 5.2V or 
allowed to float, OVERFLOW 
= HIGH 
and output bits = LOW when the analog 
input voltage exceeds + VSENSE)' 


Most significant bit (Dos) control pin. BIT 
INVERT 
(MSB) is connected to ground 
for normal operation. When connected to 


DIGITAL-V. 
DIGITAL-V. 
OVERflOW 
IAHIBfT 
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AD9016 
TOP VIEW 


(Not to Scale) 


- 5.2V or allowed to float, MSB output is 
inverted. 


Bits Do-D, control pin, connected to 
ground for normal operation. When 
connected to - 5.2V or allowed to float, 
Do-D, data outputs are inverted. 


AD9016 only. Overflow data output for 
Data Bank "A." Logic HIGH indicates 
the analog input is greater than + VSENSE 
when OVERFLOW 
INHIBIT 
pin is 
LOW (-5.2V). 


AD9016 only. Most significant bit (MSB) 
digital data output of Data Bank "A." 


AD9016 only. D1A through D'A digital 
data outputs from Data Bank "A." 


AD9016 only. Least significant bit (LSB) 
digital data output of Data Bank "A." 


AD9016 only. Output Data of Bank "A" 
are valid at the rising edge of the DATA 
READY A pulse. Bank "A" carries every 
other sample of the AID conversion; Bank 
"B" carries the remaining samples. 


Negative digital supply pins, nominally 
-5.2V. 


Negative analog supply pins, nominally 
-5.2V. 


AD9016 only. Overflow data output for 
Data Bank "B." Logic HIGH indicates 
analog input is greater than + VSENSE 
when OVERFLOW 
INHIBIT 
pin is 
LOW (-5.2V). 


AD9016 only. Most significant bit (MSB) 
digital data output of Data Bank "B." 


MIDSCALE 
VREF 


AD9016 only. Least significant bit (LSB) 
digital data output of Data Bank "B." 


AD9016 only. Output data of Bank "B" 
are valid at the rising edge of the DATA 
READY B pulse. Bank "B" carries every 
other sample of the ND conversion; Bank 
"A" carries the remaining samples. 


The hysteresis control voltage varies the 
amount of hysteresis in the internal 
comparators. 
This pin normally floats at 
-3.17V; 
making pin more positive 
increases the hysteresis of the internal 
comparators. 


The midpoint tap on the internal reference 
ladder; can be connected to an external 
voltage to improve integral linearity of the 
ND converter. 


ECL-compatible 
noninverted 
input of the 
encode command. The conversion cycle 
begins on the rising edge of the ENCODE 
signal. 


ECL-compatible 
inverted input of the 
encode command, used when a differential 
encode signal is used. ENCODE 
should be 
tied to a voltage corresponding 
to the 
midpoint of the encode signal when a 
single-ended encode signal is used. 


Voltage sense line to the most negative 
reference voltage of the resistor ladder. 
The sense line is intended for connection 
to a high impedance node and has limited 
current capability. It is intended to be 
used to null offset at the bottom of the 
reference ladder. 


The negative reference voltage applied to 
the internal resistor ladder. 


AD9006 only. Least significant bit (LSB) 
of the output data. 


AD9006 only. D, through D. digital data 
outputs. 


AD9006 only. Most significant bit (MSB) 
of digital data output. 


AD9006 only. Overflow data output. 
Logic HIGH indicates the analog input is 
greater than + VSENSE 
when OVERFLOW 
INHIBIT 
pin is LOW (-S.2V). 


AD9006 only. Output data are valid at the 
rising edge of the DATA READY pulse. 


AD9006 only. Output data valid at the 
falling edge of the DATA READY pulse. 


1\Jlalog lSanaWl<ltn 
The analog input frequency at which the spectral power of the 
fundamental frequency (as determined by FFf 
analysis) is re- 
duced by 3dB. 


Aperture 
Delay (tA) 
The delay between the rising edge of the ENCODE 
command 


(or falling edge of ENCODE) and the instant at which the ana- 
log input is sampled. 


Aperture 
Uncertainty 
(Jitter) 
The sample-to-sample variation in aperture delay. 


Data Ready Output Delay (tDR) 
The delay between the SO%point of the falling edge of the 
ENCODE command (or rising edge of ENCODE) 
and the 
-1.3V 
point of the leading edge of the DATA READY pulse. 


Differential 
Nonlinearity 
The deviation of any code from an ideal ILSB step. 


Effective Number 
of Bits (ENOB) 
Signal-to-noise ratio (see definition below) is expressed in dB; 
but can also be expressed in Effective Number of Bits (ENOB) 
if ENOB is related to full scale inputs as follows: 


ENOB 
= (SNR -1.78)16.02 
ENOB is calculated with a sine wave curve fit method. 


In-Band Harmonics 
The rms value of the fundamental divided by the rms value of 
the worst of the first six harmonics. 


Integral Nonlinearity 
This specification (often called "linearity error") is the deviation 
of the transfer function from a reference line and is expressed in 
either % or ppm of full scale range, or in fractions of ILSB. In 
the AD9006 and AD9016 devices, this spec is measured in frac- 
tions of ILSB and uses a best-fit straight line determined 
by a 
least square curve fit. 


Output Delay (toD) 
The delay between the SO%point of the rising edge of the EN- 
CODE command (or falling edge of ENCODE) 
and the -1.3V 
point of output data. 


Output Time Skew 
Bit-to-bit time variations among Bits Do to D, and the overflow 
bit. In the AD9006 and AD9016 specifications, time skew in- 
cludes HIGH-to-LOW 
and LOW-to-HIGH 
transitions of the 
digital output bits. 


Overvoltage 
Recovery Time 
The amount of time required for the converter to recover to 6- 
bit accuracy after an analog input overvoltage signal of ISO% is 
reduced to the valid range of the converter. 


Pipeline Delay 
This is equal to one clock cycle and is the delay between the 
SO%points on the rising edges of two successive ENCODE 
commands (or falling edges of ENCODE 
commands). 


Power Supply Rejection 
Ratio 
The ratio of the change in power supply voltage to a 
corresponding change in input offset voltage. In the AD9006 
and AD9016 units, +VS (+SV) or -Vs 
(-S.2V) 
are within 
:!:5% of their nominal values for this test. Value shown in 
SPECIFICA nONS 
is worst case. 


Signal-to-Noise 
Ratio (SNR) 
The ratio of the rms signal amplitude to the rms value of 
"noise", 
which is defined as the sum of all other spectral com- 
ponents, including harmonics but excluding dc, with an analog 
input signal IdB below full scale. 


Transient 
Response 
The time required for the converter to achieve 6-bit accuracy 
when a full scale step function input is applied to the unit. 


Two-Tone 
Intermodulation 
Distortion 
(IMD) Rejection 
The ratio of the power of a two-tone signal to the power of the 
strongest third-order 
IMD signal. 


Input Voltage 


Parameter 
Min 
Nominal 
Max 


+Vs 
+4.75 
+5.00 
+5.25 
-Vs 
-5.46 
-5.20 
-4.94 


+VREF 
-VREF 
+1.0 
+1.1 
-VREF 
-1.1 
-1.0 
+VREF 
ANALOG INPUT 
-1.0 
+1.0 


THEORY 
OF OPERATION 
Refer to the block diagram of the AD9016 AID converter. 


"Flash" 
architecture 
used in the AD9006 and AD9016 units 
makes it unnecessary to use a track-and-hold 
(TIH) ahead of the 
converter in many applications. The analog input signal is im- 
pressed across 64 parallel comparator stages. 


Bias points of these comparators are established by the voltages 
applied to the reference ladder via + VREF' MIDSCALEREF and 
-VREF· 


The outputs of the comparators are applied to the decoding 
logic; from here, the data are applied to output latches as six 
bits of digital data and an overflow bit. The overflow bit can be 
used to stack converters to obtain additional bits of resolution 
and can also be used as a "flag" for indicating positive out-of- 
range inputs. 


Capturing output data at the (guaranteed) encode rates of 
470MSPS of the AD9016 is simplified by virtue of using two 
Data Ready pulses. Output data words alternate between Bank 
A and Bank B; this allows clocking demultiplexed 
data from the 
AD9016 at half the converter's sample rate. 


The Data Ready pulses track the propagation delay of the out- 
put data and relieve the need to build an external clock circuit 
for tracking prop delay over the full operating temperature 
range. 


Demultiplexed 
ports connected to Bank A and Bank B allow the 
user to capture output data with lOOK ECL logic even when the 
converter is operating at 470MSPS. The AD9016 introduces 
only one pipeline delay in the processing of these digital output 
data, thereby reducing the number of clock cycles required to 
obtain the digital representation 
of the analog input at the ap- 
propriate output port. 


The analog input voltage range is determined by the user- 
supplied voltage references: 
+ VREF and -V REF. The references 
can be adjusted between -I V and + IV. In all cases, + VREF 


should be greater than - VREF; and the differential voltage be- 
tween the references should not exceed 2.IV. MIDSCALE 
VREFcan be used to improve the integral linearity of the 
converter. 


Another attractive feature of the analog input characteristics of 
the AD9016 is its low input capacitance of 8pF. In many other 
flash converters, this value is three or four times larger, making 
them difficult to drive at high input frequencies. 


For those applications in which a single output port is preferred, 
the recommended 
choice is the AD9006 AID converter. 


The AD9006 is identical to the AD9016 in performance specm- 
cations; it is best suited for systems in which demultiplexing 
is 


not performed immediately after the flash converter. As in the 
AD9016, the AD9OO6produces Data Ready pulses on chip; 
these can be used to clock external latches. 


There are two control pins for determining the format of the 
output data on the AD9006/AD9016. 
BIT INVERT 
(MSB) al- 
lows the user to invert the most significant bit (DO,); and Do- 
D. INVERT allows the five least significant bits to be inverted. 
The AD9006/AD9016 Truth Table elsewhere in the data sheet 
provides the necessary information to select among binary, in- 
verted binary, twos complement and inverted twos complement 
coding schemes. 


The OVERFLOW 
INHIBIT 
pin controls the overflow bit 


(called out as OVERFLOW 
BIT in the AD9OO6, and OVER- 
FLOW A and OVERFLOWs 
in the AD9016). In normal opera- 
tion, the OVERFLOW 
INHIBIT 
is connected to -5.2V, 
and 
OVERFLOW 
will be a digital HIGH whenever the analog input 


voltage exceeds the most positive comparator reference 
(+VSENSE). The digital outputs (Do- D,) will be LOW, i.e., 
returned-to-zero 
operation. 


This feature means two AD9006 devices can be cascaded or 
"stacked" 
to obtain seven-bit operation, as shown in the dia- 
gram below. 


Connecting OVERFLOW 
INHIBIT 
to ground forces the 
overflow bit to remain low and disables the return-to-zero 
operation. 
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AD9016 
Functional 
Block Diagram 
(Dotted 
Area 
Not Included 
in AD9006) 


Timing for the AD9006 and AD9016 is shown in their respec- 
tive timing diagrams. In both illustrations, 
the complementary 
encode command is shown in dashed lines. 


Availability and timing of a DATA READY pulse help in re- 
trieving data from either the AD9006 or the AD9016. When 
setting system timing, the user simply takes into account the 
(single) pipeline delay and the Data Ready Output Delay (3.2ns 
in the AD9006; 3.6ns in the AD9016) and uses the next DATA 
READY (or DATA READY in the AD9006) to strobe the de- 
sired output into external circuits. 


The DATA READY and DATA READY pulses of the AD9006 
correspond, 
respectively, to the DATA READY BANK A and 
DATA READY BANK B pulses of the AD9016. As shown in 
the SPECIFICATIONS 
table, Data Ready Output Delay is 
slightly different in the two units: 3.2ns in the AD9006 and 
3.6ns in the AD9016. 
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APPLYING 
THE AD9006/AD9016 


Setting Reference 
Levels 
The AD9006/AD9016 requires that the user provide two voltage 
references: +VREF and - VREF' These two voltages are applied 
across the internal resistor ladder (nominally 800.) and deter- 
mine the analog input range of the converter. 


Care should be taken to assure that these references are driven 
from stable, low impedance sources. Reference connections 
should be capacitively coupled to ground to reduce interference 
generated by noise and/or digital switching. 


Resistance between the reference connections and the point at 
which the first comparator threshold is connected causes offset 
errors. These errors, called "top and bottom of the ladder 
offsets," can be nulled out using the +VSENSEand -V SENSE 
connections. These sense lines are intended for connection only 
to high impedance (low current) nodes such as the input of an 
op amp. 


Applying a voltage greater than 2.1V across the internal resistor 
ladder will cause current densities to exceed rated values and 
may cause permanent 
damage to the AD9006/AD9016.The 
amount of current available at the reference connections must be 
limited. 


One method of nulling the offset errors is shown in Figure I. 


The Analog Devices AD 1403 voltage reference supplies a 
stable 2.5V reference for the circuit, and RLlM1T 
determines 
the range over which the reference can be adjusted. R1 adjusts 
the voltage at the top of the internal reference ladder through 
the AD642/2N3904 combination. 
Feedback from the +VSENSE 
line causes the op amp to compensate for offset which appears at 
the top comparator threshold. The transistor limits the amount 
of current drawn directly from the op amp; resistors at the base 
and emitter of the transistor stabilize its operation. 


Voltage at the bottom of the reference ladder is controlled in 
essentially the same way, using R2 to adjust the reference ladder 
voltage; and using feedback from the - VSENSEconnection to 
null any offset between the reference and the threshold of the 
bottom comparator. 


The midpoint of the comparator reference ladder (MIDSCALE 
VR'iF) is shown tied to ground in Figure 1. This allows the user 
to adjust the voltage reference for minimum integral nonlinear- 
ity. This feature becomes important in applications with reduced 
analog input ranges because integral nonlinearity increases under 
these conditions. 
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Driving the Analog Input 
Careful design and layout of the AD9006/AD9016 have resulted 
in a typical input capacitance of 8pF (9.5pF max). This is low 
in comparison to most flash converters, but it is still a signifi- 
cant load at high input frequencies and must be taken into ac- 
count when choosing a drive amplifier. 


DC-coupled applications require the performance characteristics 
of a wide bandwidth, 
low distortion op amp such as the Analog 


Devices AD9611. AC-coupled applications at high frequencies 
may be better served by using a low distortion gain block for 
the driver. 


Figure 2 illustrates possible connections for both approaches. 


Regardless of which driving circuit is selected for the applica- 
tion, the overall dynamic performance of the amplifier is en- 
hanced by inserting a small series resistor between the output of 
the amplifier and the analog input of the converter. 
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Clocking the Converter 
The encode command circuits of the AD9006/AD9016 
(ENCODE 
and ENCODE) 
are designed to be driven by a dif- 
ferential ECL source. 


A differential signal is recommended 
as the encode command to 
reduce jitter of the encode signal; increased jitter raises the noise 
floor of the converter. Full logic levels are preferred for trigger- 
ing the clock circuits, but reduced levels can also be used. Cau- 
tion should be exercised when using reduced-level encode com- 
mands because their slew rates will be decreased, which can 
raise the noise floor. 


Refer again to the timing diagrams for the AD9006 and AD90l6. 


The rising edge of the ENCODE 
signal initiates the conversion 
process in the AD9006 unit. This same signal, delayed, becomes 
the DATA READY and complementary 
DATA READY 
pulses. Fast rise and fall times «0.5ns) 
and "clean" edges are 
always required for encode commands, but are especially critical 
for high frequency analog signals. 


In the AD90l6, 
the leading edges of the DATA READYA 
and 
DATA READYB 
pulses are triggered by the trailing edge of an 
ENCODE 
command. Their trailing edges are triggered by the 
trailing edge of the next ENCODE 
command. 


Although the AD9006/AD9016 is designed and tested to operate 
with a 50% duty cycle, the dynamic performance at high encode 
rates can be improved by changing the duty cycle. 


Two possible methods of clocking the AD9006/AD9016 are 
shown in Figure 3. Users planning to implement these circuits 
need to be aware they may not function over the same tempera- 
lUre ranges possible with the converters. 


Both ECL oscillators and saw fJlter oscillators are available as 
comercial products, with each type operating at some pre- 
selected frequency. The type of oscillator which is selected is a 
function of the desired operating frequency for the circuit being 
designed. 


Layout and Power Supplies 
Correct layout of high speed circuits is always critical, but is 
particularly important when both analog and digital signals are 
involved. 


AD90061 
AD9016 


ENCODE 


Analog signal paths should be kept as short as practical, and be 
properly terminated to avoid reflections and signal distortions. 
The analog input and voltage references should be kept away 
from digital signal paths; this reduces the possibility of capac- 
itvely coupling digital switching noise into the analog section of 
the circuit. 


Digital signal paths should also be kept short, and digital run 
lengths should be matched because propagation delays through 
digital paths become significant at high data rates. Proper ECL 
terminations should be used at or near the packages containing 
successive gates. 


Ideally, analog signal paths and digital signal paths should be 
routed as far away from one another as possible and should 
never closely parallel one another's paths. If they must cross, 
they should do so at right angles to avoid interference. 


In any layout of high speed circuits, the layout of ground con- 
nections is the most important factor. To reduce noise and inter- 
ference on the circuit ground, a double-sided copper-clad 
printed circuit board (PCB) is recommended. 
Every part of the 
board not used for components or conducting runs should be 
ground plane. Components are mounted on one side; the oppo- 
site side is used for power and signal connections. 


It is especially important to retain the continuity of the ground 
plane under and around the AD9006/AD9016 converter. 
If the 
system design separates the digital and analog ground returns, 
both should be connected together and to ground close to the 
unit to form a continuous ground plane around the AID section 
of the system. 


Low noise, low ripple temperature-stable 
linear power supplies 
are the preferred choices for high speed circuits. Switching 
power supplies often seem to meet these criteria, including rip- 
ple specifications. But ripple specs are generally expressed in tenns 
of nns - and the spikes generated in switchers can produce hard- 
to-fJlter, uncontrollable 
noise peaks with amplitudes of several 
hundred millivolts. Their high frequency components may be 
extremely difficult to keep out of the ground system. 


If switching power supplies cannot be avoided for high speed 
designs, they should be carefully shielded and their outputs 
should be well fJltered. 
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Every power supply line leading into a high speed PCB or data 
acquisition circuit must be carefully bypassed to its ground re- 
turn to prevent noise from entering the circuit. Ceramic capaci- 
tors, ranging in value from O.OI•.•.F to O.I•.•.F, should be used 
generously in the layout, mounted as closely as possible to the 
device or circuit being bypassed. 


The capacitors which are used should have a high resonant fre- 
quency to insure they maintain their characteristics in the range 
of frequencies involved in the encoding process. Ceramic surface 
mount (chip) capacitors meet that requirement 
and are easily 
placed near the package connections. 


At least one high quality tanatalum capacitor of 3•.•.F- 20•.•.F 
should be assigned to each power supply voltage, mounted as 
near as possible to the incoming power pins to minimize low 
frequency ripple. 


Handling the AD9006/AD9016 Package 
Several precautions have been included in the design of the 
AD9006/AD9016 converter to help reduce its sensitivity to elec- 
trostatic discharge (ESD). But the user should always use nor- 


mal ESD precautions to help insure device reliability and avoid 
degrading the unit's performance. 


Package options which are available include both leaded and 
leadless 68-pin ceramic chip carriers; these are shown in the data 
sheet as leaded ceramic chip carrier and leadless chip carrier 
(LC), respectively. Both of these packages have been specially 
designed to maintain the converter's high frequency parameters 
while operating over a standard military temperature 
range. 


Regardless of package type, the top of the package (containing 
2 


the model number and the Analog Devices logo) is internally 
connected to the device substrate and is designed to be used as a 
heat sink. The substrate is connected to -V s internally; there- 
fore the top of the package should be allowed to "float" in volt- 
age. The bottom of the package is not connected internally on 
the device. 


High speed devices such as the AD9006/AD9016 
converters 
should be soldered into fmal applications. There is a temptation 
to use sockets, but they can limit dynamic performance and 
should be used only for evaluation or prototype applications. 


Input Voltage 
Binary 
Offset Twos Complement 
Step 
(FS =±l.OV) 
True 
Inverted 
True 
Inverted 


MSB INVERT 
=1 
MSB INVERT 
=0 
MSB INVERT 
=0 
MSB INVERT 
=1 
Do-D. INV =1 
Do-D. INV =0 
Do-D. 
INV =1 
Do-D.INV 
=0 


00 
-1.000 
000000 
111111 
100000 
011111 
01 
-0.968 
000001 
11111O 
100001 
011110 


31 
-0.031 
011111 
100000 
111111 
000000 
32 
0.000 
100000 
011111 
000000 
111111 
33 
+0.031 
1סס oo1 
011110 
000001 
111110 


62 
+0.938 
111110 
0סס oo1 
011110 
100001 
63 
+0.969 
111111 
000000 
011111 
100000 
63+ 
+ 1.000 
(0)111111* 
(0)000000* 
(0)011111* 
(0)100000* 


(1)000000# 
(1)111111# 
(1)100000# 
(1)011111# 


'OVERFLOW 
INHIBIT 
="1"; #OVERFLOW 
INHIBIT 
="0." 


The overflow bit is always 0 except where noted in parentheses ( ). MSB INVERT, Do-D, INVERT 
and OVERFLOW 
INHIBIT are considered de controls. They afe tied to ground for logic "1" and -Vs 
for logic "0"; their 


"trip point" occurs at approximately -1.3V. 


-2 
-. 


-8 


-8 


ill 
-10 


-12 


-1' 


-18 


-18 


I 
I 
FUNDAMENTAL 
...... 
~ 
"'- 


Aw= 
:O.15V 
(75% of %1V 
FS) 
, ){ 


OFFSET H 
, 
- 
2NDtAR~NIC rt r/.. 


3RD 
HARMONIC rH , 
I 
I 
" 
-20 
H 
,~ 
lH 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
5~ 


INPUT 
FREQUENCY 
- 
MHz 


-10 


-12 


-1' 


-18 


-18 


-20 


lD.•. 


-22 


-2' 


-28 


-28 


I 
I 


/~ 
FUNDAMENTAL 
•.....•..•. 


..•..•.....- 


A.N = ±O.25V 
(25% of ±lV 
FS) 


,./ 
V F" 
/" 
, 


3RD HARMONIC 
J 


/' V 
I 
I 


2ND 
HARMONIC -rt 
I 
I 
-30 


~ 
100 
,~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 


INPUT FREQUENCY - MHz 


lD.•. 
I 
38 
"t- 


III~ 
I 
8.2 
0 •• 
~ 
:l 
II: 
5 
8.' 
" 
:z: •• 
i" 
if 
8.0 
i 
:5 
0 
32 
I- 
1= 
:> 
" 
.. 7.9 
II: 
i!: 
-1.0 
-0.5 
0.0 
+0.5 
+1.0 
~ 30 
III 


ANALOG 
INPUT 
- 
VoM 
(5z6 
28 
~ 
Input Capacitance vs. Input Voltage 
"z 
28 
!2 
III 


TO 
COMPARATOR 
STAGES 


I 
I 
otID 


ANALOG 
-Vs 


.•........••• 


.•.•..... ---- - 
..••.. 


....••...... 


'I'-- 


5.8 ~ 


I 


III 
5.' 
l: 
lD 
l!; 
5.0 
ffi 
lD:l 


'.8 
:>z...> 


4.2 
~ 


SNR and Effective Number of Bits (ENGBI vs. Input 
Frequency 


• 


* 
~ 
=WIRING 
RESISTANCE=<2fi 


- 
=TO COMPARATORS 


-20 


ell 
-40 
... 
-60 


-80 


NOTE: 
DIGITAL OUTPUTS 
MUST 
BE TERMINATED 
TO -2V 
THROUGH 
1000. 


(/) 
I- 


06 (MSB) 
::> 
D. 
::> 
D. 
0 
...• 
c{ 
D. 
!:: 
Cl 


03 
is 


D. 


0, 


D. (LSB) 


BANK A 
DATA 
ENCODE 
DATA READYA 
0 
ENCODE 


ENCODE 
0 
ENCODE 


REFERENCE + 1V 
+VREF 
VOLTAGE 
AD9016 
CIRCUIT 
-1V 
-VREF 
rei 
HYSTERESIS 


-5,2V, 
Do-D. 
INVERT 


~ 


MIDSCALE 
VREF 


MSB 
ANALOG 
INVERT 
INPUT 
AD9611 


~ 
0 
ANALOG 
DATA 
INPUT 
READYs 


BANK B 
DATA 


AD96685 
+ 
FUll-SPEED 
DATA 
CONNECTOR 


ClK 
Q 
6 
LATCH 
Q 
6 
10051 
D 
MR 


~ 


HALF-SPEED 
DATA 
CONNECTOR 


lOUT 


AD9768 
D/A 
CONV. 


RECONSTRUCTED 
WAVEFORM 
o 


I 


ERROR 
WAVEFORM 


~ 


+S.OV 
-s.ZV 


0.1"F 9- 
+Vs 
-VS 


OVRFLA 


+1V 
+VREF 
D'A 


-1V 
-VREF 
D4A 


D3A 


AD1 
A'N 
D2A 


ADZ 
ENCODE 
D'A 


AD3 
ENCODE 
DOA 
1000 
INPUT 
RESISTORS 
D•• 


D•• 


03• 


O2• 


0,. 


DO. 
5100 
LOAD 
RESISTORS 


DYNAMIC: 


AD1 


ALL RESISTORS ±S% 
ALL CAPACITORS ±ZO% 
ALL SUPPLY VOLTAGES ±S% 


AD1= OV 
ADZ = ECL HIGH 
AD3 = ECL LOW 


I--640". ---i 


ADZ U1.JU1IlJl.Jl.J 
= 
---\5".I---- 


-0.9V 


-1.7V 


-0.9V 
-1.7V 


AD9012 


FEATURES 
100MSPS Encode Rate 
Very Low Input Capacitance - 16pF 
Low Power - 1W 
TTL Compatible Outputs 
MIL-STD-883 Compliant Versions Available 


APPLICATIONS 
Radar Guidance 
Digital Oscilloscopes/ATE Equipment 
LaserlRadar Warning Receivers 
Digital Radio 
Electronic Warfare IECM, ECCM, ESMI 
Communication/Signal Intelligence 


GENERAL DESCRIPTION 
The AD9012 is an 8-bit, ultrahigh speed, analog-ta-digital 
converter. The AD9012 is fabricated in an advanced bipolar 
process, which allows operation at sampling rates up to 100 
megasampleslsecond. 
Functionally, 
the AD9012 is comprised of 


256 parallel comparator stages whose outputs are decoded to 
drive the TTL compatible output latches. 


The exceptionally wide large signal analog input bandwidth 
of 
160MHz is due to an innovative comparator design and very 
close attention to device layout considerations. 
The wide input 
bandwidth of the AD9012 allows very accurate acquisition of 
high speed pulse inputs without an external track-and-hold. 
The 
comparator output decoding scheme minimizes false codes, 
which is critical to high speed linearity. 


The AD9012 is available in two grades, one with O.5LSB linearity 
and one with O.75LSB linearity. Both versions are offered in an 
industrial grade, 
- 25°C to + 85°C, packaged in a 28-pin DIP 


OVERFLOW 
INHIBIT 


ANALOG 
IN 
• 


D.IMSB) 


D, 


D. 


REFwo 
0. 


D. 


D, 


D, 


R 
D, (LSB) 


and a 28-pin PLCC. The military temperature 
range devices, 


- 55°C to + 125°C, are available in ceramic DIP and LCC packages 
and are compliant to MIL-STD-883 
Class B. 


The AD9012 is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Datahook 
or current AD9012/883B data sheet for detailed specifications. 


AD9012-SPECIFICATIONS 


ABSOLUTE 
MAXIMUM 
RATINGSl 


Positive Supply Voltage ( + Vs) 
. . . . . . . . . . . 


Analog to Digital Supply Voltage Differential ( - Vs) 
Negative Supply Voltage (- Vs) . 
Analog Input Voltage 
. . . . . . . 
ENCODE 
Input Voltage ' ..... 
OVERFLOW 
INH Input Voltage 
Reference Input Voltage (+ VREF - VREFi 
Differential Reference Voltage 
... 
... 


+6V 
O.5V 
-6V 
-Vs 
to +0.5V 
-0.5V 
to +5V 
-5.2V 
to OV 
- 3.5V to +O.lV 


. 
2.1V 


Reference Midpoint Current 
Digital Output Current 
. . . 
Operating Temperature 
Range 
AD9012AQIBQI 
API ANIBPIBN 
AD9012SElSQITErrQ 
. 
Storage Temperature 
Range ... 
Junction Temperature3 
. 
• . 
• • 


Lead Soldering Temperature 
(lOsec) 


±4mA 
30mA 


- 25°C to + 85°C 
- 55°C to + 125°C 
- 65°C to + 1500C 
+ 175°C 
+ 300°C 


Test 
AD9012AQ/AP/AN 
AD9Ol2BQIBPIBN 
AD9Ol2SQISE 
AD9Ol2TQrt'E 
Parameter 
Temp 
Lenl 
MiD 
Typ 
Max 
MiD 
Typ 
Max 
MiD 
Typ 
Max 
MiD 
Typ 
Max 
Ua.its 


RESOLUTION 
8 
8 
8 
8 
Bits 


DC ACCURACY 
Differential Linearity 
+25"C 
I 
0.6 
0.75 
0.4 
0.5 
0.6 
0.75 
0.4 
0.5 
LSB 
Full 
VI 
1.0 
0.75 
1.0 
0.75 
LSB 
Integral Linearity 
+25"C 
I 
0.6 
1.0 
0.4 
0.5 
0.6 
1.0 
0.4 
0.5 
LSB 
Full 
VI 
1.2 
1.2 
1.2 
1.2 
LSB 
No Missing Codes 
Full 
VI 
GUARANTEED 
GUARANTEED 
GUARANTEED 
GUARANTEED 


INITIAL OFFSET 
ERROR 
Top of Reference Ladder 
+25"C 
I 
7 
15 
7 
15 
7 
15 
7 
15 
mV 
Full 
VI 
18 
18 
18 
18 
mV 
Bottom of Reference Ladder 
+25"C 
I 
6 
10 
6 
10 
6 
10 
6 
10 
mV 
Full 
VI 
13 
13 
13 
13 
mV 
Offset Drift Coefficient 
Full 
V 
25 
25 
25 
25 
~Vf'C 


ANALOG INPUT 
Input Bias Current" 
+25"C 
I 
60 
100 
60 
100 
60 
100 
60 
100 
~ 
Full 
VI 
200 
200 
200 
200 
~ 
Input Resistance 
+25"C 
I 
150 
200 
150 
200 
150 
200 
150 
200 
ill 
Input Capacitance 
+25"C 
III 
16 
18 
16 
18 
16 
18 
16 
18 
pF 
Large Signal Bandwidth5 
+25"C 
V 
160 
160 
160 
160 
MHz 
Analog Input Slew Rate6 
+25"C 
V 
440 
440 
440 
440 
Vi••.• 


REFERENCE 
INPUT 
Reference Ladder Resistance 
+25°C 
VI 
64 
80 
110 
64 
80 
110 
64 
80 
110 
64 
80 
110 
n 
Ladder T empc:rature Coefficient 
V 
0.25 
0.25 
0.25 
0.25 
nrc 
Reference Input Bandwidth 
+25"C 
V 
10 
10 
10 
10 
MHz 


DYNAMIC PERFORMANCE 


Conversion Rate 
+25"C 
I 
75 
100 
75 
100 
75 
100 
75 
100 
MSPS 
Apc:nurc:Delay 
+25"C 
V 
3.8 
3.8 
3.8 
3.8 
os 
Apc:nure Uncenainty(Jitter) 
+25"C 
V 
15 
15 
15 
15 
po 
Output Delay (tpo)" 
I 
+25"C 
I 
4 
4.9 
II 
4 
4.9 
II 
4 
4.9 
II 
4 
4.9 
II 
os 
Transient Response9 
+25"C 
V 
8 
8 
8 
8 
os 
Ovc:rvohage Recovery TimelO 
+25"C 
V 
8 
8 
8 
8 
DS 
Output Rise Time' 
+25°C 
I 
6.6 
8.0 
6.6 
8.0 
6.6 
8.0 
6.6 
8.0 
DS 
OUtput Fall Time' 
+25"C 
I 
3.3 
4.3 
3.3 
4.3 
3.3 
4.3 
3.3 
4.3 
os 
Output Time Skew"II 
+ 25°C 
V 
3.0 
3.0 
3.0 
3.0 
DS 


ENCODE INPUT 
Logic "I" Voltage' 
Full 
VI 
2.0 
2.0 
2.0 
2.0 
V 
Logic "0" Voltage7 
Full 
VI 
0.8 
0.8 
0.8 
0.8 
V 
Logic "I" Current 
Full 
VI 
250 
150 
250 
250 
~ 
Logic "0" Current 
Full 
VI 
400 
400 
400 
400 
~ 
Input Capacitance 
+WC 
V 
2.5 
2.5 
2.5 
2.5 
pF 
Encode Pulse:Width (Low)1l 
+25"C 
1 
2.5 
2.5 
2.5 
2.5 
DS 
Encode Pulse:Widlh (High)ll 
+25"C 
I 
2.5 
2.5 
2.5 
2.5 
DS 


OVERFLOW 
INHIBIT INPUT 
OVInpul Current 
Full 
VI 
200 
250 
200 
250 
200 
250 
200 
250 
~ 
AC LINEARITY" 
Effective BilSl4 
+25"C 
V 
7.5 
7.5 
7.5 
7.5 
Bits 


In-Band Hannonics 


dctol.23MHz 
+25"C 
I 
48 
55 
48 
55 
48 
55 
48 
55 
dBc 
dcto9.3MHz 
+25"C 
V 
50 
50 
50 
50 
dBc 


dcto 19.3MHz 
+25"C 
V 
44 
44 
44 
44 
dBc 


Signal-ta-Noise: Ratio15 
+25"C 
I 
46 
47.6 
46 
47.6 
46 
47.6 
46 
47.6 
dBc 


Noise:Power Ratiol6 
+25"C 
V 
37 
37 
37 
37 
dBc 


DIGITAL OUTPUT 
Logic "I" Vollage 
Full 
VI 
2.4 
2.4 
2.4 
2.4 
V 
Logic"O"Voltage 
Full 
VI 
0.4 
0.4 
0.4 
0.4 
V 


POWER SUPPLyI7 


Positive Supply Current ( + 5.0V) 
+25°C 
I 
H 
45 
33 
45 
33 
45 
33 
45 
mA 
Full 
VI 
48 
48 
48 
48 
mA 
Supply Current ( - :5.2V) 
+2:5~ 
I 
151 
179 
152 
179 
152 
179 
152 
179 
mA 
Full 
VI 
191 
191 
191 
191 
mA 
Nominal Power Dissipation 
+25"C 
V 
955 
955 
955 
955 
mW 
Reference Ladder Dissipation 
+25"C 
V 
44 
44 
44 
44 
mW 
Power Supply Rejection Ratiol• 
+25"C 
I 
0.85 
2.5 
0.85 
2.5 
0.8 
2.5 
0.8 
2.5 
mVN 


NOTES 
IAbsolute 
maximum 
ratings 
are limiting 
values, 
to be applied 
individually, 
and 
beyond 
which 
the serviceability 
of the circuit 
may 
be impaired. 


Functional 
operability 
under 
any of these 
conditions 
is not necessarily 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may 
affect 
device 
reliability. 


2+ V REF ~ 
- V REF under 
all circumstances. 
3Maximum 
junction 
temperature 
(tl max) 
should 
not exceed 
+ 175°C 
for ceramic 
packages, 
and 
+ 150'C 
for plastic 
packages: 


t) ~ PD 
(9)A) 
+ 
tA 
PD 
(9)el 
+ Ie 


where 
PD = power 
dissipation 
9)A = thermal 
impedance 
from 
junction 
to ambient 
(.CIW) 
9)c ~ thermal 
impedance 
from 
junction 
to case (.C/W) 


fA = ambient 
temperature 
(OC) 
Ie = case temperature 
(·C) 
typical 
thermal 
impedances 
are: 


Ceramic 
DIP 
9)A ~ 56·c/w; 
9)c ~ 20'C1W 
Plastic 
DIP 
9)A~60·C/W; 
9)c~20"C/W 
Ceramic 
LCC 
9)A~69"C/W; 
9)c = 23'CIW 
PLCC 
9)A = 6O'CIW; 
9)c = 19"C/W. 


'Measured 
with 
Analog 
Input 
~ 
OV. 
'Measured 
by FFT 
analysis 
where 
fundamental 
is - 3dBc. 


Input Voltage 


Parameter 
Min 
Nominal 
Max 


-Vs 
-5.46 
- 5.20 
-4.94 
+Vs 
+4.75 
5.00 
+5.25 
+VREF 
- VREF 
O.OV 
+0.1 
- VREF 
-2.1 
-2.0 
+VREF 
Analog Input 
- VREF 
+VREF 


"Input 
slew rate 
derived 
from 
rise time 
(10% 
to 90%) 
of full-scale 
step 
input. 
'Outputs 
terminated 
with 
two equivalent 
'LSoo 
type 
loads. 
(See load 
circuit.) 
'Measured 
from 
ENCODE 
into 
data 
out for LSB 
only. 


9For 
full-scale 
step 
input, 
8-bit 
accuracy 
is attained 
in specified 
time. 


IORecovers 
to 8-bit 
accuracy 
in specified 
time, 
after 
150% full-scale 
input 


overvoltage. 
"Output 
time 
skew 
includes 
high-to-low 
and 
low-to-high 
transitions 
as well 
as bit-tOobit time 
skew 
differences. 
"ENCODE 
signal 
rise/fall 
times 
should 
be less than 
30ns for normal 
2 


operation. 


"Measured 
at 75MSPS 
encode 
rate. 
Harmonic 
data 
based 
on worst 
case 
harmonics. 
"Analog 
input 
frequency~ 
1.23MHz. 
"RMS 
signal 
to rms 
noise, 
including 
harmonics 
with 
1.23MHz 
analog 
input 
signal. 
16NPR 
measured 
@ 0.5MHz. 
Noise 
Source 
is 250mW 
(rms) 
from 
0.5MHz 
to 8MHz. 
"Supplies 
should 
remain 
stable 
within 
± 5% for normal 
operation. 


"Measured 
at 
-5.2V 
±5"10 and 
+5.0V 
±5"10. 


Specifications 
subject 
to change 
without 
notice. 


TTL 
OUTPUT 


15pF 


- 
100% production 
tested. 


100% production 
tested 
at + 25·C, 
and sample 
tested 


at specified 
temperatures. 


Sample 
tested 
only. 


Parameter 
is guaranteed 
by design 
and characteriza- 


tion testing. 


Parameter 
is a typical 
value 
only. 


All devices 
are 100% production 
tested 
at + 2S·C. 


100% production 
tested 
at temperature 
extremes 
for 


extended 
temperature 
devices; 
sample 
tested 
at 


temperature 
extremes 
for commerciaUindustrial 


devices. 


Device 
Linearity 
Temperature 
Range 
Packag~ 
Option 


AD9012AQ 
O.7sLSB 
- 2s·C to + 8S·C 
Q-28 
AD9012BQ 
O.sOLSB 
- 2s·C to + 85°C 
Q-28 
AD9012AN 
0.7sLSB 
- 2s·C to + 85°C 
N-28 
AD9012BN 
O.sOLSB 
- 2s·C to + 8S·C 
N-28 
AD9012AP 
0.7sLSB 
- 2s·C to + 8S·C 
P-28A 
AD9012BP 
O.sOLSB 
- 2s·C to + 8S·C 
P-28A 
AD9012SQ 
0.7sLSB 
- sS·C to + 125°C 
Q-28 
AD9012SE 
0.7sLSB 
- 55°C to + 125°C 
E-28A 
AD9012TQ 
O.sOLSB 
- 55°Cto + 125°C 
Q-28 
AD9012TE 
O.sOLSB 
- ss·C to + 125°C 
E-28A 


*E = LeadlessCeramicChipCarrier;N 
= Plastic 
DIP; 
P ~ Plastic 
Leaded 
Chip Carrierj 
Q = Cerdip. 
For outline 
information 
see Package 
Information 
section. 


DIGITAL 
+Vs 
OVERFLOW 
INH 


3 
HYSTERESIS 


4 
+VREF 
5 
ANALOG INPUT 
6 
ANALOG GROUND 
7 
ENCODE 
8 
DIGITAL 
+Vs 
9 
ANALOG GROUND 
10 
ANALOG INPUT 
11 
-VREF 
12 
REFMID 
13 
DIGITAL 
+Vs 
14 
DIGITAL 
-Vs 


IS 
D,(LSB) 


16·19 
D2·D5 


20 
DIGITAL GROUND 
21,22 
ANALOG -Vs 


23 
DIGITAL GROUND 
24,25 
D6,D7 


26 
Ds(MSB) 


27 
OVERFLOW 


28 
DIGITAL 
-Vs 


Une 01 three poSUlve (llglla! ~Upp.lY VU.l;) \.uU.llUJ..lAl..l] 
I J.v 
.../. 
OVERFLOW 
INHIBIT 
controls the data output coding for overvoltage inputs (AIN;;. + VREF). 


ANALOG 
OVERFLOW 
ENABLED 
(FLOATING 
OVERFLOW 
INHIBITED 
(GND) 


INPUT 
OF D, D2 D3 D, D5 D6 D7 Ds 
OF D, D2 D3 D, D5 D6 D7 Ds 


V1N '" + VREF 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
I 
I 
I 
I 
I 
I 
I 
V1N< + VREF 
0 
X X X X 
X X X X 
0 
X X X X X X X 
X 


The Hysteresis control voltage varies the comparator hysteresis from OmV to IOmV, for a change 
from - 5.2V to - 2.2V at the Hysteresis control pin. 
The most positive reference voltage for the internal resistor ladder. 
One of two analog input pins. Both analog input pins should be connected together. 
One of two analog ground pins. Both analog ground pins should be connected together. 
TTL level encode command input. ENCODE 
is rising edge sensitive. 


One of three positive digital supply pins (nominally 
+ 5.0V). 
One of two analog ground pins. Both analog ground pins should be connected together. 
One of two analog input pins. Both analog inputs should be connected together. 
The most negative reference voltage for the internal resistor ladder. 
The midpoint tap on the internal resistor ladder. 
One of three positive digital supply pins (nominally 
+ 5.0V) 


One of two negative digital supply pins (nominally 
- 5.2V). Both digital supply pins should be 
connected together. 
Digital data output. 
D, (LSB) is the least significant bit of the digital output word. 
Digital data output. 
One of two digital ground pins. Both digital grounds pins should be connected together. 
One of two negative analog supply pins (nominally 
- 5.2V). Both analog supply pins should be 
connected together. 
One of two digital ground pins. Both digital ground pins should be connected together. 
Digital data output. 
Digital data output Ds (MSB) is the most significant bit of the digital output word. 
Overflow data output. 
Logic HIGH indicates an input overvoltage (V1N> + VREF), if OVERFLOW 
INHIBIT 
is enabled (overflow enabled, floating). See OVERFLOW 
INHIBIT. 
One of two negative digital supply pins (nominally 
- 5.2V). Both digital supply pins should be 
connected together. 
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#1 
(STATIC) 
AD1 = -2.0V; 
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#2 
(DYNAMIC) 
see WAVEFORMS 
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Die Dimensions 
Pad Dimensions 
Metalization 
. . 


Backing 
. . . . 


Substrate Potential 
Passivation 
Die Attach 


III x 123x 15 (±2) 
mils 


4x4 
mils 


. Gold 
None 
. -v, 


. Nitride 
Gold Eutectic (Ceramic) 


Epoxy (Plastic) 


1-1.3 mil Gold; Gold Ball Bonding 


APPLICATION 
INFORMATION 
The AD9012 is compatible with all standard TTL logic families. 
However, to operate at the highest encode rates, the supporting 
logic around the AD9012 will need to be equally fast. Two 
possible choices are the AS and the ALS families. Whichever of 
the TTL logic families is used, special care must be exercised to 
keep digital switching noise away from the analog circuits around 
the AD90l2. 
The two most critical items are the digital supply 
lines and the digital ground return. 


The input capacitance of the AD9012 is an exceptionally low 
l6pF. This allows the use of a wide range of input amplifiers, 
both hybrid and monolithic. To take full advantage of the l60MHz 
input bandwidth of the AD90l2, 
a hybrid amplifier like the 
AD961O/AD961l will be required. 
For those applications that 
do not require the full input bandwidth of the AD90l2, 
some of 
the more traditional monolithic amplifiers, like the AD846, 
should work very well. Overall performance with monolithic 
amplifiers can be improved by inserting a 4011 resistor in series 
with the amplifier output. 


The output data is buffered through the TTL compatible output 
latches. All data is delayed by one clock cycle, in addition to the 
latch propagation delay (tPD), before becoming available at the 
outputs. 
Both the analog-to-digital conversion cycle and the data 
transfer to the output latches, are triggered on the rising edge of 
the TTL compatible ENCODE 
signal (see timing diagram). 


The AD9012 also incorporates 
a HYSTERESIS 
control pin 
which provides from 0 to 10mV of additional hysteresis in the 
comparator input stages. Adjustments 
in the HYSTERESIS 
control voltage may help to improve noise immunity and overall 
performance in harsh environments. 


The OVERFLOW 
INHIBIT 
pin of the AD9012 determines 
how the converter handles overrange inputs (AIN;;> + VREF)' In 
the "enabled" 
state (floating at - 5.2V), the OVERFLOW 
output will be at logic HIGH and all other outputs will be at 
logic LOW for overrange inputs (return-to-zero 
operation). 
In 
the "inhibited" 
state (tied to ground), 
the OVERFLOW 
output 
will be at logic LOW for overrange inputs, and all other digital 
outputs will be at logic HIGH (nonreturn-to-zero 
operation). 


The AD9012 provides outstanding 
error rate performance. 
This 
is due to tight control of comparator offset matching and a fault 
tolerant decoding stage. Additional improvements 
in error rate 
are possible through the addition of hysteresis (see HYSTERSlS 
control pin). This level of performance 
is extremely important 
in fault sensitive applications like digital radio (QAM). 


Dramatic improvements 
in comparator design and construction 
give the AD9012 excellent dynamic characteristics, 
namely SNR 


(signal-to-noise ratio). The l60MHz input bandwidth 
and low 
error rate performance 
give the AD9012 an SNR of 47dB with a 


1.23MHz input. High SNR performance is particularly important 
in broadcast video applications where signals may pass through 
the converter several times before the processing is complete. 
Pulse signature analysis, commonly performed in advanced 
radar receivers, is another area that is especially dependent 
on 
high quality dynamic performance. 


LAYOUT SUGGESTIONS 
Designs using the AD90l2, 
like all high-speed devices, must 
follow a few basic layout rules to insure optimum performance. 
Essentially, these guidelines are meant to avoid many of the 
problems associated with high-speed designs. The first require- 
ment is for a substantial ground plane around and under the 
AD90l2. 
Separate ground plane areas for the digital and analog 
components may be useful, but the separate grounds should be 
connected together at the AD9012 to avoid the effects of "ground 
loop" 
currents. 


The second area that requires an extra degree of attention involves 
the three reference inputs, 
+ VREF, 
REF MID,and - VREF• The 
+ VREF input and the - VREF input should both be driven from 
a low impedance source (note that the + VREF input is typically 
tied to analog ground). 
A low drift amplifier should provide 
satisfactory results, even over an extended temperature 
range. 


Adjustments 
at the REF MIDinput may be useful in improving 
the integral linearity by correcting any reference ladder skews. 


The reference inputs should be adequately decoupled to ground 
through O.I,.,.F chip capacitors to limit the effects of system 
noise on conversion accuracy. The power supply pins must also 
be decoupled to ground to improve noise immunity; 
O.I,.,.F and 
O.OI,.,.Fchip capacitors should be very effective. 


The analog input signal is brought into the AD9012 through 
two separate input pins. It is very important 
that the two input 
pins be driven symetrically with equal length electrical connections. 
Otherwise, 
aperture delay errors may degrade converter per- 
formance at high frequencies. 
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FEATURES 
Sample Rate: 10 MSPS 
Spurious 
Free Dynamic Range: 92 dB @ 2.3 MHz A'N; 
88 dB @ 4.3 MHz A'N; 72 dB @ 10 MHz A'N 
low 
Intermodulation 
Distortion: 
-95 
dBFS @ 2.3 MHz 
SNR: 75 dB 
Differential 
Encode Clock 
Complete 
Subsystem 


APPLICATIONS 
Radar Signal Analysis 
Visible & Infrared Imaging 
FFT Spectrum 
Analysis 
Medical Imaging 
SIGINT IECM/EW 


GENERAL 
DESCRIPTION 
The AD9014 is a high performance 
14-bit analog-to-digital con- 
verter designed to provide extremely wide dynamic range for 
spectrum analysis and imaging applications. It is a complete 
subsystem that requires the user to provide only power and an 
encode clock. 


Careful consideration to the design of the converter, along with 
the development of several custom linear and digital IC building 
blocks, has resulted in a converter with unsurpassed 
dynamic 
range. Sampling at 10 MSPS, the spurious free dynamic range 
(SFDR) is a function of analog input frequency as shown below: 


Analog Input 
SFDR 


100 kHz 
90 dB (min) 
2.3 MHz 
90 dB (min) 
4.3 MHz 
86 dB (min) 


10 MHz 
72 dB (typ) 


For the AD9014, DNL is 0.5 LSBs; transient response to 
0.01% is 30 ns; full power bandwidth is SO MHz; and the SNR 
is 75 dB. These attributes make the AD9014 ideal for applica- 
tions that require fast sampling of relatively low frequency ana- 
log input signals, such as CCD and infrared imaging. 


The AD9014 consists of two custom hybrids mounted on a 
small multilayer PCB. The hybrid differential track-and-hold 
achieves first order cancellation of the even order harmonics 


AID Converter 


AD9014 
I 


AD90I4 FUNCTIONAL 
BLOCK DIAGRAM 
r--------------------- 
I 
• 


II 
II 
D'FFERENTIAL 
II 
TRACK & HOLD IIII 
II 
II 
I 
II 
I TRACK & HOLD 
II 
ADDER 
I 
SEcnON 
II 
ENCODER 
SECTION 
I 
,---------,---------------------- 


while suppressing common-mode noise. The second hybrid is a 
digitally corrected subranging AID encoder that uses two 8-bit 
flash converters with two bits of overlap correction. 
Decoupling 
capacitors have been designed into both hybrids, as well as on 
the mother board. This onboard decoupling simplifies the task 
of successfully using the converter. 


Each AD9014 is tested at a 10 MSPS encode rate at multiple 
analog input frequencies. For each input frequency, the FFf 
testing is repeated for various AIN power levels. This technique 
verifies that the dynamic performance of the converter is main- 
tained even when low level input signals are being digitized. 


Two versions of the AD9014 are available. The AD9014K is 
intended for applications that require the highest possible spuri- 
ous free dynamic range performance; 
the AD9014J is intended 
for applications where spectral domain information is not as im- 
portant, such as in imaging. The analog input signal can be ap- 
plied to the ADC via either an onboard SMA connector or 
through a pin connected to the connector. 
Logic is ECL; the 
encode clock is differential ECL. 


Consult Analog Devices about special needs and/or specific 
applications. 


I>Upplyvoltages 
\::!: v s) 
::!: 1~ V 
Vcc Supply Voltage 
+6 V 
VEE Supply Voltage 
-6 V 
Analog Input Voltage VEE:sAIN:SVcC 
(or whichever is less) 
±4 V 


ulgltal lnput 
voltage 
VEEto +v.' 
v 
Digital Output Current 
4 rnA 
Operating Temperature 
Range 
O°Cto +70°C 
Storage Temperature 
-65°C to + 150°C 


(±Vs = ±15 V; Vee= +5 V; VEE = -5.2 
V; Encode Rate = 10.0 MSPS unless other- 
wise indicatedf 


AD9014J 
AD9014K 
Parameter 
(Conditions) 
Temp 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
Full 
14 
14 
Bits 
LSB Weight 
, 
Full 
0.122 
0.122 
mV 


STATIC ACCURACY 
Differential Nonlinearity 
+25°C 
0.6 
0.5 
LSB 
Full 
0.6 
0.5 
LSB 
Integral Nonlinearity 
+25°C 
1.0 
0.75 
LSB 
Full 
1.5 
1.0 
LSB 
No Missing Codes 
Guaranteed 
Guaranteed 
Gain Error 
+25°C 
0.2 
1.0 
0.2 
1.0 
% FS 
Temperature 
Coefficient 
Full 
IS 
IS 
ppm?C 
Offset Error 
+25°C 
0.2 
1.0 
0.2 
1.0 
% FS 
Temperature 
Coefficient 
Full 
8 
8 
ppm?C 


ANALOG INPUT 
Input Voltage Range 
Full 
±1.0 
±1.0 
V 
Input Resistance 
Full 
75 
75 
n 
Input Capacitance (at SMA connector)' 
+25°C 
7 
7 
pF 
Full Power Input Bandwidth 
Full 
60 
60 
MHz 


SWITCHING 
PERFORMANCE 
Conversion Rate' 
Full 
10.00 
10.00 
MSPS 
Pipeline Delay 
Full 
1 
1 
Clock Cycle 
Output Data Delay (tool' 
+25°C 
30 
30 
ns 
Aperture Delay 
+25°C 
4 
4 
ns 
Aperture Jitter 
+25°C 
1.5 
1.5 
~ 
ps rms 


DYNAMIC CHARACTERISTICS" 
6 
Transient Response (to 0.01%) 
+25°C 
30 
30 
ns 
Overvoltage Recovery Time (1.5 x toO.OI%) 
+25°C 
100 
100 
ns 
Overvoltage Recovery Time (1.5 x to 0.0025%) 
+25°C 
200 
200 
ns 
Worst-Case Harmonic Distortion? 
AIN = 100 kHz 
+25°C 
-84 
-90 
dBFS 
AIN = 2.3 MHz 
+25°C 
-84 
-90 
dBFS 
AIN = 4.3 MHz 
+25°C 
-82 
-86 
dBFS 
AIN = 10 MHz 
+25°C 
-72 
-72 
dBFS 
Signal-to-Noise Ratio (A1N = 100 kHz)" 
+25°C 
75 
75 
dB 
Signal-to-Noise Ratio (A1N = 2.3 MHz)" 
+25°C 
75 
75 
dB 
Two-Tone Intermodulation 
2.3 MHz & 2.4 MHz (each -7 dBFS) 
+25°C 
-84 
-90 
dBFS 


ENCODE 
INPUT9 
Differential ECL 
Differential ECL 
Logic "I" Voltage 
Full 
-1.1 
-1.1 
V 
Logic "0" Voltage 
Full 
-1.5 
-1.5 
V 
Logic 
"I" Current 
Full 
8 
8 
mA 
Logic "0" Current 
Full 
8 
8 
mA 
Input Capacitance 
+25°C 
5 
5 
pF 
Encode Pulse Width 
+25°C 
10 
10 
ns 
Encode Pulse Width (% of duty cycle) 
+25°C 
50 
50 
% 


AD9014J 
AD9014K 
Parameter 
(Conditions) 
Temp 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


DIGITAL 
OUTPUTSlo 


Logic "I" Voltage 
Full 
-1.1 
-1.1 
V 
Logic "0" Voltage 
Full 
-1.5 
-1.5 
V 


Logic Coding 
Full 
Offset Binary 
Offset Binary 


POWER SUPPLIES 


+Vs Supply Voltage 
Full 
+14.5 
+15.0 
+15.5 
+14.5 
+15.0 
+15.5 
V 
+ Vs Supply Current 
Full 
245 
245 
mA 


-Vs 
Supply Voltage 
Full 
-14.5 
-15.0 
-15.5 
-14.5 
-15.0 
-15.5 
V 


- Vs Supply Current 
Full 
130 
130 
mA 


Vcc Supply Voltage 
Full 
+4.75 
+5.0 
+5.25 
+4.75 
+5.0 
+5.25 
V 
Vcc Supply Current 
Full 
422 
422 
mA 
VEE Supply Voltage 
Full 
-4.95 
-5.2 
-5.45 
-4.95 
-5.2 
-5.45 
V 
VEE Supply Current 
Full 
980 
980 
mA 
Power Dissipation (Operating) 
Full 
12.8 
12.8 
W 


Power Supply Rejection Ratio (PSRR) 


+Vs (t:.vs = ±0.5 V) 
+25°C 
0.02 
0.02 
%/% 
-Vs 
(IlVs = ±0.5 V) 
+25°C 
0.01 
0.01 
%/% 


Vcc (IlVcc = ±0.25 V) 
+25°C 
om 
0.01 
%/% 


VEE (IlVEE = ±0.25 V) 
+25°C 
0.01 
0.01 
%/% • 


NOTES 
IAbsolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional oper- 
ation under any of these conditions is not necessarily implied. EXJXlsure to absolute maximum ratings for extended periods of time may affect device reliability. 
2Cooling air at 500 LFPM applied. Parts must have 30 second warm-up time. 
3The capacitance seen at the analog input pin of the T/H 
hybrid is 2.0 pF. 


4Consult factory regarding availability of units with lower spur levels; units capable of 10.24 MSPS rates are also available. 
5Measured from rising edge of Encode Command (Pin 16) to instant of final change in data output. 
6During factory testing, analog input is applied to AD9014 via onboard SMA connector. 
'Power of the analog input is swept from -1 dBFS to approximately -60 dBFS; and multiple FFTs are taken for UK-grade" parts. The specification is equiva· 
lent to the spurious free dynamic range (SFDR). 
'Including noise and all spurs. 
9IOKvoltage-level-compatible. Encode inputs have SOn differential terminations. 
IOEachdigital OUtput is terminated to -5.2 V through a 2 kfi resistor with a lk resistor in series with the output. See diagram elsewhere in data sheet. 


Temperature 
Range 


O°Cto +70°C 
O°Cto +70°C 


SFDR 


84 dB 
90 dB 


AD9014J 
AD9014K 


-1-'\JV 
+1-- 
100kHz 


1MHZ{ 16 
ECl·lEVEl 
DIFFERENTIAL 
ENCODE 
17 


26,29,35 
-5.2V 


AD9014 Burn-In Circuit 


AD9014 PRINTED 
CIRCUIT 
BOARD LAYERS 
All layers shown from component (top) side. 
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AGND 


AGND 


V,N 


Pin No. 
Name 


1 
Bit 14 (LSB) 


through 
through 
14 
Bit I (MSB) 


15 
Bit 1 (MSB) 


16 
ENCODE 
17 
ENCODE 


18,30 
+15 V 


19,24,27 
AGND 


20 
A1N 


21 
AGND 


22 
AGND 


23,32 
-IS 
V 


25,34 
+5 V 


26,35 
-5.2 
V 


31,33,36 
AGND 


29 
-5.2 
V 


28,37 
DGND 


Function 


True ECL outputs. 
Each is internally terminated to -5.2 
V through a 2 kll resistor and has limited 
drive capability; a I kll isolation resistor is connected in series with the output. Additional termination 
will increase current spikes within the hybrid, and possibly degrade NO performance. 
These pins 


should be interfaced to ECL receivers or latches located as close as possible to the 
AD9014. Positive full scale is represented 
by all "I"s. 
(See equivalent circuit elsewhere in data sheet.) 


Complement of Bit I (see above). 
• 


Differential ECL ENCODE 
inputs; 50 II internal terminations. 
User-supplied 
ENCODE 
command 
should contain smallest possible amount of jitter for optimum performance. 


Analog supply pins; decoupling capacitors included on AD9014 card. 


Analog ground; should be connected to low impedance ground plane. 


Analog input to AD9014; interface is via either SMA connector or this pin, nominally 75 II input 
impedance. (See equivalent circuit.) 


Signal ground reference; should be connected to signal source reference. 


Signal ground reference; should be connected to signal source reference. 


Analog supply pins; decoupling capacitors included on AD9014 card. 


Vcc analog supply pins; decoupling included on AD9014 board. 


VEE analog supply pins; decoupling included on AD9014 board. 


Analog ground; should be connected to low impedance ground plane. 


Digital VEE supply pin. 


Digital ground; should be connected to low impedance ground plane. 


ENCODE 
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(INTERNAL 
HOLD PULSE) 


N -1 DATA SAMPLE 
(DATA VALID UNTIL END OF NEXT CONVERSION CYCLE) 


MAX 


50""" OF DUTY CYCLE 
I w 
ENCODE 
COMMAND 
PULSE WIDTH 
10n. 


I E 
SPACING 
BETWEEN 
ENCODE COMMANDS 
lOOn. 
I C 
CONVERSION 
TIME 


IA 
ACQUISITION 
TIME' 


100 
OUTPUT 
DELAY 
(DRIVING 
SINGLE 
10K LOGIC GATE ADJACENT 
TO UNIT (SEE APPLICATIONS 
SECTION)) 


'APPLICATIONS 
WITH SLIGHTLY 
FASTER 
SAMPLING 
RATE (10.24 
MSPS) 
WILL HAVE ACQUISITION 
TIME WHICH IS APPROXIMATELY 
2n. 
SHORTER 


The AD90 14 is a two-step subranging analog to digital converter 
that provides extremely wide dynamic range performance. 
Its 
major system building blocks include a single to differential am- 
plifier; track and hold amplifier; 8-bit main range flash ADC; 
16-bit-linear, 8-bit DAC; clamped monolithic summation ampli- 
fier; 8-bit residue flash ADC; and digital adder logic. 


The AD9014 consists of two custom hybrids mounted on a 
small multilayered PCB. It was made possible by a judicious 
combination of innovative design topologies, new custom chips, 
and mature manufacturing 
processes including laser trimming of 
thin-film resistors. 


Subranging architecture 
has been utilized in numerous ADCs 
and has proven to be an efficient way to obtain wide dynamic 
range at high sampling rates. Briefly, a single-ended analog in- 
put signal is converted to a balanced differential signal that is 
"sampled and held" by a track and hold amplifier. This held 
value is then digitized by the main range 8-bit flash ND con- 
verter. The resulting 8-bit word is converted back to an analog 
value via a 16-bit-linear, 8-bit DAC and is compared to the 
"held" value via a high accuracy, clamped summation amplifier. 
The difference of the two signals is then digitized by a second 
8-bit flash ADC. In the final step, the two 8-bit words are com- 
bined via digital adder logic. 


Refer to the block diagram of the AD9014 on the first page of 
this data sheet. The track and hold hybrid accomplishes two 
functions. First, the single-ended analog input is converted to a 
balanced differential signal via an extremely low distortion single 
to differential amplifier. The 75 .n input impedance of the 
AD9014 can be regarded as the feed-forward resistor of this am- 
plifier. Second, the resultant balanced signal is then sampled 
and held for digitization by the encoder hybrid. 


In previous ADCs, the track and hold (TIH) has been the most 
significant source of harmonic and nonharmonic 
spurs. To help 
avoid this in the AD9014, approximately half the power dissipa- 
tion and one of the two hybrids is dedicated to the track and 
hold function. A differential TIH architecture 
is utilized to ob- 
tain frrst order cancellation of the even-order harmonics. The 
sampling switch (or bridge) is driven by a pair of closed-loop 
amplifiers to minimize aperture induced harmonics. The acquisi- 
tion time of the AD90 14 is approximately 
35 ns. 


Differential architecture 
used in the AD9014 TIH is extended to 
the encoder section of the AD9014. All circuit elements are 
differential to minimize the generation of spurs, increase the 
common-mode noise suppression, 
and improve performance 
over temperature. 


Two 8-bit flash converters are used to achieve the 10 MSPS en- 
code rate; each converter provides data approximately 
8 ns after 
it receives an encode command. The main range converter pro- 
vides the MSB information, 
which is loaded into the digital 
adder circuits and is also applied to the DAC. The residue con- 
verter provides the LSB information. 
Two overlap or correction 
bits are utilized in the digital correction logic where the two 8- 
bit words are combined into the final 14-bit digital output. 


In addition to the track-and-hold, 
the digital-to-analog converter 
looms as a large contributor 
of spurs. The DAC in the AD9014 
utilizes unique differential diode switching current sources and 
laser-trimmed 
thin film resistors. This optimizes the perfor- 
mance of the ADC as a function of temperature 
and time. 


Laser trimmed thin film resistors are inherently stable over 
time. Any resistor shifts that occur are transparent 
to the user 


matched counterpart. 
The trimmed DAC settles to 16-bit accu- 


racy in approximately 
10 ns. 


The output of the DAC is compared to the held de value via a 
clamped summation amplifier. This amplifier is set for a gain of 
10 VN and drives the residue 8-bit flash converter. It settles in 
35 ns and comes out of overdrive in 5 ns. The settling time of 
this amplifier is the major factor affecting the maximum sample 
rate of the AD90l4. 


The fmal major source of spurs are the nonlinearities in the two 
flash converters. Differential nonlinearity (DNL) and integral 
nonlinearity (INL) errors in the main range converter determine 
how much of the error correction budget is actually used. 


If the INL of the residue converter is sufficiently large, nonlin- 
earities of the main range converter set the DNL of the AD9014 
at the digitally compensated subranging points. If the main 
range converter is sufficiently linear, the DNL of the residue 
converter sets the overall AD9014 DNL. The flash converters 
used in the AD90 14 are inherently linear; die are screened by 
probe testing before they are used in the encoder hybrid. 


Finally, the two 8-bit digital words from the main range and 
residue flash converters are latched into a 16-bit register, where 
they are added to form the 14-bit digital output word. The ac- 
tual error correction takes place in this adder. If the analog in- 
put exceeds positive or negative full scale, the digital output 
remains, respectively, at all "I" or all "0"; it does not roll over. 


USING 
THE AD9014 
The AD90 14 ND converter has been carefully designed to offer 
users the widest possible dynamic range. Each unit is dynami- 
cally tested before it is shipped. Great care has been taken in the 
design of the AD9014 to simplify its application so that users 
can easily duplicate the performance measured at the factory. 


A well designed, "clean" printed circuit board (PCB) with sepa- 
rate power and ground planes is necessary; a multilayered board 
is recommended. 
Wire-wrap techniques often used in prototypes 
will materially diminish spectral performance. 
The figure labeled 
AD90 14 Recommended 
Connections provides details regarding 
application of the unit. 


Driving the Differential 
Encode Input 
A differential ECL encode signal is required for the AD9014. 
This signal should be as "clean" and fast (lOOK ECL equiva- 
lent) as possible, with a minimum amount of jitter. 


Excessive jitter on the encode command manifests itself as a 
wider "skirt" around the analog input fundamental, 
which de- 


grades the observed SNR and masks information which may be 
under the skirt. This may not be important in frequency domain 
applications since the generation of harmonic and nonharmonic 
spurs is unaffected. 


One method of generating a "clean" differential ECL encode 
signal is to use a spectrally pure low phase noise sine wave to 
drive an AD96687 ultrafast ECL comparator, 
as shown in the 
"AD9014 Recommended Connections" 
figure on the next page. 


(Signal generators such as the HP 8642A and Rohde & Schwarz 
SMHU can be used.) 


Careful consideration must be given to routing the encode sig- 
nal. The comparator should be located as close as possible to the 
AD9014. The inputs to and outputs from the AD96687 should 
be as short as possible and terminated 
right at the unit. 
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Matching 
the Analog Input Impedance 
As described in the Theory of Operations, 
the analog input im- 
pedance into the track and hold is 75 0 II 7 pF. This is shown 
graphically in the figure below. 


AIN~ 


~7511 
~ 
7pF 


AD9014 
Analog 
Input 
Circuit 


The Analog input signal can be applied to the ADC either via 
the SMA connector or through Pin 20. The drive source should 
be matched to the impedance of the ADC. The AD9014 can be 
set up for a 50 0 system by soldering the appropriate resistor 
between Pins 20 and 21. This option will be installed at the fac- 
tory if" - 50" is added to the part number when the order is 
placed. 


Driving the Analog Input 
Special care must be taken to ensure that the analog input signal 
is not compromised before it reaches the AID converter. Any 
required filtering should be done as close to the AD9014 as pos- 
sible, and away from any digital lines. 


The full-scale analog input range of the AD9014 is 9 dBm 
(:t I V into 75 0). In many applications, 
the analog input is at a 


much lower level and must be amplified to meet the full-scale 
range of the AD9014. The optimum way to achieve this amplifi- 
cation depends largely on the application. 


For frequency domain applications, the circuit shown below is 
recommended when gain is required. This configuration works 
well for analog input frequencies through 10 MHz without in- 
troducing spurs that degrade the ADC's capabilities. At 


Input Impedance = R/3 
Gain = + ~n 
(VOUT=2V p;» 


Low-Distortion 
Drive 
Circuit 
for AD9014 


2.3 MHz and 2 V p-p output, all spurs generated are less than 
-100 dBc. The output is configured to drive the 75 fi input 
impedance of the AD9014. Note that this circuit wiJI add ap- 
proximately 6 dB to the noise floor and is not recommended for 
applications where SNR is crucial. 


The signal path is through U3 and U4, which are set up in a 
series inverting configuration to cancel even-order harmonics 
that are generated when gain bandwidth product diminishes 
with frequency. U I and U2 reduce the drive current of U3 and 
U4, respectively. Since UI and U2 are set up in gains twice that 
of U3 and U4, the net effect is that the output stages of U3 and 
U4 are unloaded. This eliminates the odd-order harmonics gen- 
erated in the output stages of U3 and U4. 


The gain of the overall block is +400 filR, and the input im- 
pedance is R/3. The output of the amplifier circuit is set up to 
drive I V peak into 75 fi. 


Overdriving 
the Analog Input 
The analog input can be overdriven by 12 dB (±4 V) without 
inflicting long term damage to the AD9014. When overdriven, 
the digital outputs wiJI be either all Is or Osdepending on 
whether it is overdriven high or low. 


The recovery time from the instant the overvoltage condition is 
relieved to when the converter begins producing valid data is a 
function of the amount of overdrive. Results are summarized in 
the following chart. 
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Collecting the Digital Output Data 
Digital data from the AD9014 is ECL compatible. Pull-down 
resistors are included inside the encoder hybrid; 
I kfi series re- 
sistors are also included to completely isolate the digital outputs 
from the analog sections of the AD9014. (See "MECL System 
Design Handbook," 
Fourth Edition, page 27; printed by 
Motorola Inc.) 


The digital outputs should interface directly to an ECL latch or 
receiver, located as close to the AD9014 as possible. No external 
pull-down resistors are required; they are built into the 
AD9014. 
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Digitizing Super Nyquist Signals 
The AD9014 can be used to digitize analog super Nyquist input 
signals. For a full-scale analog input of 10 MHz, the third har- 
monic is typically -72 dBc and is the highest spur. When the 
analog input power is lowered by 6 dB, the third harmonic 
drops about 12 dB; all spurs generated by the ADC typically 
remain below -84 dBFS. 


By arbitrarily defining the full-scale power level into the 
AD9014 to be -6 dBFS or 3 dBm, signals up to 10 MHz can 
be digitized while maintaining a spurious-free dynamic range of 
at least 80 dB. In this example, Bits I and 2 are used as the 
overflow signal (see Digital Coding graph below); all 14 bits 
from the converter must be used, are valid, and should be pro- 
cessed. 
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Utilizing Fewer than 14 Bits 
In some cases it is advantageous to ignore the AD9014's LSBs. 
As an example, if a previously designed DSP or buffer memory 
is able to process only 10- or 12-bit words, retrofitting the sys- 
tem using the AD90 14 may provide significant improvements. 
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The spurious free dynamic range (SFDR) of any AID is a func- 
tion of the converter linearity, while the "number 
of bits" of the 
converter's output affects the level of the noise floor. The level 
of the internally generated spurs will not rise as bits are omitted, 
but the noise floor rises for each bit that is dropped. The chart 
below summarizes the AD9014 SFDR as a function of the num- 
ber of bits being processed. 


Noise Figure Estimates 
An estimate of the noise figure of the AD90 14 can be calculated 
from information contained in the specification table. It is de- 
fined as the degradation of the signal-to-noise ratio as an analog 
signal passes through the device. 


Since the AD90 14 has no gain, the noise figure can be deter- 
mined by comparing the noise level at the output to the noise at 
the input. For a 50 n system, the input noise can be determined 
using Boltzmann's 
Constant, the absolute temperature, 
and the 
bandwidth. 
For a I Hz bandwidth at room temperature, 
this 
value is -174 
dBmlHz. 


The noise level at the output of the AD9014 can be calculated 
from the specified signal to noise-ratio (SNR) wltich is 75 dB. 
Since the full-scale analog input signal is +9 dBm, the noise 
level at the output of the AD9014 is -66 dBm for the 
5 MHz band. 


The noise figure can be determined 
using the following 
equation: 


NF = Output Noise -10 
IOgIO 
(BWoIBWi) - Input Noise Level 


where BWo = 5 MHz and BWi = 1 Hz 


For the AD90 14, the noise figure calculates to: 


NF = -66 dB -67 dB - (-174 dB) = 41 dB • 


Tltird Order Intercept 
Point 
Traditionally, 
the tltird order two-tone intermodulation 
specifi- 
cation of mixers is the most troublesome, 
since the resultant 
frequencies are very close to the fundamental 
signals and are 
difficult to filter. The differential design of the AD9014 ensures 
that the generation of two-tone IMD spurs is minimized. 


The two-tone IMD intercept point for the AD9014 can be easily 
estimated for a given frequency if the harmonic suppression of 
the IMD spur levels is known (or can be measured). As shown 
in the typical performance section of the data sheet, for 2 dBm 
(-7 
dBFS) analog input tones of 2.3 MHZ and 2.4 MHz, the 
relevant IMD spurs are located at 2.2 MHz and 2.5 MHz, and 
are -95 dBm (-102 
dBFS). 


The following equation can be used to determine the converter's 
intercept point: 


Intercept Point = (Harmonic Suppression/eN-I)] 
+ Input Power 


where N = the order of the IMD (3 in this case) 


AD9014 Intercept Point = 9512 + 2 dBm = 49.5 dBm 


The intercept point for the AD9014 is a measure of the effec- 
tiveness of the AD9014's track-and-hold 
amplifier and is valid 
over the relevant frequency range and for analog input values 
within approximately 
10 dB of the converter's 
specified full-scale 
range. When the analog input level is less than -10 dBFS, the 
nOnlinearities of the encoder tend to dominate and the intercept 
point concept is invalid. 


TYPICAL 
AD9014K SPECTRAL 
PERFORMANCE 
Five-sample average of 8, I92-point FFTs; all harmonics are aliased. 
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AID Converter 
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FEATURES 
Monolithic 10-Bit160 MSPS Converter 
TTL Outputs 
Bipolar (±1.75 VI Analog Input 
56 dB SNR @ 2.3 MHz Input 
Low (45 pFI Input Capacitance 
MIL-STD-883 Compliant Versions Available 


APPLICATIONS 
Digital Oscilloscopes 
Medical Imaging 
Professional Video 
Radar WarninglGuidance Systems 
Infrared Systems 


GENERAL DESCRIPTION 
The AD9020 AID converter is a 10-bit monolithic converter ca- 
pable of word rates of 60 MSPS and above. Innovative architec- 
ture using 512 input comparators instead of the traditional 1024 
required by other flash converters reduces input capacitance and 
improves linearity. 


Encode and outputs are TTL-compatible, 
making the AD9020 an 
ideal candidate for use in low power systems. An overflow bit is 
provided to indicate analog input signals greater than + VSENSE' 


Voltage sense lines are provided to insure accurate driving of the 
± VREF voltages applied to the units. Quarter-point 
taps on the 
resistor ladder help optimize the integral linearity of the unit. 


Either 68-pin ceramic leaded (gull wing) packages or ceramic 
LCCs are available and are specifically designed for low thermal 
impedances. Two performance grades for temperatures 
of both 0 
to + 70°C and - 55°C to + 125°C ranges are offered to allow the 
user to select the linearity best suited for each application. Dy- 
namic performance is fully characterized and production tested 
at +2SoC. MIL-STD-883 
units are available. 


The AD9020 AID Converter is ~vailable in versions compliant 
with MIL-STD-883. 
Refer to the Analog Devices Military Prod- 
ucts Databook or current AD90201883B 
data sheet for detailed 
specifications. 
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T 
Vs 
........••.•................. 


-Vs 
-6 V 


ANALOG IN 
-2 V to +2 V 


+VREF, 
-VREF, 
3/4REF, 
1/2REF, 1/4REF 
••••• 
-2 V to +2 V 
+VREF to -VREF 
•••••••••••••••••••••••••• 
4.0 V 
DIGITAL 
INPUTS 
-0.5 
V to +Vs 


Operating Temperature 
AD9020jE/KE/jZ/KZ 
0 to +70°C 


Storage Temperature 
-65°C to + 150°C 
Maximum junction 
Temperature2 
•••••••••••••• 
+175°C 
Lead Soldering Temp (10 see) 
+300°C 


Test 
AD9020JElJZ 
AD9020KEIKZ 
Parameter 
(Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
10 
10 
Bits 


DC ACCURACY' 


Differential Nonlinearity 
+25°C 
I 
1.0 
1.25 
0.75 
1.0 
LSB 
Full 
VI 
1.5 
1.25 
LSB 
Integral Nonlinearity 
+25°C 
I 
1.25 
2.0 
1.0 
1.5 
LSB 
Full 
VI 
2.5 
2.0 
LSB 
No Missing Codes 
Full 
VI 
Guaranteed 


ANALOG INPUT 
Input Bias Current' 
+25°C 
I 
0.4 
1.0 
0.4 
1.0 
mA 


Full 
VI 
2.0 
2.0 
mA 


Input Resistance 
+25°C 
I 
2.0 
7.0 
2.0 
7.0 
kO 


Input Capacitance' 
+25°C 
V 
45 
45 
pF 


Analog Bandwidth 
+25°C 
V 
175 
175 
MHz 


REFERENCE 
INPUT 
Reference Ladder Resistance 
+25°C 
I 
22 
37 
56 
22 
37 
56 
0 


Full 
VI 
14 
66 
14 
66 
0 


Ladder Tempco 
Full 
V 
0.1 
0.1 
orc 
Reference Ladder Offset 
Top of Ladder 
+25°C 
I 
45 
90 
45 
90 
mV 


Full 
VI 
90 
90 
mV 


Bottom of Ladder 
+25°C 
I 
45 
90 
45 
90 
mV 


Full 
VI 
90 
90 
mV 
Offset Drift Coefficient 
Full 
V 
50 
50 
fJ-VrC 


SWITCHING 
PERFORMANCE 


Conversion Rate 
+25°C 
I 
60 
60 
MSPS 
Aperture Delay (tA) 
+25°C 
V 
I 
I 
ns 
Aperture Uncertainty (Jitter) 
+25°C 
V 
5 
5 
ps, rms 


Output Delay (toDl' 
+25°C 
I 
6 
10 
13 
6 
10 
13 
ns 


Output Time Skew' 
+25°C 
I 
3 
5 
3 
5 
ns 


DYNAMIC PERFORMANCE 
Transient Response 
+25°C 
V 
10 
10 
ns 
Overvoltage Recovery Time 
+25°C 
V 
10 
10 
ns 


Effective Number of Bits (ENOB) 


fIN = 2.3 MHz 
+25°C 
I 
8.6 
9.0 
8.6 
9.0 
Bits 


fIN = 10.3 MHz 
+25°C 
IV 
8.0 
8.4 
8.0 
8.4 
Bits 


fIN = 15.3 MHz 
+25°C 
IV 
7.5 
8.0 
7.5 
8.0 
Bits 


Signal-to-Noise Ratio· 
fIN = 2.3 MHz 
+25°C 
I 
54 
56 
54 
56 
dB 
fIN = 10.3 MHz 
+25°C 
I 
50 
53 
50 
53 
dB 
fIN = 15.3 MHz 
- 
+25°C 
I 
47 
50 
47 
50 
dB 
Signal-to-Noise Ratio· 


(Without Harmonics) 


fIN = 2.3 MHz 
+ 25°C 
I 
54 
56 
54 
56 
dB 
fIN = 10.3 MHz 
+25°C 
I 
51 
54 
51 
54 
dB 


fIN = 15.3 MHz 
+2SOC 
I 
48 
52 
48 
52 
dB 


Test 
AD9020JElJZ 
AD9020KEIKZ 
Parameter 
(Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


DYNAMIC PERFORMANCE 


(CONTINUED) 


Harmonic Distortion 
f'N = 2.3 MHz 
+25°C 
I 
61 
67 
61 
67 
dBc 
fIN = 10.3 MHz 
+25°C 
I 
55 
59 
55 
59 
dBc 
fIN = 15.3 MHz 
+25°C 
I 
49 
53 
49 
53 
dBc 
Two-Tone Intermodu1ation 
Distortion Rejection 7 
+25°C 
V 
70 
70 
dBc 
Differential Phase 
+25°C 
V 
0.5 
0.5 
Degree 
Differential Gain 
+25°C 
V 
1 
1 
% 


ENCODE 
INPUT 
Logic "1" Voltage 
Full 
VI 
2.0 
2.0 
,V 
Logic "0" Voltage 
Full 
VI 
0.8 
0.8 
V 
Logic "1" Current 
Full 
VI 
20 
20 
•.•.A 
Logic "0" Current 
Full 
VI 
800 
800 
•.•.A 
Input Capacitance 
+25°C 
V 
5 
5 
pF 
Pulse Width (High) 
+25°C 
I 
6 
6 
ns 
Pulse Width (Low) 
+25°C 
I 
6 
6 
ns 


DIGITAL 
OUTPUTS 
Logic "1" Voltage (lOH = 2 mAl 
Full 
VI 
2.4 
2.4 
V 
Logic "0" Voltage (lOL = 10 mAl 
Full 
VI 
0.4 
V 


POWER SUPPLY 


+ Vs Supply Current 
+25°C 
I 
440 
530 
440 
530 
mA 
Full 
VI 
542 
542 
mA 
- Vs Supply Current 
+25°C 
I 
140 
170 
140 
170 
mA 
Full 
VI 
177 
177 
mA 
Power Dissipation 
+25°C 
I 
2.8 
3.3 
2.8 
3.3 
W 
Full 
VI 
3.4 
3.4 
W 
Power Supply Rejection 
Ratio (PSRR)8 
Full 
VI 
6 
10 
6 
10 
mVN 
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NOTES 


IAbsolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 
2Typical thermal impedances (pan soldered onto board): 68·pin leaded ceramic chip carrier: 0Je = 1°C'W; eJA = 17°ClW (no air flow)j 9JA = 15°aw 
(air flow = 500 LFM). 68-pin ceramic LCC: ajC 
~ 2.6°CJW; aJA = 15°CJW(no air flow); aJA = 13"C!W 
(air flow = 500 LFM). 


33/4REFJ 1I2REF, and 1/4REF reference ladder taps acc driven from de sources at +0.875 
V, 0 V, and -0.875 
V, respectively. Accuracy of the overflow compara- 
tor is not tested and not included in linearity specifications. 
'Measured wiIh ANALOG IN = 
+VSENSE' 
50utput delay measured as worst-case time from 50% JXlintof the rising edge of ENCOOE 
to 50% JXlintof the slowest rising or falling edge of 00-09, 
Output 
skew measured as worst-case difference in output delay among 00-09, 
6RMS signal to rms noise with analog input signal I dB below full scale at specified frequency. 
7Intermodulation measured with analog input frequencies of 2.3 MHz and 3.0 MHz at 7 dB below full scale. 
'Measured as the ratio of the worst-case change in transition voltage of a single comparator for a 5% change in +Vs or -Vs. 
Specifications subject to change without notice. 


EXPLANATION 
OF TEST LEVELS 
Test Level 


I 
- 
100% production tested. 


II 
- 
100% production tested at + 25°C, and sample tested at 
specified temperatures. 


III - 
Sample tested only. 


IV - 
Parameter is guaranteed by design and characterization 
testing. 


V 
- 
Parameter is a typical value only. 


VI - 
All devices are 100% production tested at + 25°C. 100% 
production tested at temperature extremes for extended 
temperature devices; sample tested at temperature ex- 
tremes for commercial/industrial devices. 


Temperature 
Package 
Device 
Range 
Description 
Option* 


AD9020JZ 
o to +70°C 
68-Pin Leaded Ceramic Z-68 
AD9020JE 
o to +70°C 
68-Pin Ceramic LCC 
E-68A 
AD9020KZ 
o to +70°C 
68-Pin Leaded Ceramic Z-68 
AD9020KE 
o to +70°C 
68-Pin Ceramic LCC 
E-68A 
AD9020SZl883 -55°C to + 125°C 68-Pin Leaded Ceramic Z-68 
AD9020SEl883 -55°C to + 125°C 68-Pin Ceramic LCC 
E-68A 
AD9020TZ/883 
-55°C to + 125°C 68-Pin Leaded Ceramic Z-68 
AD9020TEl883 -55°C to + 125°C 68-Pin Ceramic LCC 
E-68A 
AD9020IPCB 
Oto +70°C 
Evaluation Board 


DIE LAYOUT 
AND MECHANICAL 
INFORMATION 
Die Dimensions 
206 x 140 x IS (±2) mils 
Pad Dimensions 
4 x 4 mils 
Metalization 
Gold 
Backing 
None 
Substrate Potential 
- Vs 
Passivation 
Nitride 


Do (lSe) 
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+Ys 
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GROUND 
-Vs 


• Vs 


ENCODE 
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GROUND 
.VAEF 
.vw<s< 


.v. 


D, 
D, 
D, 
0, 


D,(MSBj 


OVERFLOW 
.vs 
GROUND 
-v• 


• 
.Vs 


-VREf 


-YSfHSl: 


lSBslNYERT 


STATIC: AD! = -2V; AD2 = +2.4V 
DYNAMIC: AD! = ±2V TRIANGLE WAVE 
AD2 = Tn. 
PULSE TRAIN 


NC 
+VS£NSE 
+VREF 
GND 
ENCODE 
+Vs 
-Vs 
GND 
+Vs 
(LSB)Do 
0, 
0, 
0, 
0, 
NC 
+Vs 
NC 


NC 
LSBs INVERT 
NC 


-VSENSE 


-VREF 
+Vs 
-Vs 
GND 
+Vs 
OVERFLOW 
D.(MSB) 
D. 
0, 
D. 
Os 
+Vs 
NC 
• 


Name 


1/2REF 
-Vs 
2, 16, 28, 29, 35, 
41,42, 
54, 64 


3, 6, 15, 18, 25, 30, 
33, 34, 37, 40, 45, 
52, 55, 65, 68 


4,5, 
13, 17,27,31,32 
36, 38, 39, 43, 53, 66, 67 


7 


8,9 


11 


3/4REF 


ANALOG IN 


19-23,46-50 


51 


Do-D. 


OVERFLOW 


Function 


Midpoint of internal reference ladder. 


Negative supply voltage; nominally -5.0 
V ±5%. 


All ground pins should be connected together and to low- 
impedance ground plane. 


Three-quarter 
point of internal reference ladder. 


Analog input; nominally between ± I. 75 V. 


Voltage sense line to most positive point on internal resistor 
ladder. Normally + I. 75 V. 


Voltage force connection for top of internal reference ladder. 
Normally driven to provide + I. 75 V at + VSENSE' 


TTL-compatible 
convert command used to begin digitizing 
process. 


TTL-compatible 
digital output data. 


TTL-compatible 
output indicating ANALOG IN > 
+VSENSE' 


Voltage force connection for bottom of internal reference 
ladder. Normally driven to provide -1.75 
Vat -VSENSE' 


Voltage sense line to most negative point on internal resistor 
ladder. Normally -1.75 
V. 


Normally grounded. 
When connected to + Vs, lower order 
bits (Do-D.) are inverted. 


Normally grounded. 
When connected to + Vs, most 
significant bit (MSB; D.) is inverted. 


One-quarter 
point of internal reference ladder. 


THEORY OF OPERATION 
Refer to the AD9020 block diagram. As shown, the AD9020 
uses a modified "flash", or parallel, ND architecture. 
The ana- 
log input range is determined by an external voltage reference 
(+VREF and -VREF), 
nominally ±1.75 V. An internal resistor 
ladder divides this reference into 512 steps, each representing 
two quantization 
levels. Taps along the resistor ladder (1I4REF, 
1I2REF and 3/4REF) are provided to optimize linearity. Rated 
performance is achieved by driving these points at 114, 112and 
3/4, respectively, of the voltage reference range. 


The ND conversion for the nine most significant bits (MSBs) is 
performed by 512 comparators. 
The value of the least significant 
bit (LSB) is determined 
by a unique interpolation 
scheme 
between adjacent comparators. 
The decoding logic processes the 
comparator outputs and provides a IO-bit code to the output 
stage of the converter. 


Flash architecture 
has an advantage over other ND architectures 
because conversion occurs in one step. This means the perfor- 
mance of the converter is limited primarily by the speed and 
matching of the individual comparators. 
In the AD9020, an 
innovative interpolation 
scheme takes advantage of flash archi- 
tecture but minimizes the input capacitance, power and device 
count usually associated with that method of conversion. 


These advantages occur because of using only half the normal 
number of input comparator cells to accomplish the conversion. 
In addition, a proprietary 
decoding scheme minimizes error 
codes. Input control pins allow the user to select from among 
Binary, Inverted Binary, Twos Complement and Inverted Twos 
Complement coding (See AD9020 Truth Table). 


APPLICATIONS 
Many of the specifications used to describe analog/digital con- 
verters have evolved from system performance requirements 
in 
these applications. Different systems emphasize particular speci- 
fications, depending on how the part is used. The following 
applications highlight some of the specifications and features 
that make the AD9020 attractive in these systems. 


Wide band Receivers 
Radar and communication 
receivers (baseband and direct IF 
digitization), ultrasound medical imaging, signal intelligence and 
spectral analysis all place stringent ac performance requirements 
on analog-to-digital converters (ADCs). Frequency domain char- 
acterization of the AD9020 provides signal-to-noise ratio (SNR) 
and harmonic distortion data to simplify selection of the ADC. 


Receiver sensitivity is limited by the Signal-lo-Noise Ratio 
(SNR) 
of the system. The SNR for an ADC is measured in the 
frequency domain and calculated with a Fast Fourier Transform 
(FFT). The SNR equals the ratio of the fundamental compo- 
nent of the signal (rms amplitude) to the rms value of the 
"noise." The noise is the sum of all other spectral components, 
including harmonic distortion, 
but excluding dc. 


Good receiver design minimizes the level of spurious signals in 
the system. Spurious signals developed in the ADC are the 
result of imperfections in the device transfer function (non- 
linearities, delay mismatch, varying input impedance, etc.). In 
the ADC, these spurious signals appear as Harmonic Distortion. 
Harmonic Distortion is also measured with an FFT and is speci- 
fied as the ratio of the fundamental 
component of the signal 


(rms amplitude) to the rms value of the worst case harmonic 
(usually the 2nd or 3rd). 


Two-Tone lnlermodulation Distortion (IMD) is a frequently cited 
specification in receiver design. In narrow-band 
receivers, third- 
order IMD products result in spurious signals in the pass band 
of the receiver. Like mixers and amplifiers, the ADC is charac- 
terized with two, equal-amplitude, 
pure input frequencies. The 
IMD equals the ratio of the power of either of the two input 
signals to the power of the strongest third-order 
IMD signal. 


Unlike mixers and amplifiers, the IMD does not always behave 
as it does in linear devices (reduced input levels do not result in 
predictable reductions in IMD). 


Performance graphs provide typical harmonic and SNR data for 
the AD9020 for increasing analog input frequencies. In choosing 
an AID converter, always look at the dynatnic range for the ana- 
log input frequency of interest. The AD9020 specifications pro- 
vide guaranteed minimum limits at three analog test frequencies. 


Aperture Delay is the delay between the rising edge of the 
ENCODE 
command and the instant at which the analog input 
is sampled. Many systems require simultaneous sampling of 
more than one analog input signal with multiple ADCs. In these 
situations, timing is critical and the absolute value of the aper- 
ture delay is not as critical as the matching between devices. 


Aperture Uncertainty, or jitter, is the sample-to-sample variation 
in aperture delay. This is especially important when sampling 
high slew rate signals in wide bandwidth systems. Aperture 
uncertainty is one of the factors which degrades dynatnic perfor- 
mance as the analog input frequency is increased. 


Digitizing Oscilloscopes 
Oscilloscopes provide amplitude information about an observed 
waveform with respect to time. Digitizing oscilloscopes must 
accurately sample this signal, without distorting the information 
to be displayed. 


One figure of merit for the ADC in these applications is Effec- 
tive Number of Birs (ENOBs). 
ENOB is calculated with a sine 
wave curve fit and equals: 


ENOB = N - LOG2 [Error (measured)/Error 
(ideal)] 


N is the resolution (number of bits) of the ADC. The measured 
error is the actual rms error calculated from the converter out- 
puts with a pure sine wave input. 


The Analog Bandwidth 
of the converter is the analog input fre- 
quency at which the spectral power of the fundamental signal is 
reduced 3 dB from its low frequency value. The analog band- 
width is a good indicator of a converter's slewing capabilities. 


The Maximum 
Conversion Rate is defmed as the encode rate at 
which the SNR for the lowest analog signal test frequency tested 
drops by no more than 3 dB below the guaranteed limit. 


Imaging 
Visible and infrared imaging systems both require similar char- 
acteristics from ADCs. The signal input (from a CCD camera, 
or multiplexer) is a time division multiplexed signal consisting of 
a series of pulses whose amplitude varies in direct proportion to 
the intensity of the radiation detected at the sensor. These vary- 
ing levels are then digitized by applying encode commands at 
the correct times, as shown below. 
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The actual resolution of the converter is limited by the thermal 
and quantization 
noise of the ADC. The low frequency test for 
SNR or ENOB is a good measure of the noise of the AD9020. 
At this frequency, the static errors in the ADC determine the 
useful dynatnic range of the ADC. 


Although the signal being sampled does not have a significant 
slew rate, this does not imply dynatnic performance is not 
important. 
The Transient Response and Overvoltage Recovery 
Time specifications insure that the ADC can track full-scale 
changes in the analog input sufficiently fast to capture a valid 
sample. 


Transient Response is the time required for the AD9020 to 
achieve full accuracy when a step function is applied. Overvolt- 
age Recovery Time is the time required for the AD9020 to 
recover to full accuracy after an analog input signal 150% of full 
scale is reduced to the full-scale range of the converter. 


Professional 
Video 
Digital Signal Processing (DSP) is now common in television 
production. 
Modern studios rely on digitized video to create 
state-of-the-art 
special effects. Video instrumentation 
also 
requires high resolution ADCs for studio quality measurement 
and frame storage. 


The AD9020 provides sufficient resolution for these demanding 
applications. Conversion speed, dynatnic performance and ana- 
log bandwidth are suitable for digitizing both composite and 
RGB video sources. 


Voltage References 
The AD9020 requires that the user provide two voltage refer- 
ences: +VREF and -V REF' 
These two voltages are applied 
across an internal resistor ladder (nominally 37 0) and set the 
analog input voltage range of the converter. The voltage refer- 
ences should be driven from a stable, low impedance source. In 
addition to these two references, three evenly spaced taps on the 
resistor ladder (1I4REF, 
1I2REF, 3/4REF) are available. Providing 
a reference to these quarter points on the resistor ladder will 
improve the integral linearity of the converter and improve ac 
performance. 
(AC and dc specifications are tested while driving 
the quarter points at the indicated levels.) The figure below is 
not intended to show the transfer function of the ADC, but 
illustrates how the linearity of the device is affected by reference 
voltages applied to the ladder. 
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Resistance between the reference connections and the taps of the 
first and last comparators causes offset errors. These errors, 
called "top and bottom of the ladder offsets," can be nulled by 
using the voltage sense lines, +VSENSE and -V SENSE' 
to adjust 
the reference voltages. Current through the sense lines should be 
limited to less than 100 flA. Excessive current drawn through 
the voltage sense lines will affect the accuracy of the sense line 
voltage. 


The next page shows a reference circuit which nulls out the off- 
set errors using two op amps and provides appropriate 
voltage 
references to the quarter-point 
taps. Feedback from the sense 
lines causes the op amps to compensate for the offset errors. 
The two transistors limit the amount of current drawn directly 
from the op amps; resistors at the base connections stabilize 
their operation. 
The 10 kO resistors (RI-R4) 
between the volt- 
age sense lines form an external resistor ladder; the quarter 
point voltages are taken off this external ladder and buffered by 
an op amp. The acrual values of resistors Rl-R4 
are not critical, 
but they should match well and be large enough (;;dO kO) to 
limit the amount of current drawn from the voltage sense lines. 


be a potentIometer) 
are cousen 
LUaUjUM 
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age references, but are not necessary if RI-R4 
match within 
0.05%. 


An alternative approach for defining the quarter-point 
references 
of the resistor ladder is to evaluate the integral linearity error of 
an individual device, and adjust the voltage at the quarter-points 
to minimize this error. This may improve the low frequency ac 
performance of the converter. 


Performance of the AD9020 has been optimized with an analog 
input voltage of ± I. 75 V (as measured at ± VSENSE)' 
If the ana- 
log input range is reduced below these values, relatively larger 
differential nonlinearity errors may result because of comparator 
mismatches. As shown in the figure below, performance of the 
converter is a function of ±VSENSE' 
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±VSENSE - Volts 


Applying a voltage greater than 4 V across the internal resistor 
ladder will cause current densities to exceed rated values, and 
may cause permanent damage to the AD9020. The design of 
the reference circuit should limit the voltage available to the 
references. 


Analog Input Signal. 
The signal applied to ANALOG IN drives the inputs of 512 
parallel comparator cells (see Equivalent Analog Input figure). 
This connection typically has an input resistance of 7 kO, and 
input capacitance of 45 pF. The input capacitance is nearly con- 
stant over the analog input voltage range, as sh\lWDin the graph 
which illustrates that characteristic. 


The analog input signal should be driven from a low distortion, 
low noise amplifier. A good choice is the AD9617, a wide band- 
width, monolithic operational amplifier with excellent ac and dc 
performance. The input capacitance should be isolated by a 
small series resistor (24 0 for the AD96l7) to improve the ac 
performance of the amplifier (see AD9020IPCB Evaluation 
Board Block Diagram). 
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Timing 
In the AD9020, the rising edge of the ENCODE 
signal triggers 


the AID conversion by latching the comparators. 
(See the 
AD9020 Timing Diagram.) 


The ENCODE 
is TTUCMOS 
compatible and should be driven 


from a low jitter (phase noise) source. Jitter on the ENCODE 
signal will raise the noise floor of the converter. Fast, clean 
edges will reduce the jitter in the signal and allow optimum ac 
performance. 
Locking the system clock to a crystal oscillator 
also helps reduce jitter. The AD9020 is designed to operate with 
a 50% duty cycle; small (10%) variations in duty cycle should 
not degrade performance. 


Data Format 
The format of the output data (Do- D.) is controlled by the 
MSB INVERT 
and LSBs INVERT 
pins. These inputs are de 
control inputs, and should be connected to GROUND 
or +Vs. 


The AD9020 Truth Table gives information to choose from 
among Binary, Inverted Binary, Twos Complement and In- 
verted Twos Complement coding. 


The OVERFLOW 
output is an indication that the analog input 


signal has exceeded the voltage at + VSENSE' 
The accuracy of 
the overflow transition voltage and output delay are not tested 
or included in the data sheet limits. Performance of the overflow 
indicator is dependent on circuit layout and slew rate of the en- 
code signal. The operation of this function does not affect the 
other data bits (Do-D.). 
It is not recommended 
for applications 


requiring a critical measure of the analog input voltage. 


Layout and Power Supplies 
Proper layout of high speed circuits is always critical but is 
particularly important when both analog and digital signals are 
involved. 


Analog signal paths should be kept as short as possible and be 
properly terminated to avoid reflections. The analog input volt- 
age and the voltage references should be kept away from digital 
signal paths; this reduces the amount of digital switching noise 
that is capacitively coupled into the analog section of the circuit. 
Digital signal paths should also be kept short, and run lengths 
should be matched to avoid propagation delay mismatch. 


In high speed circuits, layout of the ground circuit is a critical 
factor. A single, low impedance ground plane, on the compo- 
nent side of the board, will reduce noise on the circuit ground. 
Power supplies should be capacitively coupled to the ground 
plane to reduce noise in the circuit. Multilayer boards allow de- 
signers to layout 
signal traces without interrupting 
the ground 
plane and provide low impedance power planes. 


It is especially important to maintain the continuity of the 
ground plane under and around the AD9020. In systems with 
dedicated digital and analog grounds, all grounds of the AD9020 
should be connected to the analog ground plane. 


The power supplies (+ Vs and - Vs) of the AD9020 should 
be isolated from the supplies used for external devices; this 
further reduces the amount of noise coupled into the AID con- 
verter. Sockets limit the dynamic performance and should be 
used only for prototypes or evaluation - PCK Elastomerics 
Part # CCS-68-55 is recommended 
for the LCC package. 
(Tel. 215-672-0787) 


An evaluation board is available to aid designers and provide a 
suggested layout. 
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Step 
Range 
True 
Inverted 
True 
Inverted 


0= 
-1.75 
V 
MSB INV = "0" 
MSB INV = "I" 
MSB INV = "I" 
MSB INV = "0" 


FS = +1.75 V 
LSBs INV = "0" 
LSBs INV = "I" 
LSBs INV = "0" 
LSBs INV = "I" 


1024 
>+ 1.7500 
(1)1111111111 
(1)0000000000 
(1)0111111111 
(1)1000000000 
1023 
+ 1.7466 
1111111111 
0000000000 
0111111111 
1000000000 
1022 
+ 1.7432 
1111111110 
0000000001 
0111111110 
1000000001 


512 
+0.0034 
1000000000 
0111111111 
0000000000 
1111111111 
511 
0.000 
0111111111 
1000000000 
1111111111 
0000000000 
510 
-0.0034 
0111111110 
1000000001 
1111111110 
0סס oo00001 


02 
-1.7432 
0000000010 
1111111101 
1000000010 
0111111101 
01 
-1.7466 
0000000001 
1111111110 
1000000001 
0111111110 
00 
<-1.7466 
0000000000 
1111111111 
1000000000 
0111111111 


The overflow bit is always 0 except where noted in parentheses ( ). MSB INVERT and LSBs INVERT are considered dc controls. 


AD9020 
Truth 
Table 


REV. A 
ANALOG-TO-DIGITAL 
CONVERTERS 
2-751 


The AD9020IPCB Evaluation Board is available from the factory 
and is shown here in block diagram form. The board includes a 
reference circuit that allows the user to adjust both references 
and the quarter-point 
voltages. The AD9617 is included as the 
drive amplifier, and the user can configure the gain from -1 to 
-15. 


On-board reconstruction 
of the digital data is provided through 
the AD9713, a 12-bit monolithic DAC. The analog and recon- 
structed waveforms can be summed on the board to allow the 
user to observe the linearity of the AD9020 and the effects of 
the quarter-point 
voltages. The digital data and an adjustable 
Data Ready signal are available through a 37-pin edge connector. 
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FEATURES 
300 MSPS 
Encode 
Rate 
250 MHz 
Large 
Signal 
Input 
Bandwidth 
Low 
Input 
Capacitance: 
17 pF 
Excellent 
SNR 
Single 
-5.2 V Power 
Supply 
Overflow 
Bit & Bit Invert 
Functions 
1:2 Demultiplexed 
Outputs 
(AD9038) 
MIL·STD-883-Compliant 
Versions 
Available 


APPUCATIONS 
Digital 
Oscilloscopes 
Waveform 
Digitizers 
Radar 
Receivers 
Electronic 
Countermeasures 


GENERAL DESCRIPTION 
The AD9028 and AD9038 are ECL-compatible 
8-bit, high speed 
flash analog-to-digital converters. Both are fabricated in an ad- 
vanced bipolar VLSI process which ensures exceptionally wide 
analog input bandwidth (250 MHz) and encode rates up to 300 
MSPS. 


Output data for the AD9028 include Overflow and Data Ready 
signals; control pins allow the user to invert the MSB and/or 
LSBs. The AD9038 combines the features of the AD9028 with 
on-board demultiplexing 
circuits to provide two sets of output 
data. These ease the task of interfacing the converter by reduc- 
ing the data rate to half the encode rate. 


The analog input is designed for 0 to -2.0 
volt operation. 
Sense 
pins for the +VREF and - VREF inputs allow full-scale calibra- 
tion of the input range; a tap at the midpoint of the reference 
ladder is available to minimize integral nonlinearity. 
Dynamic 
performance is enhanced by driving the ANALOG RETURN 
pins with a buffered analog input; see the Applications section. 


There are two linearity grades of each device. Commercial 
temperature 
ranges of 0 to +70·C and military temperature 
ranges of - 55·C to + l25·C are available. Both components are 
offered in a ceramic 68-pin LCC, and a ceramic 68-pin leaded 
package. These packages are specially designed for low thermal 
impedance. 


The AD9028/AD9038 
AID Converter is available in versions 


compliant with MIL-STD-883. 
Refer to the Analog Devices 
Military Products Databook or current AD9028/AD9038/883B 
data sheet for detailed specifications. 


High Speed 8-Bit 
AID Converters 
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AD9028/AD9038 
- 
SPECIFI CATIONS 


ABSOLUTE 
MAXIMUM 
RATINGS' 
ANALOG INPUT 
-Vs 
to +0.5 V 
ANALOG RETURN 
0 V to +2.0 V 
-Vs 
to GROUND 
+0.5 V dc to -6.0 
V dc 
+VREF' -VREF, MIDSCALE 
VREF 
-2.1 
V to +0.1 V 
+VREF to -VREF 
2.1 V 


MIDSCALE 
VREF' +VSENSE , -VSENSECurrent 
±4 mA 
MSB INVERT, 
LSBs INVERT, 
OVERFLOW 
INHIBIT, 


ENCODE, 
ENCODE, 
HYSTERESIS 
-Vs 
to 0 V 


ENCODE 
to ENCODE 
4V 
Digital Output Current 
20 mA 
ANALOG 
-Vs 
to DIGITAL 
-Vs 
±0.5 V 
Operating Temperarure 
Range 
AD9028/AD9038KE1KZ/JE/JZ 
0 to +70°C 
AD9028/AD9038TElTZ/SE/SZl883 
-SSOC to + 125°C 
Maximum Junction Temperarure2 
•••••••••••••• 
+ 175°C 
Lead Temperarure 
(Soldering, 10sec) 
+ 300°C 
Storage Temperarure 
Range 
-65°C to + 150°C 


ELECTRICAL CHARACTERISTICS 
~~:~s~t~~s~;n:~d)= 0 v; -V 
REF = -2 V; ANALOG RETURN = 0 V, 


AD9028JE/JZ 
AD9028KE1KZ 
AD9038JE/JZ 
AD9038KE1KZ 
SE/SZl883 
TE/I'Zl883 
SElSZI883 
TE/I'Zl883 
Parameter 
(Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
8 
8 
8 
8 
Bits 


DC ACCURACY 
Differential Nonlinearity 
+25°C I 
0.8 
1.0 
0.6 
0.75 
0.8 
1.0 
0.6 
0.75 
LSB 
Full 
VI 
1.0 
1.2 
0.8 
1.0 
1.0 
1.2 
0.8 
1.0 
LSB 
Integral NonLinearity 
+25°C I 
0.8 
1.0 
0.6 
0.75 
0.8 
1.0 
0.6 
0.75 
LSB 
Full 
VI 
1.0 
1.2 
0.8 
1.0 
1.0 
1.2 
0.8 
1.0 
LSB 
No Missing Codes 
Full 
VI 
GUARANTEED 
GUARANTEED 


ANALOG INPUT 
Input Bias Current' 
+25°C I 
125 
250 
125 
250 
125 
250 
125 
250 
..,.A 


Full 
VI 
400 
400 
400 
400 
..,.A 


Input Resistance 
+25°C I 
50 
75 
50 
75 
50 
75 
50 
75 
kn 
Input Capacitance' 
+25°C III 
17 
21 
17 
21 
17 
21 
17 
21 
pF 
Analog Bandwidth' 
+25°C V 
250 
250 
250 
250 
MHz 


REFERENCE 
INPUT 
Reference Ladder Resistance 
+25°C I 
24 
40 
60 
24 
40 
60 
24 
40 
60 
24 
40 
60 
n 
Full 
VI 
20 
75 
20 
75 
20 
75 
20 
75 
n 
Ladder Tempco 
Full 
V 
0.13 
0.13 
0.13 
0.13 
orc 
Ref. Input Bandwidth 
Full 
V 
30 
30 
30 
30 
MHz 
Reference Ladder Offset' 
+25°C I 
32 
45 
32 
45 
32 
45 
32 
45 
mV 


(Top) 
Full 
VI 
47 
47 
47 
47 
mV 
Reference Ladder Offset' 
+25°C I 
26 
37 
26 
37 
26 
37 
26 
37 
mV 
(Bottom) 
Full 
VI 
39 
39 
39 
39 
mV 
Offset Drift Coefficient 
Full 
V 
20 
20 
20 
20 
fJoVrC 


SWITCHING 
PERFORMANCE" 
5 


Maximum Conversion Rate 
+25°C I 
300 
325 
300 
325 
300 
325 
300 
325 
MSPS 
Aperture Delay (tA) 
+25°C V 
1.4 
1.4 
1.4 
1.4 
ns 
Aperture Uncenainty 
(Jitter) 
+25°C V 
3 
3 
3 
3 
ps, rms 
Output Delay (100) 
+25°C I 
4.7 
6 
7.3 
4.7 
6 
7.3 
4.7 
6 
7.3 
4.7 
6 
7.3 
ns 
Output Rise Time 
+25°C I 
1.0 
1.6 
1.0 
1.6 
1.0 
1.6 
1.0 
1.6 
ns 
Output Fall Time 
+25°C I 
1.0 
1.6 
1.0 
1.6 
1.0 
1.6 
1.0 
1.6 
ns 
Output Time Skew 
+25°C I 
0.25 0.7 
0.25 0.7 
0.25 0.7 
0.25 0.7 
ns 
Data Ready 
Output Delay (tOR) 
+25°C I 
4.1 
5.4 
6.7 
4.1 
5.4 
6.7 
4.8 
6.1 
7.4 
4.8 
6.1 
7.4 
ns 
ENCODE 
INPUT 
Logic "I" 
Voltage 
Full 
IV 
-1.1 
-1.1 
-1.1 
-1.1 
V 


Logic "0" Voltage 
Full 
IV 
-1.5 
-1.5 
-1.5 
-1.5 
V 


Logic" I" Current 
Full 
VI 
125 
285 
125 
285 
125 
285 
125 
285 
..,.A 
Logic "0" Current 
Full 
VI 
100 
285 
100 
285 
100 
285 
100 
285 
..,.A 
Input Capacitance 
+25°C V 
3.6 
3.6 
3.6 
3.6 
pF 
Pulse Width (High)6 
+25°C I 
I 
1 
1 
1 
ns 


Pulse Width (Low)6 
+25°C I 
2 
2 
2 
2 
ns 


AD9028jEljZ 
AD9028KE1KZ 
AD9038jEljZ 
AD9038KE1KZ 
SElSZI883 
TEtrZ/883 
SElSZI883 
TEtrZl883 
Parameter 
(Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


DYNAMIC PERFORMANCE7 


Transient Response 
+25°C V 
3 
3 
3 
3 
ns 
Overvoltage Recovery Time 
+25°C V 
3 
3 
3 
3 
ns 


Effective Number of Bits (ENOB) 
Analog Input @ 9.3 MHz 
+25°C I 
7.0 
7.1 
7.2 
7.5 
7.0 
7.2 
7.2 
7.5 
Bits 
@49MHz 
+25°C I 
6.5 
7.0 
6.5 
7.0 
6.5 
7.0 
6.5 
7.0 
Bits 
@92MHz 
+25°C I 
5.4 
5.8 
5.4 
5.8 
5.4 
5.8 
5.4 
5.8 
Bits 


In-Band Harmonics 
Analog Input @ 9.3 MHz 
+25°C I 
48 
53 
54 
56 
48 
53 
54 
56 
dBc 


@49MHz 
+25°C I 
41 
48 
41 
48 
41 
48 
41 
48 
dBc 


@92MHz 
+25°C I 
36 
40 
36 
40 
36 
40 
36 
40 
dBc 
Signal-to-Noise Ratio· 
Analog Input @ 9.3 MHz 
+25°C I 
44 
45 
45.5 
47 
44 
45 
45.5 
47 
dB 


@49MHz 
+25°C I 
40 
43 
40 
43 
40 
43 
40 
43 
dB 


@92MHz 
+25°C I 
33 
36 
33 
36 
33 
36 
33 
36 
dB 
Signal-to-Noise Ratio· 


(without harmonics) 
Analog Input @ 9.3 MHz 
+25°C I 
45.5 
48 
45.5 
48 
45.5 
48 
45.5 
48 
dB 


@49MHz 
+25°C I 
43 
46 
43 
46 
43 
46 
43 
46 
dB 


@92MHz 
+25°C I 
38 
43 
38 
43 
38 
43 
38 
43 
dB 
Two-Tone Intermodulation 
+25°C I 
42 
49 
42 
49 
42 
49 
42 
49 
dB 
Distortion Rejection" 


DIGITAL OUTPUTS' 
Logic "1" Voltage 
Full 
VI 
-1.1 
-1.1 
-1.1 
-1.1 
V 
Logic "0" Voltage 
Full 
VI 
-1.5 
1.5 
-1.5 
1.5 
V 


POWER SUPPLY 
Analog Return 
+25°C V 
14.4 
14.4 
14.4 
14.4 
mA 
Negative Supply Current 
+25°C I 
390 
475 
390 
475 
430 
495 
430 
495 
mA 


(-Vs 
= -5.2 
V) 
Full 
VI 
515 
515 
550 
550 
mA 
Power Dissipation 
+25°C V 
2.0 
2.0 
2.2 
2.2 
W 
Ref. Ladder Dissipation 
+25°C V 
, 
100 
100 
100 
100 
mW 
Power Supply 
Rejection Ratio (PSRR) 
+25°C I 
1.2 
3 
1.2 
3 
1.2 
3 
1.2 
3 
mVN 


Rejection Ratio (PSRR) 
+25°C I 
1.2 
3 
1.2 
3 
1.2 
3 
1.2 
3 
mVN 
Rejection Ratio (PSRR) 
+25°C I 
1.2 
3 
1.2 
3 
1.2 
3 
1.2 
3 
mVN 


NOTES 
IAbsolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 
2Typical thermal impedances:68-pin leaded ceramic chip carrier 8JA=31OC/W, 9Jc=1.10CIWj 68-pin ceramic Lee 
8JA=36OCJW, 8Jc=2.6°CIW. 


:JMeasured with analog input = 0 V. 
·See definitions of specifications. 
'Outputs 
terminated through 100 n to -2.0 
V; CL <4 pF 


6ENCODE command rise/fall times should be less than 2.5 ns for normal operation. 
7Measured at 250 MSPS encode rate; analog return is tied to + 1 V de. (See text and diagrams.) 
8RMS signal to rms noise with analog input signal I dB below full scale at specified frequency. 
9Intermodulation measured with analog input frequencies of 60 MHz and 70 MHz at 7 dB below full scale. 
Specifications subject to change without notice. 


Te.t Level 
[ 
II 
100% production tested. 
100% production tested at +25°C, and sample tested 
at specified temperatures. 
Sample tested only. 
- 
Parameter is guaranteed by design and characterization 
testing. 
- 
Parameter is a typical value only. 


- 
All devices are 100% production tested at +2S·C. 
100% production tested at temperature extremes for 
extended temperature devices; sample tested at temp- 
erature extremes for commercial/industrial devices. 


Input Voltage 


Parameter 
Min 
Nominal 
Max 


-Vs 
-5.46 
-5.2 
-4.94 
+VREF 
-VREF 
0 
+0.1 
-VREF 
-2.1 
-2.0 
+VREF 
ANALOG INPUT 
-VREF 
+VREF 


ANALOG RETURN 
Analog In 
Analog In +2.0 V 


• 


OVERFLOW 
INHIBIT 


HYSTERESIS 


ANALOG 
RETURN 


-V. DIGITAL 


-V. ANALOG 


GROUND 


-V. 
DIGITAL 


-V. 
ANALOG 


GROUND 


Package 
Model 
Temperature 
Description 
Optionl 


AD9028]E 
o to +70'C 
68-Pin Ceramic LCC 
E-68A 
AD9028KE 
o to +70'C 
68-Pin Ceramic LCC 
E-68A 
AD9028]Z 
o to +70'C 
68-Pin Leaded Ceramic 
Z-68 
AD9028KZ 
o to +70'C 
68-Pin Leaded Ceramic 
Z-68 
AD9028SE/8832 
- 55'C to + 125'C 
68-Pin Ceramic LCC 
E-68A 
AD9028TEl8832 
-55'C 
to + 125'C 
68-Pin Ceramic LCC 
E-68A 
AD9028SZ/8832 
-55'C 
to + 125'C 
68-Pin Leaded Ceramic 
Z-68 
AD9028TZ/8832 
- 55'C to + 125'C 
68-Pin Leaded Ceramic 
Z-68 
AD9038]E 
o to +70'C 
68-Pin Ceramic LCC 
E-68A 
AD9038KE 
o to +70'C 
68-Pin Ceramic LCC 
E-68A 
AD9038]Z 
o to +70'C 
68-Pin Leaded Ceramic 
Z-68 
AD9038KZ 
o to +70'C 
68-Pin Leaded Ceramic 
Z-68 
AD9038SEl8832 
-55'C 
to + 125'C 
68-Pin Ceramic LCC 
E-68A 
AD9038TEl8832 
-55'C 
to + 125'C 
68-Pin Ceramic LCC 
E-68A 
AD9038SZ/8832 
-55'C 
to + 125'C 
68-Pin Leaded Ceramic 
Z-68 
AD9038TZ/8832 
-55'C 
to + 125'C 
68-Pin Leaded Ceramic 
Z-68 


NOTES 
IE = Ceramic Leadless Chip Carrier; Z = Ceramic Leaded Chip Carrier. For outline 
information see Package Information section. 
2For specifications, refer to Analog Devices Military Producu Databook. 
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MECHANICAL 
INFORMATION 
Die Dimensions 
178 x 148 x 15 (±2) mils 


Pad Dimensions 
4 x 4 mils 


Metalization 
Gold 


Backing 
None 


Substrate Potential 
- Vs 


Passivation 
Nitride 


Die Attach 
Gold Eutectic 


Bond Wire 
1.3 mil, Gold; Gold Ball Bonding 
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AD90281AD9038 Pin Designations 
(Note: Chip Cavity Opening Is On Bottom of Package.) 


AD9028/AD9038 
PIN DESCRIPTIONS 
Function 


Analog input is nominally between 0 and -2 Volts. 
Normally grounded; supplies current to input comparator circuits. Pins can be 
tied to postive potential (+ 2.0 V max), or buffered version of analog input to 
reduce capacitance and enhance dynamic performance. 
(See Applications.) 


Rising edge of signal can be used to externally latch DOA-D7 A' 
Rising edge of signal can be used to externally latch DOB-D7B• 
ECL digital data from Data Bank A. 
ECL digital data from Data Bank B. 
Differential ECL convert signals. 
All ground pins should be connected together. 


Normally grounded; hysteresis control pin. 
Normally connected to -V s. When grounded, 
lower order bits are inverted. 


Normally floating; midpoint of reference resistor ladder. Can be adjusted to 
minimize integral nonlinearity. 
Normally connected to -Vs. When grounded, 
MSB is inverted. 


ECL-compatible 
output indicating ANALOG IN > +VSENSE' 


ECL-compatible 
output indicating ANALOG IN > +VSENSE' 


Normally floating or ?ed to -Vs' 
When grounded, 
OVERFLOW 
A and Bare 


disabled; Do-D7 remain at ECL logic "1" when ANALOG IN> 
+VSENSE' 


Normally 0 V; sets voltage reference at top of ladder. 
Normally -2 V; sets voltage reference at bottom of ladder. 
-5.2 
Volts; analog supply voltage. 
-5.2 
Volts; digital supply voltage. 
Voltage sense line to most positive comparator reference input. 
Voltage sense line to most negative comparator reference input. 


Pin No. 
I 
6,66 
ANALOG INPUT 
ANALOG RETURN 


36 
35 
44-51 
20-27 
59,60 
3, 17, 18,29,30,33, 
38,41, 
42, 52, 53, 63 
8 
10 
67 


DATA READY A 
DATA READY B 
D7A-DoA 
D7B-DoB 
ENCODE, 
ENCODE 
GROUND 


HYSTERESIS 
LSBs INVERT 
MIDSCALE 
VREF 


MSBINVERT 
OVERFLOW 
A 
OVERFLOW 
B 
OVERFLOW 
INHIBIT 


13 
57 
4,32,40,64 
5, 16,31,39, 
54, 65 
14 
56 


+VREF 
-VREF 
-VsANALOG 
-Vs 
DIGITAL 
+VSENSE 
-VSENSE 
• 


Analog Bandwidth 
The analog input frequency at which the spectral power of the 
fundamental frequency (as determined by FFT analysis) is 
reduced by 3 dB. 


Aperture 
Delay 
The delay between the rising edge of the ENCODE command 
and the instant at which the analog input is sampled. 


Aperture 
Uncertainty 
(Jitter) 
The sample-to-sample 
variation in aperture delay. 


Data Ready Output Delay 
The delay between the 50% point of the falling edge of the 
ENCODE 
command and the 50% point of the rising edge of 
DATA READY A or DATA READY B. 


Differential 
Nonlinearity 
The deviation of any code from an ideal 1 LSB step. 


Effective Number 
of Bits (ENOB) 
ENOB is a measure of ac linearity and is calculated from a sine 
wave curve fit according to the following expression: 


ENOB = N - LOG2 
[ rms error (actual)/rms error (ideal) ] 


N is the resolution (number of bits) of the converter. The 
actual rms error is the deviation from an ideal sine wave, 
calculated from the converter outputs with a sine wave 
input. 


In-Band Harmonics 
The rms value of the fundamental 
divided by the rms value of 
the worst harmonic. 


Integral Nonlinearity 
The deviation of the transfer function from a reference line mea- 
sured in fractions of I LSB using a "best straight line" deter- 
mined by a least square curve fit. 


Maximum Conversion 
Rate 
The encode rate at which the SNR of the lowest analog signal 
frequency tested drops by no more than 3 dB below the guaran- 
teed limit. 


Output Delay 
The delay between the 50% point of the rising edge of the 
ENCODE 
command and the 50% point of output data. 


Output Time Skew 
Bit-to-bit time variations among DO to D7 outputs. 
In 
the AD9028 and AD9038 specifications, time skew includes 
HIGH-to-LOW 
and LOW-to-HIGH 
transitions of the digital 
output bits. 


Overvoltage 
Recovery Time 
The amount of time required for the converter to recover to 
8-bit accuracy after an analog input signal 150% of full scale is 
reduced to the full scale (0 to - 2 V) range of the converter. 


Power Supply Rejection 
Ratio 
The ratio of a change in input offset voltage to a change in 
power supply voltage. In the AD9028 and AD9038 units, -V s 
(-5.2 
V) is within ±5% of its nominal value for this test. 


Reference 
Ladder 
Offset 
The deviation between the top (or bottom) comparator transition 
voltage as measured at the analog input, and the voltage at the 
+VREF 
(or -VREF) 
pin. This is valuable in determining the 
accuracy and adjustment range for ±VREF sources. 


Signal-to-Noise 
Ratio (SNR) 
The ratio of the rms signal amplitude to the rms value of 
"noise," 
which is defined as the sum of all other spectral com- 
ponents, including harmonics but excluding dc, with an analog 
input signal I dB below full scale. 


Transient 
Response 
The time required for the converter to achieve 8-bit accuracy 
when a step function is applied to the analog input. 


Two-Tone 
Intermodulation 
Distortion 
(IMD) Rejection 
The ratio of the power of either of two input signals to the 
power of the strongest third-order 
IMD signal. 


THEORY 
OF OPERATION 
Refer to the AD9038 Block Diagram. Both units use a "flash," 
or parallel, ND architecture. 
The analog input voltage range is 
determined 
by an external voltage reference (+ VREF and 
-VREF), 
nominally 0 to -2 V. An internal resistor ladder 
divides this reference into 255 levels, each representing a single 
quantization 
level. 


The ND conversion, triggered by the ENCODE 
signal, is per- 
formed by 255 comparators. 
The output of the comparators 
indicates the appropriate quantization level of the analog input 
signal. The decoding logic processes the comparator outputs and 
provides an 8-bit code to the output stage. 


Flash architecture 
has an advantage over other ND architectures 
because the conversion occurs in one step, and the performance 
of the converter is limited primarily by the speed and matching 
of the individual comparators. 
A state-of-the-art 
bipolar process 
and careful comparator design give the AD9028/AD9038 
excel- 
lent ac performance. 
A proprietary decoding scheme minimizes 
error codes, and control pins allow the user to select among 
Binary, Inverted Binary, Twos Complement and Inverted Twos 
Complement coding. 


APPLICATIONS 
Voltage References 
The AD9028/AD9038 
requires that the user provide two voltage 
references: + VREF and - VREF' 
as shown in Figure I. These 
two voltages are applied across an internal resistor ladder (nomi- 
nally 40 0) and set the analog input voltage tange of the con- 
verter. Each voltage reference should be driven from a stable, 
low impedance source. The reference connections should be 
capacitively coupled to ground to bypass noise. 


Applying a voltage greater than 2.1 V across the internal resistor 
ladder will cause current densities to exceed rated values, and 
may cause permanent damage to the AD9028/AD9038. 
The 
design of the reference circuit should limit the voltage available 
to the references. 


Resistance between the reference connections and the taps of the 
first and last comparators causes offset errors. These errors, 
called "top and bottom of the ladder offsets," can be nulled by 
using the voltage sense lines, + VSENSE 
and - VSENSE' 
to adjust 
the reference voltages. Current through the sense lines should be 
limited to 100 IJ.A. 


The voltage at the midpoint of the resistor ladder, MIDSCALE 
VREF, can be adjusted to improve the integtallinearity 
of indi- 
vidual devices. 


A suggested application in Figure 4 shows a reference circuit 


which nulls out the offset errors using two op amps. Feedback 
from the sense lines causes the op amps to compensate for the 
offset errors. The two transistors limit the amount of current 
drawn directly from the op amp; resistors at the base and emit- 
ter stabilize their operation. 
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Analog Input Signal 
The analog input circuit of the AD9028/AD9038 
consists of 255 
comparator inputs and can be represented by a single transistor 
as shown in Figure 2. 


Typically, the ANALOG INPUT has an input resistance of 
100 kO. Input capacitance is characterized in Figure 3. 


With ANALOG RETURN 
(collector of the input transistor) 


connected to ground, collector base capacitance causes the ana- 
log input capacitance to be dependent on the analog input volt- 
age. This 
varying 
capacitance 
is typical 
of flash 
converters, 
and 
requires that the ANALOG INPUT be driven from a low 
impedance source. This source must be capable of driving a 
capacitive load to avoid distorting the analog input signal at high 


frequencies. In applications where the analog source cannot ade- 
quately drive the input capacitance, harmonic distortion will 
increase; the effect will be greatest on the second harmonic. 
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AC performance of the AD9028/AD9038 can be improved by 
connecting the ANALOG RETURN 
to a dc voltage berween 
ground and + 1.5 V. This reduces the analog input capacitance 
and lessens its dependence on the analog input voltage (see 
Figure 3). 


The circuits shown in Figure 2 and Figure 4 show the ANA- 
LOG RETURN 
driven by a buffered version of the signal pre- 
sented to the ANALOG INPUT. 
The dc level of this signal is 
I V higher than the analog input, and thus reduces the analog 
input capacitance as described above. In addition, the signal 
cancels the ac voltage berween the ANALOG RETURN 
and 
ANALOG INPUT connections, which minimizes the collector- 
base component of the analog input capacitance. The analog 
input capacitance characteristics under this condition are also 
shown in Figure 3. 


In any of the configurations described above, the user should 
drive the analog signal from a low distortion, 
low noise ampli- 
fier. A good choice is the AD96 II , a wide bandwidth opera- 
tional amplifier with excellent ac performance. 


Selection of the buffer is also important for applications in 
which the analog input signal is applied to the ANALOG 
RETURN. 
The gain of the buffer should be set as close to I as 
possible, and the buffer should have a low phase shift at the fre- 
quencies of interest. It must also be able to supply the current 
required, typically 14 mA. 


Harmonic distortion at the ANALOG RETURN 
is not as criti- 
cal as that at the ANALOG INPUT, 
but should remain less 
than 40 dB (out to 100 MHz) to maximize converter perfor- 
mance. The input impedance at this node is approximately 
6.5 kO in parallel with 25 pF. Monolithic wideband operational 
amplifiers and closed loop buffers should be suitable for driving 
this input. 
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the AID conversion by latching the comparators. 
The falling 
edge of the ENCODE 
signal returns the comparators to track 
mode and triggers the Data Ready signal. 


ENCODE and ENCODE 
are ECL compatible and should be 
driven differentially. Jitter on the ENCODE 
signal will raise the 
noise floor of the converter. Differential signals, with fast clean 
edges, will reduce the jitter in the signal and allow optimum ac 
performance. 
In applications with a fixed, high frequency 


The AD9028 is designed to operate with a 50% duty cycle 
ENCODE 
signal; adjustment of the duty cycle may improve the 
dynamic performance of individual devices. Since the ENCODE 
signal is driven differentially, the logic levels are not critical. 
Users should remember, 
however, that reduced logic levels will 
reduce the slew rate of the edges, and effectively increase the 
jitter of the signal. ECL terminations for the ENCODE 
and 
ENCODE 
signals should be as close as possible to the AD9028 
package to avoid reflections. 
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FOR 
N-l 
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\ 
\~-- 


IA 
- 
APERTURE 
DELAY 


100 
- 
OUTPUT 
DELAY 
tPD 
- 
PIPELINE 
DELAY 


tOR 
- 
DATA 
Rt:AO't 
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DELAY 


Output data of the AD9028, DOA-D7A 
and OVERFLOW 
A, as 
well as the data ready signals, are also ECL compatible, and 
should be terminated through 100 n to -2 V (or an equivalent 
load). The output data can be latched on the rising edge of the 
DATA READY A output. For the AD9028, the DATA READY 
B output is simply the complement of DATA READY A. 


Timing for the AD9038 is similar to the AD9028, except at the 
output, where the data is demultiplexed to rwo separate ports. 
Successive data samples alternate between the rwo ports, reduc- 
ing the output data rate at either port to one-half the encode 
rate. Data at port A (DOA-D7A 
and OVERFLOW 
A) can be 
latched externally using the rising edge of DATA READY A. 
The rising edge of DATA READY B can be used to latch the 
data at port B (D08-D78 
and OVERFLOW 
B). 


The data ready outputs for both the AD9028 and AD9038 are 
designed to track timing shifts over temperature. 


Data Format 
The format of the output data is controlled by the MSB 
INVERT and LSBs INVERT 
pins. These inputs are de control 
inputs and should be connected to GROUND 
or -V s. The 
AD9028/AD9038 Truth Table gives information to choose 
among Binary, Inverted Binary, Twos Complement and 
Inverted Twos Complement coding. 


The OVERFLOW 
INHIBIT 
pin controls how the converter 
handles overflow situations (ANALOG INPUT> 
+ VSENSE)' 


For normal operation, the OVERFLOW 
INHIBIT 
is connected 
to -Vs, and the output data bits (DOA-D7A 
or D08-D78) 
will be 
at a logic LOW when ANALOG INPUT> 
+VSENSE(return to 
zero operation). The overflow bit (OVERFLOW 
A or OVER- 
FLOW B) will indicate this condition with a logic HIGH. When 
the ANALOG INPUT is in range « 
+VSENSE)' the overflow 
bit will remain at logic LOW. 


If the OVERFLOW 
INHIBIT 
pin is connected to ground, the 
overflow bit will be disabled, and the output data will remain at 
logic high for overflow conditions. The overflow bits are not 
affected by the bit invert control pins (MSB INVERT and LSBs 
INVERT). 


Layout and Power Supplies 
Proper layout of high speed circuits is always critical, but is par- 
ticularly important when both analog and digital signals are 
involved. 


Analog signal paths should be kept as short as possible and be 
properly terminated to avoid reflections. The analog input volt- 
age and the voltage references should be kept away from digital 
signal paths; this reduces the amount of digital switching noise 
that is capacitively coupled into the analog section of the circuit. 
• 


Digital signal paths should also be kept short, and run lengths 
matched to avoid propagation delay mismatch. Proper ECL ter- 
minations should be located near the packages of successive 
gates. 


In high speed circuits, layout of the ground circuit is the most 
important factor. A single, low impedance ground plane, on the 
component side of the board, will reduce noise on the circuit 
ground. 


Power supplies should be capacitively coupled to the ground 
plane to reduce noise in the circuit. Multilayer boards allow 
designers to layout 
signal traces without interrupting 
the 
ground plane. 


It is especially important to maintain the continuity of the 
ground plane under and around the AD9028/AD9038. 
If the 
system design separates the digital and analog grounds, analog 
ground is the preferred ground point for the AID section of the 
system. 


The tops of the AD9028/ AD9038 packages are internally con- 
nected to the device substrates, and electrically connected to 
- Vs. The top of the package is designed to serve as a heat sink; 
the bottom of the package is not internally connected. 


Sockets limit the dynamic performance and should be used only 
for prototypes or evaluation. 


AD90281AD9038 
Harmonics 
vs. Input 
Frequency 
with 
Analog 
Return 
Driven 
AD90281AD9038 
Harmonics 
vs. Input 
Frequency 
with 
Analog 
Return 
Grounded 
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~ 
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GROUNO~ 
K-DIGITAL 
BITS 


: 
AND 
OVERFLOW 


I 


Offset Binary 
Twos Complement 


Ovrfl. 
Step 
Range 
Inh. 
True 
Inverted 
True 
Inverted 


0= 
-2 V 
MSB INV. = "0" 
MSB INV. = "I" 
MSB INV. = "I" 
MSB INV. = "0" 


FS = 0 V 
LSBs INV. = "0" 
LSBs INV. = "I" 
LSBs INV. = "0" 
LSBs INV. = "I" 


256 
;"0.000 
"0" 
(1)00000000 
(1)11111111 
(1)10000000 
(1)01111111 
256 
;"0.000 
"1" 
(0)11111111 
(0)00000000 
(0)01111111 
(0)10000000 
255 
-0.008 
x 
11111111 
00000000 
01111111 
10000000 
254 
-0.016 
x 
11111110 
00000001 
01111110 
10000001 


129 
-0.992 
x 
10000000 
01111111 
00000000 
11111111 
128 
-1.000 
x 
01111111 
10000000 
11111111 
00000000 
127 
-1.008 
x 
01111110 
10000001 
11111110 
00000001 


02 
-1.992 
x 
00000010 
11111101 
10000010 
01111101 
01 
-2.000 
x 
00000001 
11111110 
10000001 
01111110 
00 
<-2.000 
x 
00000000 
11111111 
10000000 
01111111 
• 


The overflow bit is always 0 except where noted in parentheses ( ). MSB INVERT, 
LSBs INVERT, 
and OVERFLOW 
INHIBIT 
are considered dc controls. 
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FEATURES 
25 MSPS (AD9032), 20 MSPS (AD9034) 
Conversion Speeds 
On-Board T/H, References, Timing 
Low Power: 5 W 
Single 4O-Pin Package 
70 dB Spurious-Free Dynamic Range 
to 10 MHz 
Bipolar Input: ±1.024 V 


APPLICATIONS 
Radar 
Signal Intelligence 
Digital Spectrum Analyzers 
Medical Imaging 
Electro-Optics 


GENERAL DESCRIPTION 
The AD9032 is the world's 
fastest (25 MSPS 


12-Bit, 25/20 MSPS 
AID Converters 


AD90321AD9034 
I 
• 


This information 
applies to a product 
under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 
Analog 
Devices assumes no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 


tLt" Iltl"& 
""AM" 1tltl., ••"., (+Vs = +5 V; -Vs = -5.2 
V; Encode = 25.6 MSPS, unless otherwise noted) 


Test 
AD9032AD/AZ 
AD9032BDIBZ 
AD9032TDITZ 
Parameter (Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
12 
12 
12 
Bits 


DC ACCURACY 
Differential Nonlinearity 
+25"C 
I 
1.0 
0.5 
0.7 
0.5 
0.7 
LSB 
Full 
VI 
1.0 
1.0 
1.0 
LSB 
Integral Nonlinearity 
+25"C 
I 
0.7 
0.7 
0.7 
LSB 
Full 
VI 
1.0 
1.0 
1.0 
LSB 


No Missing Codes 
Full 
VI 
Guaranteed 
Guaranteed 
Guaranteed 
Offset Error 
+25"C 
I 
5 
10 
5 
10 
5 
10 
LSB 
Full 
VI 
25 
25 
50 
LSB 
Gain Error 
+25"C 
I 
±0.5 
±1.0 
±0.5 
±1.0 
±0.5 
±1.0 
LSB 
Full 
VI 
±2.0 
±2.0 
±2.0 
LSB 


ANALOG INPUT 
Input Voltage Range 
+25"C 
I 
±1.024 
±1.024 
± 1.024 
V 
Input Bias Current' 
+25"C 
I 
100 
100 
~ 
Full 
VI 
200 
200 
~ 
Input Resistance 
+25"C 
VI 
350 
350 
k!1 
Input Capacitance 
+25"C 
III 
2 
10 
2 
10 
pF 
Analog Bandwidth 
+25"C 
III 
150 
150 
MHz 


SWITCHING PERFORMANCE 
Conversion Rate 
Full 
26 
MSPS 
Aperture Delay (tA) 
Full 
4 
7 
ns 
Aperture Uncertainty (Jitter) 
Full 
5 
10 
ps, nns 
Output Delay (toD) 
Full 
16 
20 
24 
ns 
Data Ready Delay 
Full 
24 
28 
32 
ns 
Output Time Skew 
Full 
1 
2 
ns 


ENCODE INPUT 
Logic "I" Voltage 
Full 
-1.1 
V 
Logic "0" Voltage 
Full 
-1.5 
-1.5 
V 
Logic "1" Current 
Full 
300 
150 
300 
~ 
Logic "0" Current 
Full 
300 
150 
300 
~ 
Input Capacitance 
+25"C 
5 
pF 
Pulse Width (High) 
+25"C 
10 
10 
10 
ns 
Pulse Width (Low) 
+25"C 
10 
10 
10 
ns 


DYNAMIC PERFORMANCE 
Transient Response 
+25"C 
IV 
TBD 
40 
TBD 
40 
TBD 
40 
ns 
Overvoltage Recovery Time 
+25"C 
IV 
TBD 
70 
TBD 
70 
TBD 
70 
ns 
Harmonic Distortion 
Analog Input @ 1.2 MHz 
+25"C 
I 
TBD 
80 
TBD 
80 
TBD 
80 
dBc 
@ 1.2 MHz 
Full 
VI 
TBD 
TBD 
TBD 
dBc 


@4.3MHz 
+25"C 
V 
76 
76 
76 
dBc 
@9.6MHz 
+25"C 
I 
TBD 
74 
TBD 
74 
TBD 
74 
dBc 


@9.6MHz 
Full 
VI 
TBD 
TBD 
TBD 
dBc 


Signal-to-Noise Ratio3 
Analog Input @ 512 kHz 
+25"C 
I 
66 
68 
66 
68 
66 
68 
dB 


@512kHz 
Full 
VI 
65 
65 
64 
dB 


@4.3MHz 
+25"C 
V 
TBD 
TBD 
TBD 
dB 


@9.6MHz 
+25"C 
I 
64 
TBD 
64 
TBD 
64 
TBD 
dBc 


@9.6MHz 
Full 
VI 
63 
63 
62 
dBc 
Two-Tone Intennodulation 
+25"C 
V 
74 
77 
77 
dBc 


Distortion Rejection' 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed 
to in writing. 


Test 
AD9032AD/AZ 
AD9032BDIBZ 
AD9032TDITZ 
Parameter (Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


DIGITAL OUTPUTS2 
Logic "I" Voltsge 
Full 
VI 
-1.1 
-1.1 
-1.1 
V 


Logic "0" Voltage 
Full 
VI 
-1.5 
-1.5 
-1.5 
V 


Output Coding 
2s Complement 
2s Complement 
2s Complement 


POWER SUPPLY 
+Vs Supply Voltage 
Full 
VI 
4.75 
5.0 
5.25 
4.75 
5.0 
5.25 
4.75 
5.0 
5.25 
mA 
+Vs Supply Analog Current 
Full 
VI 
250 
285 
250 
285 
250 
285 
mA 
-Vs Supply Voltage 
Full 
VI 
-5.45 
-5.2 
-4.95 
-5.45 
-5.2 
-4.95 
-5.45 
-5.2 
-4.95 
mA 
- Vs Supply Analog Current 
Full 
VI 
500 
525 
500 
525 
500 
525 
mA 
- Vs Supply Digital Current 
Full 
VI 
310 
330 
310 
330 
310 
330 
mA 
Power Dissipation 
Full 
VI 
5.4 
~ 
5.4 
6 
5.4 
6 
W 


Power Supply 
Rejection Ratio (PSRR)' 
Full 
VI 
2.5 
5.0 
2.5 
5.0 
2.5 
5.0 
mVN II 


ABSOLUTE 
MAXIMUM 
RATINGS' 
+Vs 
. 
-Vs 
. 


Analog Input 
•. 
. 
• 
. -V 
to + ~Ii 
Digital Inputs 
. . . . 
0 0 V 
Digital Output Current 
. . . . . .. 
. •. 20 mA 
Operating Temperature 
Range 
AD9032ADIBD/AZlBZ 
. . . . . . . . . . . .. 
- 
S"C to +< 
0(3 


AD9032TDITZ 
-55°C to + I 
C 
Maximum Junction Temperature2 
•••••••••••••• 
+175"C 


Lead Temperature 
(Soldering, 
10 seconds) 
+3OO°C 
Storage Temperature 
Range 
-65°C to + 150°C 


NOTES 


IAbsolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 
'Typical thenna1 impedances: Be.<= 12"CIW; 
TrTc 
= 10"<: 
max (worst case 
die junction temperature rise). 


v 
00% production 
tested. 


1 
~ production 
tested at + 25°C, and sample tested at 
s 
. 
temperatures. 
AC testing done on sample basis. 


Sample tested only. 
Parameter is guaranteed by design and characterization 
testing. 
Parameter is a typical value only. 
All devices are 100% production 
tested at + 25°C. 100% 


production tested at temperature 
extremes for extended 
temperature 
devices; sample tested at temperature 
extremes for commercial/industrial 
devices. 


Temperature 
Package 
Model 
Range 
Description 
Option' 


AD9032AD 
- 25°C to + 85°C 
4O-Pin Ceramic DIP, Industrial Temperature 
D-40 
AD9032AZ2 
- 25°C to + 85°C 
4O-Pin Leaded Flatpack, Industrial Temperature 
Z-40 
AD9032BD 
- 25°C to + 85°C 
4O-Pin Ceramic DIP, Industrial Temperature 
D-40 
AD9032BZ2 
-25°C to +85°C 
4O-Pin Leaded Flatpack, Industrial Temperature 
Z-40 
AD9032TD 
-55°C to +125°C 
4O-Pin Ceramic DIP, Military Temperature 
D-40 
AD9032TZ2 
-55°C to + 125°C 
4O-Pin Leaded Flatpack, Military Temperature 
Z-40 


NOTES 
10 = Ceramic DIP; Z = Ceramic Leaded Chip Carrier. For outline information see Package Information section. 
'Surface mount leaded packages are tested and shipped with unformed leads. Consult the factory for price and 
availability of packages with formed leads. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


This information 
applies to a product 
under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 
Analog Devices assumes no obligation 
regarding 
future manufacture 
unless otherwise 
agreed to in writing. 
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FEATURES 
40 MSPS 
Conversion 
Speed 
Low 
Power: 
< 1 W 
On-Board 
T/H 
2 V p-p 
Analog 
Input 
Fully Characterized 
Dynamic 
Performance 


APPLICATIONS 
Medical 
Imaging 
Digital 
Oscilloscopes 
Professional 
Video 
Communications 
Advanced 
Television 
(MUSE 
Decoders) 


GENERAL DESCRIPTION 
The AD9040 is a complete IO-bit sampling analog-to-digital con- 
verter (ADC) with on-board track-and-hold. 
The unit is de- 


signed for low cost, high performance applications and requir 
only an encode signal to achieve 40 MSPS sample rates 
. 


IO-bit resolution. 


Digital inputs and outputs are TTLICMOS 
analog input requires a signal of 2 V 
driven differentially. 
The two-ste 
AD9040 is optimized to provide th 
available while maintaining low pow 


1O-Bit, 40 MSPS 
AID Converter 


AD9040 
I 
• 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


leSt 
1'\J.J~U'tUJ1"l/Jr 
1'\J.J~lMUl'l't/l'.r 
tU..JYlMU 
.1 £1 
.1 \l 


Parameter 
(Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
10 
10 
10 
Bits 


DC ACCURACY 
Differential 
Nonlinearity 
+25°C 
I 
TBD 
TBD 
0.5 
1.0 
0.5 
1.0 
LSB 


Full 
VI 
TBD 
1.0 
1.0 
LSB 


Integral 
Nonlinearity 
+25°C 
I 
TBD 
TBD 
0.5 
1.0 
0.5 
1.0 
LSB 


Full 
VI 
TBD 
1.0 
1.0 
LSB 


No Missing 
Codes 
Full 
VI 
Guaranteed 
Guaranteed 


Gain Error 
+25°C 
I 
TBD 
TBD 
TBD 
TBD 
TBD 
TBD 
% FS 


Full 
VI 
TBD 
TBD 
TBD 
%FS 


Gain Tempco 
Full 
V 
TBD 
TBD 
TBD 
ppm/"C 


ANALOG 
INPUT 
Input 
Voltage Range 
+25°C 
V 
2 
2 
V p-p 


Input 
Offset Voltage 
+25°C 
I 
20 
mV 
Full 
VI 
40 
mV 


Input 
Bias Current 
+25°C 
I 
1.0 
jJ.A 


Full 
VI 
2.0 
jJ.A 


Input 
Resistance 
+25°C 
III 
100 
kl1 
Input 
Capacitance 
+25°C 
III 
10 
pF 
Analog Bandwidth 
+25°C 
III 
SO 
MHz 


BANDGAP 
REFERENCE 
Output 
Voltage 
TBD 
1.2 
TBD 
V 
TBD 
TBD 
V 
Temperature 
Coefficient 
TBD 
ppmI"C 


SWITCHING 
PERFORMANCE 
Conversion 
Rate 
40 
MSPS 
Aperture 
Delay (tA) 
5 
ns 
Aperture 
Uncertainty 
(Jitter) 
5 
ps rms 
Output 
Delay (tODl' 
TBD 
TBD 
TBD 
4 
TBD 
ns 
TBD 
TBD 
TBD 
TBD 
ns 
Output 
Time 
Skew' 
IV 
2 
2 
ns 


DYNAMIC 
PERFORMANCE 
Transient 
Response 
+25°C 
V 
TBD 
TBD 
TBD 
ns 
Overvoltage 
Recovery 
Time 
+25°C 
V 
TBD 
TBD 
TBD 
ns 
Effective 
Number 
of Bits (ENOB) 


fiN = 2.3 MHz 
+25°C 
9.0 
9.0 
9.0 
Bits 
fIN = 10.3 MHz 
+25°C 
9.0 
9.0 
9.0 
Bits 
Signal-to-Noise 
Ratio' 


fiN = 2.3 MHz 
+25°C 
56 
58 
56 
58 
56 
58 
dB 
fIN = 10.3 MHz 
+25°C 
56 
58 
56 
58 
56 
58 
dB 
Signal-to-Noise 
Ratio' 
(without 
harmonics) 
fIN = 2.3 MHz 
+25°C 
56 
58 
56 
58 
56 
58 
dB 
fiN = 10.3 MHz 
+25OC 
56 
58 
56 
58 
56 
58 
dB 
2nd Harmonic 
Distortion 
fiN = 2.3 MHz 
+25°C 
70 
70 
70 
dBc 
fiN = 10.3 MHz 
+25°C 
62 
62 
62 
dBc 
3rd Harmonic 
Distortion 
fiN = 2.3 MHz 
+25°C 
I 
70 
70 
70 
dBc 
fiN = 10.3 MHz 
+25°C 
I 
62 
62 
62 
dBc 
Two-Tone 
Intermodulation 
+25°C 
V 
dBc 
Distortion 
Rejection' 
TBD 
TBD 
TBD 
Differential 
Phase 
+25°C 
III 
0.5 
0.5 
0.5 
Degree 
Differential 
Gain 
+25°C 
III 
I 
I 
I 
% 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless 
otherwise 
agreed 
to in writing. 
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Test 
AD9040JN/JP 
AD9040KNIKP 
AD9040TEITQ 
Parameter (Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


ENCODE INPUT 
Logic "I" Voltage 
Full 
VI 
2.0 
2.0 
2.0 
V 


Logic "0" Voltage 
Full 
VI 
0.8 
0.8 
0.8 
V 


Logic" I" Current 
Full 
VI 
10 
10 
10 
fJ-A 


Logic 
1'0" Current 
Full 
VI 
10 
10 
10 
fJ-A 
Input Capacitance 
+25°C 
V 
5 
5 
5 
pF 
Encode Pulse Width (High) (tEH)' 
+25°C 
IV 
TBD 
TBD 
TBD 
ns 


Encode Pulse Width (Low) (tES 
+25°C 
IV 
TBD 
TBD 
TBD 
ns 


DIGITAL OUTPUTS 


Logic "1" Voltage (IOH = 2 mAl 
Full 
VI 
2.4 
2.4 
2.4 
V 


Logic "0" Voltage (IOL = 10 mAl 
Full 
VI 
0.4 
0.4 
0.4 
V 


POWER SUPPLY 
VDO Supply Current 
Full 
VI 
TBD 
TBD 
TBD 
mA 
Vcc Supply Current 
Full 
VI 
TBD 
TBD 
TBD 
mA 
Vss Supply Current 
Full 
VI 
TBD 
TBD 
TBD 
mA 
VEESupply Current 
Full 
VI 
TBD 
TBD 
TBD 
mA 


Power Dissipation 
Full 
VI 
0.9 
L~ 


O.~ 
1.2 
0.9 
1.2 
W 


Power Supply 
Rejection Ratio (PSRR)' 
+25°C 
I 
T~D 
1BD'~ 
TBD 
TBD 
TBD 
TBD 
mVN• 


ABSOLUTE 
MAXIMUM 
RATINGS' 


+Vs (VDD and Vccl 
. 
-Vs 
(Vss and VEE) . . . . . . . . . . . . . . 
. .... 
-'I V 


Analog In 
-Vs 
to +Vs 


Digital Inputs 
0 V to + Vs 


Digital Output Current 
. . 
20 mA 
Operating Temperature 
AD9040JN/JP/KN/KP 
O°Cto + 70°C 
AD9040TEITQ 
- 55°C to + 125°C 


Storage Temperature 
-65°C to + 150°C 


Maximum Junction Temperature2 
+ 175°C 
Lead Soldering Temp (10 sec) 
+300°C 


NOTES 
'Absolute 
maximum 
ratings 
3fe limiting 
values 
to be applied 
individually, 
and 


beyond 
which 
the serviceability 
of the circuit 
may 
be impaired. 
Functional 


operability 
is not necessarily 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for an extended 
period 
of time may affect device 
reliability. 


'Typical 
thennal 
impedances: 
"N" 
Package (Plastic DIP): 
DJC = row; 


DJA = 4ZOOW; 
"P" 
Package (PLCC): D)c = to°OW; 
DJA = 48°OW; 
"E" 


Package (Ceramic LCC): D)c = 23°CIW; DlA = 69°OW; "Q" Package (Ce- 
ramic DIP): DJC = 2SoOW; DJA = 7S'OW. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


-"ANALOG 
WDEVICES 
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FEATURES 
35MSPS 
Encode 
Rate 
16pF Input 
Capacitance 
550mW 
Power 
Dissipation 
Industry-Standard 
Pinouts 
MIL·STD·883 
Compliant 
Versions 
Available 


APPLICATIONS 
Professional 
Video 
Systems 
Special 
Effects 
Generators 
Electro-Optics 
Digital 
Radio 
Electronic 
Warfare 
(ECM. 
ECCM. 
ESM) 


GENERAL DESCRIPTION 
The AD9048 is an 8-bit, 35MSPS flash converter, 
made on a 
high speed bipolar process, which is an alternate source for the 
TDCI048 
unit but offers enhancements 
over its predecessor. 
Lower power dissipation makes the AD9048 attractive for a 
variety of system designs. 


Because of its wide bandwidth, 
it is an ideal choice for real-time 


conversion of video signals. Input bandwidth is flat with no 
missing codes. 


Clocked latching comparators, 
encoding logic and output buffer 
registers operating at minimum rates of 35MSPS preclude a 
need for a sample-and-hold 
(S/H) or track-and-hold 
(T/H) in 
most system designs using the AD9048. All digital control inputs 
and outputs are TTL compatible. 


Devices operating over two ambient temperature 
ranges and 
with two grades of linearity are available. Linearities of either 
O.5LSB or O.75LSB can be ordered for a commercial range of 0 
to + 70°C, or extended case temperatures 
of - 55°C to + 125°C. 


Commercial versions are packaged in 28-pin DIPs; extended 
temperature 
versions are available in ceramic DIP and ceramic 
LCC packages. Both commercial units and MIL-STD-883 
units 
are standard products. 


The AD9048 AID converter is available in versions compliant 
with MIL-STD-883. 
Refer to the Analog Devices Military Products 
Databook 
or current AD9048/883B data sheet for detailed 


specifications. 


Monolithic 8-Bit 
Video AID Converter 


AD9048 
I• 


AGND to DGND 
-O.SY dc to +O.SY dc 
YEE to AGND . . 
+O.SY dc to -7.0Y 
dc 
YIN, YRT or YRBto AGND 
..... 
+O.SY to YEE 
YRTtoYRB 
-2.2Ydcto+2.2Ydc 
CONY, NMINY or NLINY 
to DGND. 
-O.SYdcto 
+S.SYdc 
Applied Output Voltage to DGND. 
-O.SY dc to + S.SY dc2 


Applied Output Current, 
Externally Forced 


................... 
-l.0rnA 
to + 6.0rnA3, • 


Operating Temperature 
Range (Ambient) 


AD9048JN/KN/JJ/KJ/JQ/KQ 
AD9048SElSQITElTQ 
. . . . . . . . 
Maximum Junction Temperature 
(Plastic) 


Maximum Junction Temperature 
(Hermetic) 
Lead Temperature 
(Soldering, 
10sec) 
Storage Temperature 
Range . . . . . . . . . 


o to +70°C 
- 55°C to + 125°C 
+ lSO°C6 


. . . . . + 17So~ 
+ 300°C 
-65°C 
to + 150°C 


AD9048JNID/JQ 
AD9048KNIKJIKQ 
AD9048SEISQ 
AD9048TEITQ 


Teal 
Puameler 
(CoDditiolll) 
Temp 
Level 
MiD 
1)p 
Max 
MiD 
1)p 
Max 
MiD 
1)p 
Max 
MiD 
1)p 
Max 
Uaitl 


RESOLUTION 
8 
8 
8 
8 
Bits 


OCACCURACY 
Differential 
Nonlinearity 
+25'C 
I 
0.4 
0.75 
0.3 
0.5 
0.4 
0.75 
0.3 
0.5 
LSB 
Full 
VI 
1.0 
0.75 
1.0 
0.75 
LSB 
IotcgralNonlinearity 
+25'C 
I 
0.6 
0.75 
0.4 
0.5 
0.6 
0.75 
0.4 
0.5 
LSB 
Full 
VI 
1.0 
0.75 
1.0 
0.75 
LSB 
No Missing 
Codes 
Full 
VI 
GUARANTEED 
GUARANTEED 
GUARANTEED 
GUARANTEED 


INITIAL 
OFFSET 
ERROR 
TopofRelerence 
Ladder 
+25'C 
I 
5 
12 
5 
12 
5 
12 
5 
12 
mV 
Full 
VI 
12 
12 
12 
12 
mV 
BouomofRelerence 
Ladder 
+25'C 
I 
4 
8 
4 
8 
4 
8 
4 
8 
mV 
Full 
VI 
8 
8 
8 
8 
mV 
Offset Drift Coefficient 
Full 
V 
20 
20 
20 
20 
,..VI"(: 


ANALOG 
INPUT 
Ioput 
Voltage Range 
Full 
V 
-2.1; 
-2.1; 
-2.1; 
-2.1; 


+0.1 
+0.1 
+0.1 
+0.1 
V 
Input Bias Ct1JTenr?· 
1,9 
+ 25'C 
I 
36 
60 
36 
60 
36 
60 
36 
60 
p.A 


Full 
VI 
100 
100 
100 
100 
p.A 


Input Resistance 
+25'C 
I 
200 
300 
200 
300 
200 
300 
200 
300 
kfi 
Full 
VI 
40 
40 
40 
40 
kfi 
Ioput Capacitance 
+25'C 
III 
16 
20 
16 
20 
16 
20 
16 
20 
pF 
Full Power Bandwidth 
,. 
+25'C 
III 
10 
15 
10 
15 
10 
15 
10 
15 
MHz 


REFERENCE 
INPUT 
Positive Reference 
VOltagell 
Full 
V 
0.0 
0.0 
0.0 
0.0 
V 
Negative Reference Voltage 
I I 
Full 
V 
-2.0 
-2.0 
-2.0 
-2.0 
V 
Differential 
Relerence 
Voltage 
Full 
V 
2.0 
2.0 
2.0 
2.0 
V 
Reference Ladder Resistance 
Full 
VI 
50 
90 
125 
50 
90 
125 
50 
90 
125 
50 
90 
125 
n 
Ladder 
Ternperatun: 
Coefficient 
Full 
V 
0.22 
0.22 
0.22 
0.22 
nrc 
Reference 
Laddc:rCurrenr12 
Full 
VI 
23 
40 
23 
40 
23 
40 
23 
40 
mA 
Relerence 
Ioput 
Bandwidth 
+25'C 
V 
10 
10 
10 
10 
MHz 


DYNAMIC 
PERFORMANCE" 
Conversion Ralel2• 
14 
+25'C 
I 
35 
38 
35 
38 
35 
38 
35 
38 
MHz 
Aperture 
Delay 
+25'C 
III 
2.4 
5 
2.4 
5 
2.4 
5 
2.4 
5 
os 
Aperture 
Uncenamty(Jiuer) 
+25'C 
III 
25 
50 
25 
50 
25 
50 
25 
50 
po 
Output 
Delay (tPD)" 
12 
+25'C 
I 
13 
15 
9 
15 
9 
15 
9 
15 
os 
Output 
Hold Time(IoH)" 
+25'C 
I 
5 
8 
5 
8 
5 
8 
5 
8 
os 
Transient 
Responsel6 
+25'C 
I 
6 
20 
6 
20 
6 
20 
6 
20 
ns 
Ovcrvoltagc Recovery Timet? 
+ 25'C 
V 
8 
8 
8 
8 
os 
Rise Time 
+25'C 
I 
9 
9 
9 
9 
ns 
Fall Time 
+25'C 
I 
14 
14 
14 
14 
os 
Output 
Time 
Skew II 
+25'C 
I 
4.5 
7 
4.5 
7 
4.5 
7 
4.5 
7 
os 


NMINV 
and NLINV 
INPUTS" 
12 
+ O.4V Ioput 
Current 
Full 
VI 
200 
200 
200 
200 
p.A 


+ 2.4V Input 
Current 
Full 
VI 
10 
10 
10 
10 
p.A 


+ 5.5V Input 
Current 
Full 
VI 
10 
10 
10 
10 
,..A 


CONVERT 
INPUT 
Logic "I" 
Voltage 
Full 
VI 
2.0 
2.0 
2.0 
2.0 
V 
Logic "0" Voltage 
Full 
VI 
0.8 
0.8 
0.8 
0.8 
V 
Logic"I"Current(V,~ 
+2.4V),,12 
Full 
VI 
15 
15 
15 
15 
p.A 


Logic "1" Current 
(V, ~ + 5.5V)"12 
Full 
VI 
15 
15 
15 
15 
p.A 
Logic no" CurrentS. 
12 
Full 
VI 
500 
500 
500 
500 
p.A 


Ioput 
Capacitance 
+25'C 
III 
4 
6 
4 
6 
4 
6 
4 
6 
pF 
Conven 
Pulse Width 
(LOW) 
+ 25'C 
I 
18 
IS 
IS 
18 
os 
Conven 
Pulse Width 
(HIGH) 
+25'C 
I 
10 
10 
10 
10 
os 


AD9048JNIJJ/JQ 
AD9048KNIKJIKQ 
AD9048SElSQ 
AD9048TE/I'Q 


Telt 
Ponmeter(CoDditioal) 
Temp 
Level 
Mill 
Typ 
Mas 
Mill 
Typ 
Mas 
Mill 
Typ 
Mas 
Mill 
Typ 
Mas 
Ullitl 


ACUNEARITY 
1D-lla11dHumomcs 
dcto 2.438MHz19 
+25'C 
I 
47 
50 
49 
55 
47 
50 
49 
55 
dBc 
dcto 9.35MHz'O 
+25'C 
V 
48 
48 
48 
48 
dBc 
Signal-to-Noise 
Ratio (SNR)19 
1.248MHz 
IDput Frcqueacy" 
+25'C 
I 
43.5 
44 
45 
46 
43.5 
44 
45 
46 
dB 
2.438MHz 
IDput Frcqueacy" 
+25'C 
I 
43 
44 
44 
46 
43 
44 
44 
46 
dB 
1.248MHz 
IDput Frcqueacy" 
+25'C 
1 
52.5 
53 
54 
55 
52.5 
53 
54 
55 
dB 
2.438MHz 
IDput Frcqueacy" 
+25'C 
I 
52 
53 
53 
55 
52 
53 
53 
55 
dB 
Signal-to-Noise 
Ratio (SNR)'" 
1.248MHz 
IDput Frcqueacy" 
+25'C 
I 
43.5 
44 
45 
46 
43.5 
44 
45 
46 
dB 
9.35MHz 
IDput Frcqueacy" 
+25'C 
V 
40.5 
40.5 
40.5 
40.5 
dB 
Noise Power Ratio (NPR)" 
+25'C 
III 
36.5 
39 
36.5 
39 
36.5 
39 
36.5 
39 
dB 
Diffcrcatiol 
Phase" 
+25'C 
III 
1 
1 
1 
1 
Dcpec 


Diffcrcatiol 
Gain" 
+25'C 
III 
2 
2 
2 
2 
% 


DIGITAL 
OUTPUTS 
Logic "I" 
VOltage14 
Full 
VI 
2.4 
2.4 
2.4 
2.4 
V 
Logic "0" Voltage" 
•• 
Full 
VI 
0.5 
0.5 
0.5 
0.5 
V 
Shon 
Circuit 
Current' 
Full 
VI 
30 
30 
30 
30 
mA 


POWER 
SUPPLY 
PooitivcSupplyCurrcnt( 
+ 5.5V) 
+25'C 
I 
34 
46 
34 
46 
34 
46 
34 
46 
mA 


(VEE= 
-5.5V) 
Full 
VI 
48 
48 
48 
48 
mA 


NeptivcSupplyCurrcnt( 
- 5.5V) 
+25'C 
I 
90 
110 
90 
110 
90 
110 
90 
110 
mA 


Full 
VI 
120 
120 
120 
120 
mA 
Nominal 
Power Dislipotion 
+25'C 
V 
550 
550 
550 
5SO 
mW 
Ref.rence 
Ladder 
Dislipotion 
+25'C 
V 
45 
45 
45 
45 
mW 
• 


NOTES: 
IMaximum 
ratinp 
are limiting 
values, to be applied 
individually, 
and beyond which the serviceability 
of the device may be impaired. 
Functional 
operation 
under any of thae 
conditioD5 is DOt necessarily 
implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for encoded 
periods of time may affect device reliability. 
2Applied voltage must be currau~limited 
to specified 
ruse. 
'Forcinl 
vol •••• 
must be limited 
to specified 
nqe. 
'Cuneot 
is speciflCd II Deptive 
when fIowins in,o th. device. 
50utput 
High; one pin to ground; 
one second dunrioo. 


"'ypicol 
tbcrmol impedancco 
(no air flow) lie II followo: 


CcrunicDIP: 
al• =49"CI\V; alC= 15'CIW 
LCC: al' 
= 69"CI\V;alC =21'CIW 
P1IItic DIP: al' 
= 58'CIW; a1c = 16'CIW 
PLCC: al• = 59; alC = 19 
To calculate junction temperature 
(TJ)' use power dissipation (PD) and thermal impedance: 


T1 = PD(al.v 
+T.MBIENT = PD(a1cl= 
+TCASE 
'M ••• utcd with V'M = OVondCONVERTlow(samplinlmocl.). 
'Vec 
= +5.5V 
'vEE = -5.5V 
"'Delcrmined 
by beat frcquoney 'CltinI for no missins codes. 


IIVaT~ Vu 
under 
all circumlunces. 


uVSE = -4.9V 
"OulpUU 
,erminated 
with40pF 
and 8100 pull-up mis'on. 


14VCC= +4.5V 
l5ID,erval from SO%poinl oflcadina 
eda.CONVERT 
puIsc '0cbonae in OUlpUIdota. 


16For full sc:alcItep input, 8-bit accuracy attained in specified time. 
11Recoven to 8-bit accu.racy in specified 
time after - 3V input overvoltage. 


l'<>utpUt time skew includes bigh·to-low and low·to-high trUlsitions IS well as biHo-bit 
time skew differences. 
"MCIIutcd 
Bt20MHz encode ral. with 1JlI10l1inputldB 
bc10w fu111C41e. 
20Meuutcd 
It35MHz 
encode ral. with onolos inputldB 
below fu111C11•. 
21RMSaipal 
to l'II1I DOise. 
22Peak sipaI 
to nDI noise. 


"DC 
to 8MHz noise bandwidth 
with 1.248MHz slot; four sipla 
10Ildin8; 20MHz encode. 


''C1ockfrequency 
= 4 x NTSC = 14.32MHz. 
M••• utcd with 4O-IREmocIulsled 
romp. 


Specificotions 
subject 
10 cboncc withou' 
notice. 


Test Level I 
Test Level II 
- 
100%production tested. 


- 
100%production tested at + 25°C and 
sample tested at specified temperatures. 
- Sample tested only. 
- Parameter is guaranteed by design and 
characterization testing. 


Test Level V 
Test Level VI 
- Parameter is a typical value only. 
- All devices are 100%production tested at 


25°C. 100%production tested at temperature 
extremes for military temperature devices; 
sample tested at temperature extremes for 
commerciaVindustriai devices. 


Test Level III 
Test LevellV 


Package 
Model 
Linearity 
Temperature 
Option' 


AD9048JN 
0.7SLSB 
Oto +70oe 
N-28 
AD9048KN 
O.SLSB 
Oto +70oe 
N-28 
AD9048JJ 
0.7SLSB 
Oto +70oe 
J-28 
AD9048KJ 
O.SLSB 
Oto +70oe 
J-28 
AD9048JQ 
0.7SLSB 
Oto +70oe 
Q-28 
AD9048KQ 
O.SLSB 
Oto +70oe 
Q-28 
AD9048SE2 
0.7SLSB 
- ssoe to + 12Soe 
E-28A 
AD9048TE2 
O.SLSB 
- ssoe to + 12Soe 
E-28A 
AD9048SQ2 
0.7SLSB 
- ssoe to + 12Soe 
Q-28 
AD9048TQ2 
O.5LSB 
- ssoe to + 12Soe 
Q-28 


NOTES 
IE = LeadlessCeramicChipCarrier;J 
~J-LeadedCeramic;N 
= PlaSlicDIP; Q ~ Cerdip. 


For outline 
information 
see Package 
Information 
section. 


2For specifications, 
refer to Analog 
Devices 
Military 
Products Databook. 


Die Dimensions 
Pad Dimensions 
Metalization 
. . 
Backing 
. . . . 


Substrate Potential 
Passivation 
Die Attach 
Bond Wire 


127x l40x4 
(±2) 
mils 
4x4 
mils 


. Gold 
None 


. 
VEE 


. Nitride 
Gold Eutectic 
I mil Gold; Gold Ball Bonding 


PIN CONFIGURATIONS 


DIP 
LCC 
J-Leaded 
Ceramic 


ii 
iii' 


~ 
> 
~ > 
~ 
i!: 
! 8 S 
Q 
J ,z 
0 0 0 ,; ,. . . 
z 
z 
a: 
a: 
• 
J 
2 
1 
28 27 26 


OGND 5 
.. 
25 AGND 


Ycc 
6 
..NC 
V"" 
NC 


Vn 
7 
23 V., 
V" 
V" 
AD9048 
VI( 8 
TOP VIEW 
"NC 
V" 
NC 


Yu 
9 
(Not 
to 
SC4llel 
21 
NC 
V" 
NC 
Yccl0 
2. 
NC 
NC 
V"" 
DaNO" 
19 AGND 


NUNV 
12 13 '4 
15 16 11 ,. 


ll5 
> 
ill 
i!i S !~ •• 
zi 
~ 0 
Ci 0 ~ 
lr .r 
DO 
l! z 
~ 
w 
0 
He. 
NO CONNECT 
~ 
U 


He = NO CONNECT 
0 8 


2-776 
ANALOG- 
TO-DIGITAL 
CONVERTERS 
REV. A 


Pin 
Name 


Dl-D8 


Va:; 


VEE 


CONVERT 


Description 


Eight digital outputs. 
D I (MSB) is the most 
significant bit of the digital output word; 
D8 (LSB) is the least significant bit. 


One of two analog ground returns. 
Both grounds 
should be connected together and to low impedance 
ground plane near the AD9048. 


One of two digital ground returns. 
Both grounds 
should be connected together and to low impedance 
ground plane near the AD9048. 


Positive supply terminals; nominally + 5.0V. 


Negative supply terminals; nominally 
- 5.2V. 


Input for conversion signal; sample of analog 
input signal taken on rising edge of this pulse. 


Pin 
Name 
RB 


Description 


Most negative reference voltage for internal 
reference ladder. 


Midpoint tap on internal reference ladder. 


Most positive reference voltage for internal 
reference ladder. 


Analog input signal pin. 


"Not Most Significant Bit Invert." 
In normal 


operation, 
this pin floats high; logic LOW at 
NMINV inverts most significant bit of digital 
output word [Dl (MSB)]. 


"Not Least Significant Bit Invert." 
In normal 
operation, 
this pin floats high; logic LOW at 
NLINV inverts the seven least significant bits of 
the digital output word. 
• 


VIN 


NMINV 


O.1 ••.F 


~ 
v" 
Vcc 


(MSBID1 
V•• 
D2 


D3 
CONVERT 
D4 


AD9048 
os 


R. 
D6 


D1 
RT 
(LSBI D8 


DIGITAL 
ANALOG 
1k 
LOAD 
GROUND 
GROUND 
RESISTORS 


AU RESISTOR % S% 
AU CAPACITORS % 20% 
OPTION #1 (STATIC): AD1 = - 2.0V; AD2 = + 2.4V 
AU SUPPLY VOLTAGES %S% 
OPTION #2 (DYNAMICI: 
SEEWAVEFORMS 


AD1 
.--.. 
.--.. 
_ - 
OV 
...,...- 
-............-- 
-............--- 
-2.0V 
1--84O"'---l 


AD2 I11LfiJlJm' 
- 
V 
IH 


--ls".f-- 
- 
VOL 


THEORY 
OF OPERATION 
Refer to the block diagram of the AD9048. The AD9048 comprises 
three functional sections: a comparator array, encoding logic, 
and output latches. 


Within the array, the analog input signal to be digitized is compared 
with 255 reference voltages. The outputs of all comparators 
whose references are below the input signal level will be high; 
and outputs whose references are above that level will be low. 


The n-of-255 code which results from this comparison is applied 
to the encoding logic where it is converted into binary coding. 
When it is inverted with dc signals applied to the NLINV and/or 
NMINV pins, it becomes twos complement. 


After encoding, the signal is applied to the output latch circuits 
where it is held constant between updates controlled by the 
application of CONVERT 
pulses. 


The AD9048 uses strobed latching comparators in which com- 
parator outputs are either high or low, as dictated by the analog 
input level. Data appearing at the output pins have a pipeline 
delay of one encode cycle. 


Input signal levels between the references applied to RT (Pin 18) 
and RB (Pin 26) will appear at the output as binary numbers 
between 0 and 255, inclusive. Signals outside that range will 
show up as either full-scale positive or full-scale negative outputs. 
No damage will occur to the AD9048 as long as the input is 
within the voltage range of VEE to +O.5V. 


The significantly reduced input capacitance of the AD9048 
lowers the drive requirements 
of the input buffer/amplifier and 
also induces much smaller phase shift in the analog input signal. 


Applications which depend on controlled phase shift at the 
converter input can benefit from using the AD9048 because of 
its inherently lower phase shift. 


The CONVERT, 
analog input and digital output circuits are 
shown in Figure I, AD9048 Input/Output 
Circuits. 


System timing which provides details on delays through the 
AD9048, as well as the relationships of various timing events, is 
shown in Figure 2, AD9048 Timing Diagram. 


Dynamic performance of the AD9048, i.e., typical signal-to-noise 
ratio, is illustrated in Figures 3 and 4. 


~R' 


I 
I 


RI2 


RM 


-5.2V 
RI2 


1 
I 


-S.2V 
-S.2V 
~R' 


~~ 


O~I~~T=:r::xx 
N-l 
XX 
N 
XX~--N-+-l-- 
-l 
l-1..., 
'Y' 
'Y' 
DATA 
DATA 
CHANGING 
CHANGING 


......••.... 


'\ 


31 
100kHz 
'MHz 
10MHz 


ANAlOG 
INPUT FREQUENCY 
-1dB 
BELOW FUUSCAlE 


Figure 3. AD9048 Dynamic Performance 
(20MHz Encode 
Rate) 
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31 
100kHz 
1MHz 
10MHz 


ANALOG 
INPUT 
FREQUENCY 
-1dB 
BELOW 
FUUSCALE 


Figure 4. AD9048 Dynamic Performance 
(35MHz Encode 
Rate) 


LAYOUT SUGGESTIONS 
Designs which use the AD9048 or any other high-speed device 
must follow some basic layout rules to insure optimum 
performance. 


The first requirement 
is to have a large, low impedance ground 
plane under and around the converter. If the system uses separate 
analog and digital grounds, 
both should be connected solidly 
together and to the ground plane as close to the AD9048 as 
practical, to avoid ground loop currents. 


Ceramic O.lfJoFdecoupling capacitors should be placed as close 
as possible to the supply pins of the AD9048. For decoupling 
low frequency signals, use IOfJoFtantalum capacitors, also con- 
nected as close as practical to voltage supply pins . 


Within the AD9048, reference currents may vary because of 
coupling between the clock and input signals. Because of this, it 
is important 
that the ends of the reference ladder, RT (Pin 18) 


and RB (Pin 28), be connected to low impedances (as measured 
from ground). 


If the AD9048 is being used in a circuit in which the reference 
• 
is not varied, a bypass capacitor to ground is strongly recom- 
mended. In applications which use varying references, they 
must be driven from a low impedance source. 


DHMSB) 


I 
I 
I 
I 
I 


DBILSB) 


Offset Twos 
Binary 
Complement 
Step 
Range 
True 
Inverted 
True 
Inverted 


-2.000VFS 
-2.0480VFS 
NMINV 
= I 
0 
0 
I 
7.8431mVStep 
8.000mVStep 
NLINV 
= I 
0 
I 
0 


000 
O.OOOOV 
O.OOOOV 
00000000 
11111111 
10000000 
01111111 
001 
-0.OO78V 
-0.OO80V 
00000001 
11111110 
10000001 
01111110 
· 
· 
· 
· 
· 
· 
· 
127 
-0.996IV 
-1.0160V 
01111111 
10000000 
11111111 
00000000 
128 
-1.0039V 
-1.0240V 
10000000 
01111111 
00000000 
11111111 
129 
- 1.0118V 
-1.0320V 
10000001 
01111110 
00000601 
11111110 
· 
. 
· 
· 
· 
· 
· 
· 
· 
. 
· 
· 
· 
254 
-1.992IV 
-2.0320V 
11111110 
00000001 
01111110 
10000001 
255 
-2.0000V 
-2.0400V 
11111111 
00000000 
01111111 
10000000 
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FEATURES 
Two Matched ADCs on Single Chip 
50 MSPS Conversion Speed 
On-Board Voltage Reference 
Low Power «1W) 
Low Input Capacitance (10 pFI 
±5 V Power Supplies 
Flexible Input Range 


APPLICATIONS 
Quadrature Demodulation for Communications 
Digital Oscilloscopes 
Electronic Warfare 
Radar 


GENERAL DESCRIPTION 
The AD90S8 combines two independent 
high performance 
8-bit 


analog-to-digital 
converters (ADCs) on a single monolithic IC. 


Combined with an optional on-board voltage reference, the 
AD90S8 provides a cost effective alternative for systems requir- 
ing two or more ADCs. 


Dynamic performance 
(SNR, ENOB) is optimized to provide up 
to SOMSPS conversion rates. The unique architecture 
results in 
low input capacitance while maintaining high performance and 
low power «0.5 
wattlchannel). 
Digital inputs and outputs are 
TTL compatible. 


Performance 
has been optimized for an analog input of 2 V p-p 


(:!: I V; 0 to +2 V). Using the on-board 
+2 V voltage reference, 


the AD90S8 can be set up for unipolar positive operation (0 to 
+ 2 V). This internal voltage reference can drive both ADCs. 


Commercial (O°Cto + 70°C) and military (- 55°C to + 125°C) 
temperature 
range parts are available. Parts are supplied in her- 


metic 48-pin DIP and 44-pin "J" lead packages. 


Dual 8-Bit, 50 MSPS 
AID Converter 


AD9058 
I 


AD9058 


+VREF 
• 


AD9058 - 
SPEC IFI CATIONS 


ABSOLUTE 
MAXIMUM 
RATINGS' 
Analog Input 
-1.5 
V to +2.5 V 
+Vs 
+6 V 
-Vs 
+0.8 V to -6 V2 


Digital Inputs 
-0.5 
V to +Vs 


Digital Output Current 
20 mA 
Voltage Reference Current 
53 mA 


+VREF 
••••••••••••••••••••••••••••••• 
+2.5 V 


-VREF 
••••••••••••••••••••••••••••••••• 
-1.5 


Operating Temperature 
Range 
AD9508JD/JJ/KD/KJ 
O°Cto +70°C 


Maximum Junction Temperature' 
AD9058JD/JJ/KD/KJ 
+ 175°C 


Storage Temperature 
Range 
-65°C to + 150°C 


Lead Temperature 
(Soldering, 
10 sec) 
+ 300°C 


[±Vs = ±5 V; VREF = +2 V (internal); ENCODE= 40 MSPS;A1N = 0 V to +2 V; -VREF 
ELECTRICAL CHARACTERISTICS 
= GROUND,unless otherwise noted.f All specifications apply to either of the two ADCs. 


Test 
AD9058JD/JJ 
AD9058KDIKJ 
Parameter 
(Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
.. 
8 
8 
Bits 


DC ACCURACY 
Differential Nonlinearity 
+25°C 
I 
0.25 
0.65 
0.25 
0.5 
LSB 
Full 
VI 
0.8 
0.7 
LSB 
Integral Nonlinearity 
+25°C 
I 
0.5 
1.3 
0.5 
1.0 
LSB 
Full 
VI 
1.4 
1.25 
LSB 
No Missing Codes 
Full 
VI 
GUARANTEED 
GUARANTEED 


ANALOG INPUT 
Input Bias Current 
+25°C 
I 
75 
170 
75 
170 
flA 
Full 
VI 
340 
340 
flA 
Input Resistance 
+25°C 
I 
12 
28 
12 
28 
kn 


Input Capacitance 
+25°C 
IV 
10 
15 
10 
15 
pF 
Analog Bandwidth 
+25°C 
V 
175 
175 
MHz 


REFERENCE 
INPUT 
Reference Ladder Resistance 
+25°C 
I 
120 
170 
220 
120 
170 
220 
n 


Full 
VI 
80 
270 
80 
270 
n 
Ladder Tempco 
Full 
V 
0.45 
0.45 
woC 
Reference Ladder Offset 
+25°C 
I 
8 
16 
8 
16 
mV 


(Top) 
Full 
VI 
24 
24 
mV 
Reference Ladder Offset 
+25°C 
I 
8 
23 
8 
23 
mV 


(Bottom) 
Full 
VI 
33 
33 
mV 
Offset Drift Coefficient 
Full 
V 
50 
50 
flVrC 


INTERNAL 
VOLTAGE 
REFERENCE 
Reference Voltage 
+25°C 
I 
1.95 
2.0 
2.20 
1.95 
2.0 
2.20 
V 


Full 
VI 
1.90 
2.25 
1.90 
2.25 
V 
Temperature 
Coefficient 
Full 
V 
150 
150 
flVrC 


Power Supply 
Rejection Ratio (PSRR) 
+25°C 
I 
10 
25 
10 
25 
mVN 


SWITCHING 
PERFORMANCE 
Maximum Conversion Rate' 
+25°C 
I 
50 
50 
60 
MSPS 
Aperture Delay (tA) 
+25°C 
IV 
0.1 
0.8 
1.5 
0.1 
0.8 
1.5 
ns 
Aperture Delay Matching 
+25°C 
IV 
0.2 
0.5 
0.2 
0.5 
ns 
Aperture Uncertainty (Jitter) 
+25°C 
V 
10 
10 
ps, rms 


Output Delay (Valid) (ty)' 
+25°C 
I 
8 
5 
8 
ns 
Output Delay (ty) Tempco 
Full 
V 
16 
16 
pifC 


Propagation Delay (tpo)' 
+25°C 
I 
12 
12 
19 
ns 
Propagation 
Delay (tpo) Tempco 
Full 
V 
-16 
-16 
pifC 
Output Time Skew 
+25°C 
V 
1 
1 
ns 


ENCODE 
INPUT 
Logic "I" Voltage 
Full 
VI 
2 
2 
V 


Logic "0" Voltage 
Full 
VI 
0.8 
0.8 
V 


Logic "I" Current 
Full 
VI 
600 
600 
flA 
Logic "0" Current 
Full 
VI 
1000 
1000 
flA 
Input Capacitance 
+25°C 
V 
5 
5 
pF 
Pulse Width (High) 
+25°C 
I 
8 
8 
ns 
Pulse Width (Low) 
+25°C 
I 
8 
8 
ns 


Parameter 
(Conditions) 
Temp 
Level 
Mln 
lyp 
Max 
MID 
lYP 
Max 
UDlts 


DYNAMIC PERFORMANCE 
Transient Response 
+ 25°C 
V 
2 
2 
ns 
Overvoltage Recovery Time 
+25°C 
V 
2 
2 
ns 
Effective Number of Bits (ENOB)s 
Analog Input @ 2.3 MHz 
+25°C 
I 
7.7 
7.2 
7.7 
Bits 
@ 10.3 MHz 
+25°C 
I 
7.4 
7.1 
7.4 
Bits 
Signal-to-Noise RatioS 
Analog Input @ 2.3 MHz 
+25°C 
I 
, 
48 
45 
48 
dB 
@ 10.3 MHz 
+25°C 
I 
46 
44 
46 
dB 
Signal-to-Noise RatioS (Without Harmonics) 
Analog Input @ 2.3 MHz 
+25°C 
I 
48 
46 
48 
dB 
@ 10.3 MHz 
+25°C 
I 
47 
45 
47 
dB 
2nd Harmonic Distortion 
Analog Input @ 2.3 MHz 
+25°C 
I 
58 
48 
58 
dBc 
@ 10.3 MHz 
+25°C 
I 
58 
48 
58 
dBc 
3rd Harmonic Distortion 
Analog Input @ 2.3 MHz 
+ 25°C 
I 
58 
50 
58 
dBc 
@ 10.3 MHz 
+25°C 
I 
58 
50 
58 
dBc 
Crosstalk Rejection 6 
+25°C 
IV 
60 
48 
60 
dBc 


DIGITAL 
OUTPUTS 
Logic "I" Voltage (lOH = 2 mA) 
Full 
VI 
2.4 
2.4 
V 
Logic "0" Voltage (lOL = 2 mAl 
Full 
VI 
0.4 
0.4 
V 


POWER SUPPL y7 


+ Vs Supply Current 
Full 
VI 
127 
154 
127 
154 
mA 
-VsSupply 
Current 
Full 
VI 
27 
38 
27 
38 
mA 
Power Dissipation 
Full 
VI 
770 
960 
770 
960 
mW 
• 


NOTES 
IAbsolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 
2For applications in which +Vs may be applied before - Vs, or +Vs current is not limited to 500 mA, a reverse biased clamping diode should be inserted 
between ground and -V s to prevent destructive latch up. See section entitled "Using the AD90S8." 
3Typical thermal impedances: 44-pin hermetic J-Leaded ceramic package: aJA = 86.4°CIW; aJC = 24.9°CIW; 48-pin hermetic DIP aJA = 4O°CIW; 
ale = 12"OW. 
4'fo achieve guara.nteed conversion rate, connect each data output to ground through a 2 kO pull-down resistor. 
'SNR performance limits for the 4S-pin DIP "0" 
packase are I dB less than shown. ENOB limits are degraded by 0.3 dB. SNR and ENOB measured with 
analog input signal I riB below full scale at specified frequency. 
6Crosstalk rejection measured with full-scale signals of different frequencies (2.3 MHz and 3.5 MHz) applied to each channel. With both signals synchronously 
encoded at 40 MSPS, isolation of the undesired frequency is measured with an FFT. 


7Applies to both AIDs and includes internal ladder dissipation. 
Specifications subject to change without nOlice. 


EXPLANATION 
OF TEST 
LEVELS 
Test Level 
I 
100% production 
tested. 
II 
100% production 
tested at + 25°C, and sample tested at 
specified temperatures. 
III 
Sample tested only. 
IV 
Parameter 
is guaranteed by design and characterization 
testing. 
V 
Parameter is a typical value only. 
VI 
All devices are 100% production 
tested at + 25°C. 


100% production 
tested at temperature 
extremes for 
extended temperature 
devices; sample tested at tem- 
perature extremes for commercial/industrial 
devices. 


Temperature 
Package 
Model 
Range 
Description 
Option* 


AD90S8JJ 
O°Cto +70'C 
44-Pin J-Leaded 
J-44 
Ceramiet 
AD90S8KJ 
O°Cto +70°C 
44-Pin J-Leaded 
J-44 
Ceramic, AC Tested 
AD90S8TJ/883# 
-SS'C to + 125°C 44-Pin J-Leaded 
J-44 
Ceramic, AC Tested 
AD90S8JD 
O°Cto +7O°C 
48-Pin Ceramic DIP 
D-48 
AD90S8KD 
O'C to +70°C 
48-Pin Ceramic DIP, D-48 
AC Tested 
AD9058TD/883# 
-55°C to + 125°C 48-Pin Ceramic DIP, D-48 
AC Tested 
AD9058IPCB 
O°Cto +7O°C 
AD9058 Evaluation 
Board (J-Lead) 


-D = Hermetic Ceramic DIP Package; J = Leaded Ceramic Package. For 
outline information see Package Information section. 
tHermetically 
sealed ceramic package; footprint equivalent to PLCe. 
#For specifications, refer to Analog Devices Military Products Databook. 


J-Lead 
Ceramic DIP 
Pin Number 
Pin Number 
ADC-A 
ADC·S 
Name 
Function 
ADC-A 
ADC·S 


3 
43 
+VREF 
Top of internal voltage reference ladder. 
14 
11 
4 
42 
GROUND 
Analog ground return. 
15 
10 
5 
41 
+Vs 
Positive 5 V analog supply voltage. 
16 
9 
6 
40 
AIN 
Analog input voltage. 
17 
8 
7 
39 
-Vs 
Negative 5 V supply voltage. 
19 
6 
8 
38 
-VREF 
Bottom of internal voltage reference ladder. 
20 
5 
9 
37 
+Vs 
Positive 5 V digital supply voltage. 
22 
3 
10 
36 
ENCODE 
TTL compatible convert command. 
23 
2 
11 
35 
D7 (MSB) 
Most significant bit of TTL digital output. 
25 
48 
12-17 
34-29 
D6-DI 
TTL compatible digital output bits. 
26-31 
47-42 
18 
28 
DO (LSB) 
Least significant bit of TTL digital output. 
32 
41 
19 
27 
GROUND 
Digital ground return. 
21,24,33 
1,4,40 
20 
26 
-Vs 
Negative 5 V supply voltage. 
34 
39 
21 
25 
GROUND 
Analog ground return. 
35 
38 
22 
24 
+Vs 
Positive 5 V analog supply voltage. 
36 
37 
COMMON 
PINS 
COMMON 
PINS 
1 
COMP 
Connection for external (0.1 fLF) 
12 
compensation capacitor. 


2 
+V1NT 
Internal + 2 V reference; can drive 
13 
+ VREF for both ADCs. 


GROUND 
, 
•• 
01 (MSB) 


ENCODe 
0, 


'Ys 
0, 


GROUND 
O. 
-v REf 
0, 


-Ys 
0, 


NC 
0, 
',. 
Do (LSB) 


'Ys 
GROUND 


GROUND 0 


-Ys 


.VREF 
GROUND 


COMP 
'Ys 


.V1NT 
'Ys 


.VREF 
GROUND 


GROUND 
-Ys 


'Ys 
GROUND 
',. 
Do (LSB) 


.C 
0, 
-Ys 
0, 


-VREF 
0, 


GROUND 
O. 


'Ys 
0, 


ENCODe 
0, 


GROUND 
" 
os 
07 (MSB) 


7 
-Ys 


-VREF 


'Ys 


ENCODE 


07 (MSBI 


0, 


0, 
o. 


0, 


0, 


0, 
" 


10 
36 


ENCODE 
ENCODE 
A 
S 


-VREF A 
•VS 
5.9.22 • 
.5V 
24,37,41 
-VREF 
B 
18 
DO. (LSS) 
17 
I 
16 
~ 
A1H •. 
I 
15 
" 
.. 
I 
(.) 
13 
~ 
.VINT 
I 
12 


0,. 
(MSS) 
11 


CLOCK 


DO. (LSS) 
28 


.VREF 
B 
29 
I 
30 
I 
31 


COMP 
I 
32 


O.1}JF V 


CO 


33 
I 
34 


A1H B 
°7S(MSB) 
35 


THEORY OF OPERATION 
The AD9058 contains two separate 8-bit analog-to-digital con- 
verters (ADCs) on a single silicon die. The two devices can be 
operated independently 
with separate analog inputs, voltage ref- 
erences, and clocks. 


In a traditional flash converter, 
256 input comparators are re- 
quired to make the parallel conversion for 8-bit resolution. This 
is in marked contrast to the scheme used in the AD9058, as 
shown in Figure I. 


Unlike traditional "flash," or parallel, converters, each of the 
two ADCs in the AD9058 utilizes a patented interpolating 
architecture 
to reduce circuit complexity, die size, and input 
capacitance. These advantages accrue because, compared to a 
conventional flash design, only half the normal number of input 
comparator cells is required to accomplish the conversion. 


In this unit, each of the two independent 
ADCs uses only 128 


(27) comparators 
to make the conversion. The conversion for the 
seven most significant bits (MSBs) is performed by the 128 com- 
parators. The value of the least significant bit (LSB) is deter- 
mined by interpolation 
between adjacent comparators in the 
decoding register. A proprietary 
decoding scheme processes the 


comparator outputs and provides an 8-bit code to the output 
register of each ADC; the scheme also minimizes error codes. 


Analog input range is established by the voltages applied at the 
voltage reference inputs (+VREF and - VREF)' 
The AD9058 
can operate from 0 V to +2 V using the internal voltage refer- 
ence, or anywhere between -I V and +2 V using external refer- 
ences. Input range is limited to 2 V p-p when using external 
references. The internal resistor ladder divides the applied volt- 
age reference into 128 steps, with each step representing 
two 
8-bit quantization 
levels. 


ANALOG 
INA 


rlJ.5 
Y 


ANALOG 
200 
INS 


.0.5 V 


• 


The on-board voltage reference, +VINT' is a bandgap reference 
which has sufficient drive capability for both reference ladders. 
It provides a +2 V reference that can drive both ADCs in the 
AD9058 for unipolar positive operation (0 V to +2 V). 


USING THE AD90S8 
Refer to Figure 2. 


Using the internal voltage reference connected to both ADCs as 
shown reduces the number of external components 
required to 


create a complete data acquisition system. The input ranges of 
the ADCs are positive unipolar in this configuration, 
ranging 
from 0 V to +2 V. Bipolar input signals are buffered, amplified, 
and offset into the proper input range of the ADC using a good 
low distortion amplifier such as the AD9617 or AD9618. 


AD9058 
(J·LEAD) 


4,19.21 
25,27,42 


-vs 
~~~~ 


O.1IJF 


+Vs 
5,9,22, 
+5V 
OOk 
",VREF 
A 
24,37,41 


~O"IlF 


ANALOG 


",VREF 
B 
Rl1 
INA 
DO••.(LSB) 
18 
• 
:!O.125 
V 
A1N 
A 
17 
• 
I 
1. 
• 
~ 
I 
1 
• 
14 
l- 


I 
13 
• 
~ 


12 
• 
~ 
I 
• 
-VREF A 
D7A<MSB) 
11 
• 


CLOCK 


-YREFe 
Al2 


DOB 
(LSB) 
28 
• 
29 
• 
I 
30 
• 
~ 
I 
31 
ANALOG 
50 
• 
I- 
32 
• 
u 
IN B 
I 
33 
.. 


:!:O.125 V 
±1 V 
AIN B 
• 
~ 
40 
I 
34 
• 


1 
D7B(MSB) 
35 
• 
COMP 
CLOCK 
O"IlF~ 
AD9058 
-vs 
7,20, 
-5V 
(HEAD) 
26,39 
(SEE TEXT) 


Rll, 
RZ2 = 2,ooon SIP (81PKGI 
O.lIlF 
lN4001 
4,19,21 
25,27,42 


The AD9058 offers considerable flexibility in selecting the ana- 
log input ranges of the ADCs; the two independent 
ADCs can 
even have different input ranges if required. 
In Figure 3 above, 


the AD9058 is shown configured for ± 1 V operation. 


The Reference Ladder Offset shown in the specifications table 
refers to the error between the voltage applied to the + VREF 
(top) or - VREF (bottom) of the reference ladder and the actual 
voltage required at the analog input to achieve a 1111 1111 or 
0000 0000 transition. 
This indicates the amount of adjustment 
range which must be designed into the reference circuit for the 
AD9058. 


The diode shown between ground and - Vs is normally reverse 
biased and is used to prevent latch-up. 
Its use is recommended 
for applications in which power supply sequencing might allow 
+ Vs to be applied before - VS; or the + Vs supply is not cur- 
rent limited. If the negative supply is allowed to float (the + 5 V 
supply is powered up before the - 5 V supply), substantial 
+5 V supply current will attempt to flow through the substrate 
(Vs supply contact) to ground. 
If this current is not limited to 


<500 mA, the part may be destroyed. The diode prevents this 
potentially destructive condition from occurring. 


Timing 
Refer to the AD9058 Timing Diagram. The AD9058 provides 
latched data outputs with no pipeline delay. To conserve power, 
the data outputs have relatively slow rise and fall times. When 
designing system timing, it is important 
to observe (I) set-up 
and hold times; and (2) the intervals when data is changing. 


Figure 3 shows 2 kfl pull-down resistors on each of the Do-D7 
output data bits. 
When operating at conversion 
rates higher than 
40 MSPS, these resistors help equalize rise and fall times and 
ease latching the output data into external latches. The 74ACT 


logic family devices have short set-up and hold times and are the 
recommended 
choices for speeds of 40 MSPS or more. 


Layout 
To insure optimum performance, 
a single low-impedance 
ground plane is recommended. 
Analog and digital grounds 
should be connected together and to the ground plane at the 
AD9058 device. Analog and digital power supplies should be 
bypassed to ground through 0.1 f.LFceramic capacitors as close 
to the unit as possible. 


An evaluation board (ADI part #AD9058IPCB) 
is available to 
aid designers and provide a suggested layout. The use of sockets 
may limit the dynamic performance 
of the part and is not rec- 
ommended except for prototype or evaluation purposes. 


For prototyping 
or evaluation, surface mount sockets are avail- 
able from Methode (part # 213-0320602) for evaluating AD9058 
surface mount packages. To evaluate the AD9058 in through- 
hole PCB designs, use the AD9058JD/KD 
with individual pin 
sockets (AMP part #6-330808-0). 
Alternatively, 
surface mount 
AD9058 units can be mounted in a through-hole 
socket (Circuit 
Assembly Corporation, 
Irvine California part #CA-44SPC- T). 


AD9058 APPLICATIONS 
Combining two ADCs in a single package is an attractive aIter- 
native in a variety of systems when cost, reliability, and space 
are important 
considerations. 
Different systems emphasize par- 
ticular specifications, depending on how the part is used. 


In high density digital radio communications, 
a pair of high 
speed ADCs are used to digitize the in-phase (I) and quadrature 
(Q) components 
of a modulated 
signal. The signal presented to 
each ADC in this type of system consists of message-dependent 
amplitudes varying at the symbol rate, which is equal to the 
sample rates of the converters. 


ANALOG 
INPUT" 
I 
I "'- 
./ 
-IrA 
~N+l 


IA = APERTURE TIME 


Iv = DATA DELAY OF 
PRECEDING 
ENCODE 
Ipo = OUTPUT PROPAGATION 
DELAY 
• 


Figure 5 below shows what the analog input to the AD9058 
would look like when observed relative to the sample clock. 
Signal-to-noise ratio (SNR), transient response, and sample rate 
are all critical specifications in digitizing this "eye pattern." 


Receiver sensitivity is limited by the SNR of the system. For 
the ADC, SNR is measured in the frequency domain and calcu- 
lated with a Fast Fourier Transform 
(FFT). 
The signal-co-noise 


ratio equals the ratio of the fundamental 
component of the signal 


(rms amplitude) 
to the rms level of the noise. Noise is the sum 
of all other spectral components, 
including harmonic distortion, 


but excluding dc. 


Although the signal being sampled does not have a significant 
slew rate at the instant it is encoded, dynamic performance of 
the ADC and the system is still critical. Transient 
response is the 


time required for the AD9058 to achieve full accuracy when a 
step function input is applied. Overvoltage 
recovery time is the 
interval required for the AD9058 to recover to full accuracy 
after an overdriven analog input signal is reduced to its input 
range. 


Time domain performance of the ADC is also extremely impor- 
tant in digital oscilloscopes. When a track (sample)-and-hold 
is 


used ahead of the ADC, its operation becomes similar to that 
described above for receivers. 


The dynamic response to high-frequency 
inputs can be de- 
scribed by the effective 
number of bits (ENOS). 
The effective 
number of bits is calculated with a sine wave curve fit and is ex- 
pressed as: 


ENOB 
= N - LOG, 
[Error (measured)/Error 
(ideal)J 


where N is the resolution (number of bits) and measured error 


is actual rms error calculated from the converter's 
outputs with 
a pure sine wave applied as the input. 


Maximum 
conversion rate is defined as the encode (sample) rate 
at which SNR of the lowest frequency analog test signal drops 
no more than 3 dB below the guaranteed 
limit. 
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vs. Analog 
Input 
Frequency 


ii'•. 
Die Dimensions 
106 x 108 x IS (:t2) mils 
::; 
i!. 


>f :f 'f 
c ~ ~ o· ~ 
" 
Pad Dimensions 
.4 
x 4 mils 
0 
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Metalization 
. Gold 
Backing 
None 
A,. 
Substrate Potential 
-Vs 
.vs 
Passivation 
. Nitride 
Die Attach 
.. 
. Gold Eutectic (Ceramic) 
+VREF 
Bond Wire 
1-1.3 mil, Gold; Gold Ball Bonding 
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FEATURES 
Monolithic 
10-Bit/75 MSPS Converter 
EClOutputs 
Bipolar (±1.75 VI Analog Input 
57 dB SNR @ 2.3 MHz Input 
low 
(45 pFI Input Capacitance 
Mll-STD-883 
Compliant 
Versions Available 


APPLICATIONS 
Digital Oscilloscopes 
Medical Imaging 
Professional Video 
Radar Warning/Guidance 
Systems 
Infrared Systems 


GENERAL 
DESCRIPTION 
The AD9060 AID converter is a lO-bit monolithic converter ca- 
pable of word rates of 75 MSPS and above. Innovative architec- 
ture using 512 input comparators instead of the traditional 1024 
required by other flash converters reduces input capacitance and 
improves linearity. 


Inputs and outputs are ECL-compatible, 
which makes the 
AD9060 the recommended 
choice for systems with conversion 
rates >30 MSPS, to minimize system noise. An overflow bit is 
provided to indicate analog input signals greater than +VSENSE. 


Voltage sense lines are provided to insure accurate driving of the 
±VREF voltages applied to the units. Quarter-point 
taps on the 
resistor ladder help optimize the integral linearity of the unit. 


Either 68-pin ceramic leaded (gull wing) packages or ceramic 
LCCs are available and are specifically designed for low thermal 
impedances. Two performance grades for temperatures 
of both 0 
to +70°C and - 55°C to + 125°C ranges are offered to allow the 
user to select the linearity best suited for each application. Dy- 
namic performance is fully characterized and production 
tested 
at +25°C. MIL-STD-883 
units are available. 


The AD9060 AID converter is available in versions compliant 
with MIL-STD-883. 
Refer to the Analog Devices Military 
Products Databook 
or current AD9060/883B data sheet for de- 
tailed specifications. 


10-Bit, 75 MSPS 
AID Converter 
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AD9060 - 
SPEC IFICATIONS 


ABSOLUTE 
MAXIMUM 
RATINGS' 
+Vs 
+6 V 


-Vs 
-6 V 
ANALOG IN 
-2 V to +2 V 


+VREF' -VREF, 3/4REF, 1I2REF, lI4nF 
-2 V to +2 V 
+VREF to -VREF 
4.0 V 


ENCODE, 
ENCODE 
0 V to -Vs 


3/4REF, 1I2REF, 1I4REFCurrent 
± 10 mA 
Digital Output Current 
20 mA 
Operating Temperature 
AD9060JElKElJZlKZ 
0 to +70°C 
Storage Temperamre 
-65°C to + 150°C 
Maximum Junction Temperamre2 
•••••••••••••• 
+ 175°C 
Lead Soldering Temp (10 see) 
+300°C 


Test 
AD9060JElJZ 
AD9060KEIKZ 
Parameter 
(Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RESOLUTION 
10 
10 
Bits 


DC ACCURACy3 


Differential Nonlinearity 
+25°C 
I 
1.0 
1.25 
0.75 
1.0 
LSB 
Full 
VI 
1.5 
1.25 
LSB 
Integral Nonlinearity 
+25°C 
I 
1.25 
2.0 
1.0 
1.5 
LSB 
Full 
VI 
2.5 
2.0 
LSB 
No Missing Codes 
Full 
VI 
Guaranteed 


ANALOG INPUT 
Input Bias Current' 
+25°C 
I 
0.4 
1.0 
0.4 
1.0 
mA 
Full 
VI 
2.0 
2.0 
mA 
Input Resistance 
+25°C 
I 
2.0 
7.0 
2.0 
7.0 
kn 
Input Capacitance' 
+25°C 
V 
45 
45 
pF 
Analog Bandwidth 
+25°C 
V 
175 
175 
MHz 


REFERENCE 
INPUT 
Reference Ladder Resistance 
+25°C 
I 
22 
37 
56 
22 
37 
56 
n 


Full 
VI 
14 
66 
14 
66 
n 


Ladder Tempco 
Full 
V 
0.1 
0.1 
orc 
Reference Ladder Offset 
Top of Ladder 
+25°C 
I 
45 
90 
45 
90 
mV 


Full 
VI 
90 
90 
mV 


Bottom of Ladder 
+25°C 
I 
45 
90 
45 
90 
mV 
Full 
VI 
90 
90 
mV 


Offset Drift Coefficient 
Full 
V 
50 
50 
fLVrC 


SWITCHING 
PERFORMANCE 
) 


Conversion Rate 
+25°C 
I 
75 
75 
MSPS 
Aperrure Delay (tA) 
+25°C 
V 
I 
I 
ns 
Aperrure Uncertainty (Jitter) 
+25°C 
V 
5 
5 
ps, rms 


Output Delay (100)' 
+ 25°C 
I 
2 
4 
9 
2 
4 
9 
ns 


Output Rise Time 
+25°C 
I 
1 
3 
I 
3 
ns 


Output Fall Time 
+25°C 
I 
1 
3 
I 
3 
ns 


Output Time Skew' 
+25°C 
I 
1.5 
3 
1.5 
3 
ns 


DYNAMIC PERFORMANCE 
Transient Response 
+25°C 
V 
10 
10 
ns 


Overvoltage Recovery Time 
+25°C 
V 
10 
10 
ns 


Effective Number of Bits (ENOB) 


fIN = 2.3 MHz 
+25°C 
I 
8.7 
9.1 
8.7 
9.1 
Bits 
fIN = 10.3 MHz 
+25°C 
IV 
8.0 
8.6 
8.0 
8.6 
Bits 


fIN = 29.3 MHz 
+25°C 
IV 
7.0 
7.4 
7.0 
7.4 
Bits 


Signal-to-Noise Ratio· 
fIN = 2.3 MHz 
+25°C 
I 
54 
56 
54 
56 
dB 
fIN = 10.3 MHz 
+25°C 
I 
51 
54 
51 
54 
dB 
fIN = 29.3 MHz 
+25°C 
I 
44 
47 
44 
47 
dB 


A-' 
.•.•. , •..•.•.•.•.••••••••..••••.• ,_ 
~ 
__ 
._, 
••• 
__ 


(CONTINUED) 
Signal-to-Noise 
Ratio· 


(Without 
Harmonics) 


fIN = 2.3 MHz 
+25°C 
I 
54 
56 
54 
58 
dB 


fIN = 10.3 MHz 
+25°C 
I 
51 
55 
51 
55 
dB 


fIN = 29.3 MHz 
+25°C 
I 
46 
48 
46 
48 
dB 


Harmonic 
Distonion 
fIN = 2.3 MHz 
+ 25°C 
I 
61 
65 
61 
65 
dBc 
fIN = 10.3 MHz 
+ 25°C 
I 
55 
58 
55 
58 
dBc 


fIN = 29.3 MHz 
+ 25°C 
I 
47 
50 
47 
50 
dBc 


Two-Tone 
Intermodulation 
Distortion 
Rejection' 
+ 25°C 
V 
70 
70 
dBc 


Differential 
Phase 
+ 25°C 
V 
0.5 
0.5 
Degree 


Differential 
Gain 
+ 25°C 
V 
I 
I 
% 


ENCODE 
INPUT 
Logic "I" 
Voltage 
Full 
VI 
-1.1 
-1.1 
V 
Logic "0" 
Voltage 
Full 
VI 
-1.5 
-1.5 
V 
Logic" 
I" Current 
Full 
VI 
150 
300 
150 
300 
fl-A 
Logic "0" 
Current 
Full 
VI 
150 
300 
150 
300 
fl-A 
Input 
Capacitance 
+25OC 
V 
5 
5 
pF 
Pulse Width 
(High) 
+25OC 
I 
6 
6 
ns 
Pulse Width 
(Low) 
+25°C 
I 
6 
6 
ns 


DIGITAL 
OUTPUTS 
Logic "I" 
Voltage 
Full 
VI 
-1.1 
-1.1 
V 
Logic "0" 
Voltage 
Full 
VI 
-1.5 
-1.5 
V 


POWER 
SUPPLY 
+ Vs Supply 
Current 
+25OC 
VI 
420 
500 
420 
500 
mA 


Full 
VI 
500 
500 
mA 


- Vs Supply 
Current 
+25°C 
VI 
150 
180 
150 
180 
mA 


Full 
VI 
190 
190 
mA 


Power 
Dissipation 
+25°C 
VI 
2.8 
3.3 
2.8 
3.3 
W 
Full 
VI 
3.5 
3.5 
W 
Power 
Supply 
Rejection 
Ratio (PSRR)8 
Full 
VI 
6 
10 
6 
10 
mVN 


• 


NOTES 
IAbsolute 
maximum 
ratings 
are limiting 
values 
to be applied 
individually, 
and beyond 
which 
the serviceability 
of the circuit 
may be impaired. 
Functional 
operability 
is not necessarily 
implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for an extended 
period 
of time may affect device 
reliability. 
'Typical Ihennal impedances (pan soldered onto board): 68-pin leaded ceramic chip carrier: 
D1C = IOCIW;D1A 
~ 
17"CIW(no air flow); D1A = lS"CIW 
(air flow ~ SOOLFM). 68-pin ceramic LCC: Dlc = 2.6°CIW; D1A = lSoCIW (no air flow); D)A 
~ 
l3"CIW (air flow = SOOLFM). 
33/4REF• 
1/2REF• 
and 1/4REF 
reference 
ladder 
taps are driven 
from dc sources 
at +0.875 
V, 0 V. and -0.875 
V. respectively. 
Outputs 
terminated 
through 
100 n 
to -2.0 V; CL < 4 pF. 
Accuracy 
of the overflow 
comparator 
is not tested 
and not included 
in linearity 
specifications. 
'Measured with ANALOG IN = +VSENSE' 
50utput 
delay measured 
as worst-case 
time from 
50% point 
of the rising 
edge of ENCODE 
to 50% point 
of the slowest 
rising 
or falling 
edge of Do-DO}. Output 
skew 
measured 
as worst-case 
difference 
in output 
delay among 
Do-D9. 


6RMS 
signal 
to rms noise 
with analog 
input 
signal 
1 dB below 
full scale at specified 
frequency. 


7Intermodulation 
measured 
with analog 
input 
frequencies 
of 2.3 MHz 
and 3.0 MHz 
at 7 dB below 
full scale. 
'Measured 
as the ratio of the worst-case 
change 
in transition 
voltage 
ofa 
single 
comparator 
for a 5% change 
in +Vs 
or -Vs' 


Specifications 
subject 
to change 
without 
notice. 


EXPLANATION 
OF TEST 
LEVELS 
Test Level 


I 
- 
100% production 
tested. 


II 
- 
100% production 
tested at + 25°C, and sample tested at 
specified temperatures. 


III 
- 
Sample tested only. 


IV - 
Parameter is guaranteed by design and characterization 
testing. 


V 
- 
Parameter is a typical value only. 


VI 
All devices are 100% production tested at +25°C. 
100% production 
tested at temperature 
extremes for 
extended temperature 
devices; sample tested at temper- 
ature extremes for commercial/industrial 
devices. 


Temperature 
Package 
Device 
Range 
Option' 


AD9060JZ 
o to +70°C 
Z-68 
AD9060JE 
Oto +70°C 
E-68A 
AD9060KZ 
o to +70°C 
Z-68 
AD9060KE 
o to +70°C 
E-68A 
AD9060SZ2 
- 55°C to + 125°C 
Z-68 
AD9060SE2 
- 550Cto +125°C 
E-68A 
AD9060TZ2 
-55OC to + 125°C 
Z-68 
AD9060TE2 
-55°C to + 125°C 
E-68A 
AD9060IPCB 
o to +70°C 
Evaluation Board 


NOTES 
IE = Ceramic Leadless Chip Carrier; Z = Ceramic Leaded Chip Carrier. 
For outline 
information 
see Package 
Information 
section. 
2For specifications, 
refer to Analog 
Devices 
Military Prod~ts Databook. 
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D. 
0, 
0, 


0, 


Do (lSB) 


GROUND 


GROUND 
-Y, 
.Y, 


ENCODE 


ENCODE 


+VAEF 


.VSEHSE 


GROUND 


0, 
0, 
0, 
0, 


0, (MSB) 


OVERFLOW 


GROUND 


GROUND 
-Y, 


• 
NC 


-YAEl' 


-VSENSE 


LSBs INVERT 


DIE LAYOUT 
AND MECHANICAL 
INFORMATION 
Die Dimensions 
206 x 140 x IS (±2) mils 


Pad Dimensions 
4 x 4 mils 


Metalization 
Gold 
Backing 
None 
Substrate Potential 
- Vs 


Passivation 
........................•.... 
Nitride 


NC 


+VSENSE 


+VREF 


ENCODE 
ENCODE 
'Vs 
-Vs 


GND 
GND 


(LSB)0, 
0, 
0, 
0, 
D. 


NC 
GND 
NC 
• 


2, 16, 28, 29, 35, 
41,42,54,64 


3, 6, 15, 30, 33, 34, 
37,40,65,68 


4,5,17,18,25,27, 
31, 32, 36, 38, 39,43, 
45, 52, 53, 66, 67 


7 


8,9 


11 


19-23,46-50 


51 


NC 


LSBs 
INVERT 
NC 


-VSEMSE 
-VREF 
NC 
-Ys 
GND 
GND 
OVERFLOW 
D.IMSB) 
D. 
0, 
D. 
0, 
GND 
NC 


Name 


l/2REF 
-Vs 


Function 


Midpoint of internal reference ladder. 


Negative supply voltage; nominally -5.2 
V :!:5%. 


All ground pins should be connected together and to low- 
impedance ground plane. 


3/4REF 


ANALOG IN 


Three-quarter 
point of internal reference ladder. 


Analog input; nominally between :!:1.75 V. 


Voltage sense line to most positive point on internal resistor 
ladder. Normally + 1.75 V. 


Voltage force connection for top of internal reference ladder. 
Normally driven to provide + 1.75 V at + VSENSE' 


Differential ECL convert signal which starts digitizing process. 


ECL-compatible 
convert command used to begin digitizing 
process. 


ECL-compatible 
digital output data. 


ECL-compatible 
output indicating ANALOG IN > 


+VSENSE' 


Voltage force connection for bottom of internal reference 
ladder. Normally driven to provide -1.75 
V at -V SENSE' 
Voltage sense line to most negative point on internal resistor 
ladder. Normally -1.75 
V. 


Normally grounded. 
When connected to +Vs, lower order 


bits (Do-D.) 
are inverted. Not ECL-compatible. 


Normally grounded. When connected to +Vs, most 
significant bit (MSB; D.) is inverted. Not ECL-eompatib1e. 


One-quarter 
point of internal reference ladder. 


ENCODE 


ENCODE 


Do-D. 


OVERFLOW 


MIL-STD-883 
Compliance 
Information 
The AD9060 devices are classified within Microcircuits Group 
57, Technology Group D (bipolar ND converters) and are con- 
structed in accordance with MIL-STD-883. 
The AD9060 is 
electrostatic sensitive and falls within electrostatic sensitivity 
classification Class I. Percent Defective Allowance (PDA) is 
computed based on Subgroup I of the specified Group A test 
list. Quality Assurance (QA) screening is in accordance with 
Alternate Method A of Method 5005. 
The following apply: Burn-In per 1015; Life Test per 1005; 
Electrical Testing per 5004. (Note: Group A electrical testing 
assumes TA = Tc = TJ.) 
MIL-STD-883-compliant 
devices are 
marked with "C" to indicate compliance. 


-Ys 


2,16,28.29,35, 
41,42,54,64 
STATIC: ADI = -2V; AD 2. 
ECl HIGH 
AD3 = ECl lOW 
DYNAMIC:ADI = t2V TRIANGLE WAVE 
AD2,AD3 = ECl PULSE TRAIN 


THEORY 
OF OPERATION 
Refer to the AD9060 block diagram. As shown, the AD9060 
uses a modified "flash," or parallel, ND architecture. 
The ana- 
log input range is determined by an external voltage reference 
(+ VREF and -V REF)' 
nominally ± I. 75 V. An internal resistor 
ladder divides this reference into 512 steps, each representing 
two quantization 
levels. Taps along the resistor ladder (1I4REF, 


112REF and 3/4REF) are provided to optimize linearity. Rated 
performance is achieved by driving these points at 114, 112 and 
3/4, respectively, of the voltage reference range. 


The ND conversion for the nine most significant bits (MSBs) is 
performed by 512 comparators. 
The value of the least significant 
bit (LSB) is determined 
by a unique interpolation 
scheme 
between adjacent comparators. 
The decoding logic processes the 
comparator outputs and provides a 10-bit code to the output 
stage of the converter. 


Flash architecture 
has an advantage over other ND architectures 
because conversion occurs in one step. This means the perfor- 
mance of the converter is limited primarily by the speed and 
matching of the individual comparators. 
In the AD9060, an 
innovative interpolation 
scheme takes advantage of flash archi- 
tecture but minimizes the input capacitance, power and device 
count usually associated with that method of conversion. 


These advantages occur because of using only half the normal 
number of input comparator cells to accomplish the conversion. 
In addition, a proprietary 
decoding scheme minimizes error 
codes. Input control pins allow the user to select from among 
Binary, Inverted Binary, Twos Complement and Inverted Twos 
Complement coding (See AD9060 Truth Table). 


APPLICATIONS 
Many of the specifications used to describe analog/digital con- 
verters have evolved from system performance requirements 
in 
these applications. Different systems emphasize particular speci- 
fications, depending on how the part is used. The following 
applications highlight some of the specifications and features 
that make the AD9060 attractive in these systems. 


Wide band Receivers 
Radar and communication 
receivers (baseband and direct IF 
digitization), ultrasound medical imaging, signal intelligence and 
spectral analysis all place stringent ac performance requirements 
on analog-to-digital converters (ADCs). Frequency domain char- 
acterization of the AD9060 provides signal-to-noise ratio (SNR) 
and harmonic distortion data to simplify selection of the ADC. 


Receiver sensitivity is limited by the Signal-to-Nuise Ratio 
(SNR) 
of the system. The SNR for an ADC is measured in the 
frequency domain and calculated with a Fast Fourier Transform 
(FFT). 
The SNR equals the ratio of the fundamental compo- 
nent of the signal (rms amplitude) to the rms value of the 
"noise." 
The noise is the sum of all other spectral components, 


including harmonic distortion, 
but excluding dc. 


Good receiver design minimizes the level of spurious signals in 
the system. Spurious signals developed in the ADC are the 
result of imperfections in the device transfer function (non- 
linearities, delay mismatch, varying input impedance, etc.). In 
the ADC, these spurious signals appear as Harmonu Distortion. 
Harmonic Distortion is also measured with an FFT and is speci- 
fied as the ratio of the fundamental component of the signal 
(rms amplitude) to the rms value of the worst case harmonic 
(usually the 2nd or 3rd). 


Two-Tone Intermodulation Distortion (IMD) is a frequendy cited 
specification in receiver design. In narrow-band 
receivers, third- 


order IMD products result in spurious signals in the pass band 
of the receiver. Like mixers and amplifiers, the ADC is charac- 
terized with two, equal-amplitude, 
pure input frequencies. The 
IMD equals the ratio of the power of either of the two input 
signals to the power of the strongest third-order 
IMD signal. 


Unlike mixers and amplifiers, the IMD does not always behave 
as it does in linear devices (reduced input levels do not result in 
predictable reductions in IMD). 


Performance graphs provide typical harmonic and SNR data for 
the AD9060 for increasing analog input frequencies. In choosing 
an ND converter, always look at the dynamic range for the ana- 
log input frequency of interest. The AD9060 specifications pro- 
vide guaranteed minimum limits at three analog test frequencies. 


Aperture Delay is the delay between the rising edge of the 
ENCODE 
command and the instant at which the analog input 
is sampled. Many systems require simultaneous sampling of 
more than one analog input signal with multiple ADCs. In these 
situations, timing is critical and the absolute value of the aper- 
ture delay is not as critical as the matching between devices. 


Aperture Uncertainty, or jitter, is the sample-to-sample variation 
in aperture delay. This is especially important when sampling 
high slew rate signals in wide bandwidth systems. Aperture 
uncertainty is one of the factors which degrades dynamic perfor- 
mance as the analog input frequency is increased. 


Digitizing Oscilloscopes 
Oscilloscopes provide amplitude information about an observed 
waveform with respect to time. Digitizing oscilloscopes must 
accurately sample this signal, without distorting the information 
to be displayed. 


One figure of merit for the ADC in these applications is Effec- 
tive Number of Bits (ENOBs). 
ENOB is calculated with a sine 
wave curve fit and equals: 


ENOB = N - LOG, [Error (measured)/Error 
(ideal)] 


N is the resolution (number of bits) of the ADC. The measured' 
error is the actual rms error calculated from the converter out- 
puts with a pure sine wave input. 


The Analog Bandwidth of the converter is the analog input fre- 
quency at which the spectral power of the fundamental signal is 
reduced 3 dB from its low frequency value. The analog band- 
width is a good indicator of a converter's slewing capabilities. 


The Maximum Conversion Rate is defined as the encode rate at 
which the SNR for the lowest analog signal test frequency tested 
drops by no more than 3 dB below the guaranteed limit. 


Imaging 
Visible and infrared imaging systems both require similar char- 
acteristics from ADCs. The signal input (from a CCD camera, 
or multiplexer) is a time division multiplexed signal consisting of 
a series of pulses whose amplitude varies in direct proportion 
to 
the intensity of the radiation detected at the sensor. These vary- 
ing levels are then digitized by applying encode commands at 
the correct times, as shown below. 
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The actual resolution of the converter is limited by the thermal 
and quantization noise of the ADC. The low frequency test for 
SNR or ENOB is a good measure of the noise of the AD9060. 
At this frequency, the static errors in the ADC determine the 
useful dynamic range of the ADC. 


Although the signal being sampled does not have a significant 
slew rate, this does not imply dynamic performance is not 
important. 
The Tramient Respome and Overvoltage Recovery 
Time specifications insure that the ADC can track full-scale 
changes in the analog input sufficiently fast to capture a valid 
sample. 


Transient Response is the time required for the AD9060 to 
achieve full accuracy when a step function is applied. Overvolt- 
age Recovery Time is the time required for the AD9060 to 
recover to full accuracy after an analog input signal 150% of full 
scale is reduced to the full-scale range of the converter. 


Professional 
Video 
Digital Signal Processing (DSP) is now common in television 
production. 
Modern studios rely on digitized video to create 
state-of-the-art 
special effects. Video instrumentation 
also 
requires high resolution ADCs for studio quality measurement 
and frame storage. 


The AD9060 provides sufficient resolution for these demanding 
applications. Conversion speed, dynamic performance and ana- 
log bandwidth are suitable for digitizing both composite and 
RGB video sources. 


USING THE AD9060 
Voltage References 
The AD9060 requires that the user provide two voltage refer- 
ences: +VREF and - VREF' 
These two voltages are applied 
across an internal resistor ladder (nominally 37 0) and set the 
analog input voltage range of the converter, The voltage refer- 
ences should be driven from a stable, low impedance source. In 
addition to these two references, three evenly spaced taps on the 
resistor ladder (l/4REF, 
l/2REF, 
3/4REF) are available. Providing 
a reference to these quarter points on the resistor ladder will 
improve the integral linearity of the converter and improve ac 
performance. 
(AC and de specifications are tested while driving 
the quarter points at the indicated levels.) The figure below is 
not intended to show the transfer characteristic of the ADC, but 
illustrates how the linearity of the device is affected by reference 
voltages applied to the ladder. 


W 
Qo 
U 
~ 
1סס0oooooo 
5o 


Resistance between the reference connections and the taps of the 
first and last comparators causes offset errors. These errors, 
called "top and boltom of the ladder offsets," can be nulled by 
using the voltage sense lines, +VSENSE 
and - VSENSE' 
to adjust 
the reference voltages. Current through the sense lines should be 
limited to less than 100 fLA.Excessive current drawn through 
the voltage sense lines will affect the accuracy of the sense line 
voltage. 


The next page shows a reference circuit which nulls out the off- 
set errors using two op amps and provides appropriate voltage 
references to the quarter-point 
taps. Feedback from the sense 
lines causes the op amps to compensate for the offset errors. 
The two transistors limit the amount of current drawn directly 
from the op amps; resistors at the base connections stabilize 
their operation. The 10 kO resistors (Rl-R4) 
between the volt- 
age sense lines form an external resistor ladder; the quarter 
point voltages are taken off this external ladder and buffered by 
an op amp. The actual values of resistors Rl-R4 
are not critical, 
but they should match well and be large enough ("" 10 kO) to 
limit the amount of current drawn from the voltage sense lines. 


The select resistors (Rs) shown in the schematic (each pair can 
be a potentiometer) 
are chosen to adjust the quarter-point 
volt- 
age references, but are not necessary if Rl-R4 
match within 
0.05%. 
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An alternative approach for defming the quarter-point 
references 
of the resistor ladder is to evaluate the integral linearity error of 
an individual device, and adjust the voltage at the quarter-points 
to minimize this error. This may improve the low frequency ac 
performance of the converter. 


Performance of the AD9060 has been optimized with an analog 
input voltage of ± 1.75 V (as measured at ± VSENSE)' 
If the ana- 
log input range is reduced below these values, relatively larger 
differential nonlinearity errors may result because of comparator 
mismatches. As shown in the figure below, performance of the 
converter is a function of ± VSENSE' 


Applying a voltage greater than 4 V across the internal resistor 
ladder will cause current densities to exceed rated values, and 
may cause permanent damage to the AD9060. The design of 
the reference circuit should limit the voltage available to the 
references. 


Analog Input Signal 
The signal applied to ANALOG IN drives the inputs of 512 
parallel comparator cells (see Equivalent Analog Input figure). 
This connection typically has an input resistance of 7 kO, and 
input capacitance of 45 pF. The input capacitance is nearly con- 
stant over the analog input voltage range, as shown in the graph 
which illustrates that characteristic. 


The analog input signal should be driven from a low distortion, 
low noise amplifier. A good choice is the AD9617, a wide band- 
width, monolithic operational amplifier with excellent ac and de 
performance. The input capacitance should be isolated by a 
small series resistor (24 0 for the AD96l7) to improve the ac 
performance of the amplifier (see AD9060IPCB 
Evaluation 
Board Block Diagram). 
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Timing 
In the AD9060, the rising edge of the ENCODE 
signal triggers 
the AiD conversion by latching the comparators. 
(See the 
AD9060 Timing Diagram.) These ENCODE 
and ENCODE 
signals are ECL compatible and should be driven differentially. 
Jitter on the ENCODE 
signal will raise the noise floor of the 
converter. 
Differential signals, with fast clean edges, will reduce 
the jitter in the signal, and allow optimum ac performance. 
In 
applications with a fixed, high frequency encode rate, converter 
performance is also improved (jitter reduced) by using a crystal 
oscillator as the system clock. 


The AD9060 units are designed to operate with a 50% duty cy- 
cle encode signal; adjustment of the duty cycle may improve the 
dynamic performance of individual devices. Since the ENCODE 
and ENCODE 
signals are differential, the logic levels are not 
critical. Users should remember, 
however, that reduced logic 
levels will reduce the slew rate of the edges, and effectively in- 
crease the jitter of the signal. ECL terminations for the EN- 
CODE and ENCODE 
signals should be as close as possible to 
the AD9060 package to avoid reflections. 


In systems where only single-ended signals are available, the use 
of a high speed comparator (such as the AD96685) is recom- 
mended to convert to differential signals. An alternative is to 
connect + 1.3 V (ECL midpoint) to ENCODE 
and drive the 
ENCODE 
connection single ended. In such applications, clean, 
fast edges are necessary to minimize jitter in the signal. 


Output data of the AD9060, Do-D9 and OVERFLOW, 
are also 
ECL compatible, and should be terminated through 100 n to 
-2 V (or an equivalent load). 


Data Format 
The format of the output data (Do-D9) 
is controlled by the 
MSB INVERT 
and LSBs INVERT 
pins. These inputs are de 
control inputs, and should be connected to GROUND 
or +Vs. 


The AD9060 Truth Table gives information to choose from 
among Binary, Inverted Binary, Twos Complement and In- 
verted Twos Complement coding. 


The OVERFLOW 
output is an indication that the analog input 
signal has exceeded the voltage at +VSENSE' 
The accuracy of 
the overflow transition voltage and output delay are not tested 


or included in the data sheet limits. Performance of the overflow 
indicator is dependent on circuit layout and slew rate of the en- 
code signal. The operation of this function does not affect the 
other data bits (Do-D9). 
It is not recommended 
for applications 
requiring a critical measure of analog input voltage. 


Layout and Power Supplies 
Proper layout of high speed circuits is always critical but is par- 
ticularly important when both analog and digital signals are 
involved. 


Analog signal paths should be kept as short as possible and be 
properly terminated to avoid reflections. The analog input volt- 
age and the voltage references should be kept away from digital 
signal paths; this reduces the amount of digital switching noise 
that is capacitively coupled into the analog section of the circuit. 


Digital signal paths should also be kept short, and run lengths 
should be matched to avoid propagation delay mismatch. Termi- 
nations for ECL signals should be as close as possible to the re- 
ceiving gate. 


In high speed circuits, layout of the ground circuit is a critical 
factor. A single, low impedance ground plane, on the compo- 
nent side of the board, will reduce noise on the circuit ground. 
Power supplies should be capacitively coupled to the ground 
plane to reduce noise in the circuit. Multilayer boards allow de- 
signers to layout 
signal traces without interrupting 
the ground 
plane and provide low impedance power planes. 


It is especially important to maintain the continuity of the 
ground plane under and around the AD9060. In systems with 
dedicated digital and analog grounds, all grounds of the AD9060 
should be connected to the analog ground plane. 


The power supplies (+ Vsand 
- Vs) of the AD9060 should 
be isolated from the supplies used for external devices; this 
further reduces the amount of noise coupled into the AiD con- 
verter. Sockets limit the dynamic performance and should be 
used only for prototypes or evaluation - PCK Elastomerics 
Part No. CCS-68-55 is recommended for the LCC package. 
(Tel. 215-672-0787) 


An evaluation board is available to aid designers and provide a 
suggested layout. 
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Offset Binary 
Twos Complement 


Step 
Range 
True 
Inverted 
True 
Inverted 


0= 
-1.75 
V 
MSB INV = "0" 
MSB INV = "I" 
MSBINV = "I" 
MSBINV = "0" 
FS = +1.75 
V 
LSBs INV = "0" 
LSBs INV = "I" 
LSBs INV = "0" 
LSBs INV = "I" 


1024 
>+ 
1.7500 
(I) III III 1111 
(I )00000סס oo0 
(1)0111111111 
(I) 1000000000 
1023 
+ 1.7466 
1111111111 
0000000000 
0111111111 
1סס oo00000 
1022 
+ 1.7432 
1111111110 
000000ooo1 
0111111110 
1000ooo001 


512 
+0.0034 
1000000000 
0111111111 
0000000000 
1111111111 
511 
0.000 
0111111111 
1סס0oooooo 
1111111111 
000ס0ooooo 
510 
-0.0034 
0111111110 
10ס0ooooo1 
1111111110 
00000סס oo1 


02 
-1.7432 
0ס0ooooo10 
1111111101 
1ס0ooooo10 
0111111101 
01 
-1.7466סס0oooooo1 
1111111110 
10ס0ooooo1 
0111111110 
00 
<-1.7466 
000ס0ooooo 
1111111111 
10סס oo0000 
0111111111 
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0, 
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O. 
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OVERFLOW 


TO ERROR 
WAVEFORM 
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AD9060IPCB EVALUATION 
BOARD 
The AD9060IPCB Evaluation Board is available from the factory 
and is shown here in block diagram form. The board includes a 
reference circuit that allows the user to adjust both references 
and the quarter-point 
voltages. The AD9617 is included as the 
drive amplifier, and the user can configure the gain from - 1 
to -IS. 
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OUTPUT 
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CONNECTOR 


On-board reconstruction 
of the digital data is provided through 
the AD9712, a 12-bit monolithic DAC. The analog and recon- 
structed waveforms can be summed on the board to allow the 
user to observe the linearity of the AD9060 and the effects of 
the quarter-point 
voltages. The digital data and an adjustable 
Data Ready signal are available via a 37-pin edge connector. 


AD ADC71/AD ADC72 


FEATURES 
Complete 
16-Bit Converter 
With Reference 
and Clock 
:!:0.003% Maximum 
Nonlinearity 
No Missing 
Codes to 14 Bits 
Fast Conversion 
- 
35J.LS (14 Bit) 
Short Cycle Capability 
Parallel and Serial Logic Outputs 
Low Power: 645mW Typical 
Industry 
Standard 
Pin Out 


PRODUCT 
DESCRIPTION 
The AD ADC7l 
and AD ADCn are high resolution 
l6-bit 
hybrid IC analog-to-digital 
converters including reference, clock, 
and laser-trimmed 
thin-film components. The package is a compact 
32-pin hermetic ceramic DIP. The thin-film scaling resistors 
allow analog input ranges of ±2.5V, 
±5V, 
±IOV,Oto 
+5V,0 
to + 10V, and 0 to +20V. 


Important performance characteristics of the devices are maximum 
linearity error of ± 0.003% of FSR (AD ADC7lK, 
AD ADCnK 
and B), and maximum conversion time of 50f.Ls.This performance 
is due to innovative design and the use of proprietary 
monolithic 
D/A converter chips. Laser-trimmed 
thin-fI1m resistors provide 
the linearity and wide temperature 
range for no missing codes. 


The AD ADC7l 
and AD ADCn provide data in parallel form 
with corresponding 
clock and status outputs. 
The AD ADC7l 
also provides data in serial form. All digital inputs and outputs 
are TTL compatible. 


APPLICATIONS 
The AD ADC7l 
and AD ADCn are excellent for use in appli- 
cations requiring 
14-bit accuracy over extended temperature 
ranges. Typical applications include medical and analytic in- 
strumentation, 
precision measurement 
for industrial 
robots, 
automatic test equipment 
(ATE), multichannel 
data acquisition 
systems, servo control systems and anywhere that excellent 
stability and wide dynamic range in the smallest space is 
required. 


• 


PRODUCT 
HIGHLIGHTS 
I. The AD ADC7l and AD ADCn provide 16-bit resolution 
with maximum linearity error less than ±0.003% 
(±0.006% 


for J and A grades) at 25°C. 


2. Conversion time is 35f.Lstypical to 14 bits with short cycle 
capability. 


3. Two binary codes are available on the AD ADC71 and AD 
ADCn output. 
They are complementary 
straight binary 


(CSB) for unipolar input voltage ranges and complementary 
offset binary (COB) for bipolar input ranges. Complementary 
two's complement (CTC) coding may be obtained by inverting 
Pin I (MSB). 


4. The proprietary 
chips used in this hybrid design provide 
excellent stability over temperature 
and lower chip count for 
improved reliability. 


Linearity Error 
Specification 
Model 
(Mu) 
Temp Range 
Package Option· 


ADADC7lJD 
± 0.006% ofFSR 
Oto + 70°C 
Ceramic (DH-32E) 
ADADC7lKD 
±0.003%ofFSR 
Oto +70°C 
Ceramic (DH-32E) 
ADADCnJD 
± 0.006% ofFSR 
Oto + 70°C 
Ceramic (DH-32E) 
ADADCnKD 
± 0.003% ofFSR 
Oto + 70°C 
Ceramic (DH-32E) 
ADADCnAD 
± 0.006% ofFSR 
- 25°C to + 85°C 
Ceramic (DH-32E) 
ADADCnBD 
±0.003%ofFSR 
- 25°C to + 85°C 
Ceramic (DH-32E) 


ANALOG 
INPUTS 
Voltage Ranges 
Bipolar 
±2.5, 
±5, 
±10 
* 
* 
Volts 
Unipolar 
oto +5,010 
+ 1O,0to +20 · 
· 
Volts 
Impedance 
(Direct Input) 


Oto +5V, 
±2.5V 
1.88 
* 
* 
ill 
Oto+10V,±5.0V 
3.75 
· 
· 
ill 
010 +20V, ± toV 
7.50 
· 
· 
ill 


DIGITAL 
INPUTS' 
Convert Command 
Positive Pulse SOnsWide (min) Trailing 
Edge Initiates Conversion 
Logic Loading 
I(max) 
• 
* 
LSTTLLoad 


TRANSFER 
CHARACTERISTICS 
ACCURACY 
Gain Error 
±O.12( 
:0.2 
max) 
* 
· 
% 
Offset Error 
Unipolar 
±O.052( 
±O.l max) 
· 
* 
%ofFSR' 
Bipolar 
±O.12(±O.2max) 
* 
· 
%ofFSR 
Linearity Error (max) 
±0.006(J) 
±0.006(J) 
± 0.006 (A) 
%ofFSR 
±0.003(K) 
±0.003(K) 
± 0.003 (B) 
%ofFSR 
Inherent Quantization 
Error 
± 1/2 
* 
· 
LSB 
Differential 
Linearity 
Error 
±0.003 
· 
· 
%ofFSR 
NoMissingCodes@25OC" 
To 14 Bits (KGrade) 
* 
To 14 Bits (B Grade) 
Guaranteed 


POWER 
SUPPLY 
SENSITIVITY 


± 15Vde 
0.003 
* 
· 
%ofFSRI%~Vs 
+5Vde 
0.001 
* 
· 
- 
%ofFSRI%~Vs 


CONVERSION 
TIME' 
(14 BITS) 
35 (50max) 
· 
· 
"s 


WARM-UPTIME 
S(min) 
· 
· 
Minutes 


DRIFT 
Gain 
± 15 (max) 
± IO(±20max) 
+7(± 
15max) 
ppmJ'C 
Offsel 
Unipolar 
±2(±4max) 
±2(±4max) 
±2(±4max) 
ppmofFSRrC 
Bipolar 
± IO(max) 
±8(±10max) 
±5(± 
lOmax) 
ppmofFSRrC 
Linearity 
±2(3max) 
± 1.5 (2 max) 
± 1.0(2max) 
ppmofFSRrC 
Guaranteed 
No Missing Code 


Temperature 
Range" 
71JD, 72JD, 72AD (13 Bits) 
01070 
· 
· 


OC 


71KD, 72KD, 
72BD(14 
Bits) 


DIGITAL 
OUTPUT' 


(All Codes Complementary) 


Parallel and Serial 
Output 
Codes6 
Unipolar 
CSB 
* 
· 
Bipolar 
COB,CTC' 
· 
· 
Output 
Drive 
5 
· 
· 
LSTTLLoads 
Slams 
Logic "I" 
During Conversion 
Status Output 
Drive 
5 (max) 
· 
· 
LSTTLLoads 
Internal Clock 
Clock Output 
Drive 
5 (max) 
* 
· 
LSTTLLoads 
Frequency 
400 
· 
· 
kHz 


INTERNAL 
REFERENCE 
VOLTAGE 
6.3 
· 
* 
Vde 
Error 
±5max 
· 
· 
% 
Max External Current 
Drain 
With no Degradation 
of Specs 
±200max 
· 
* 
~ 
Tempera[UreCoefficient 
± lOmax 
* 
±5max 
ppmrc 


POWER 
SUPPLY 
REQUIREMENTS 
Power Consumption 
645 (850 max) 
· 
· 
mW 
Rated VOltage, Analog 
± 15 ±0.5max 
· 
* 
Vde 
Rated Voltage, Digital 
+5 
±O.25max 
· 
· 
Vde 
Supply Drain + 15V dc 
+16 
· 
* 
mA 
Supply Drain -15V 
de 
-21 
· 
· 
mA 
Supply Drain + 5V dc 
+ 18 
· 
· 
mA 


TEMPERATURE 
RANGE 
Specification 
Oto+70 
· 
-25to+85 
OC 


Operating(Deraled 
Specs) 
-25<0+85 
· 
-2510+125 
OC 


Storage 
- 5510 + 125 
· 
· 
OC 


NOTES 


I Logic "0" 
:: O.8V, max. Logic "I" 
:: 2.0V, min for inputs. 
For digital OUtputS Logic "0":: 
+O.4V max. LosK:: "." 
= 2.4V min. 
lAdjustablc 
to uro. 
)FulIScaieRange. 
4For definition 
of"No 
MissinB Codes," 
refer to Theory 
ofOpention 
«(uti dati sheet.) 
'Convenion 
time may be shortened 
with "Short 
Cycle" set (or lower resolution. 
'csB-Comp!cllKntary 
Straisht Binary. COB-Compkml:ntary 
Offsct Binary. CTC-Complementlr)' 
Twos Complement. 
7crCcodingobtaincd 
by inverting 
MSB(Pin 
.). 


*SpecificationssameasADAOC7IJD, 
KD. 
Specifications 
subject 
lochange 
without 
notice. 
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FEATURES 
True 12-Bit Operation: 
Max Nonlinearity 
±O.012% 
Low Gain T.C.: ±30ppmfC 
max 
Low Power: 800mW 
Fast Conversion Time: 25~s 
Precision 6.3V Reference for External Application 
Short-Cycle 
Capability 
Serial or Parallel Data Outputs 
Monolithic 
CAC with Scaling Resistors for Stability 
Low Chip Count-High 
Reliability 
Industry Standard 
Pinout 
"z" Models for ±12V Supplies 


PRODUCT DESCRIPTION 
The AD ADC80 is a complete 12-bit successive approximation 
analog-to-digital converter that includes an internal clock, refer- 
ence and comparator. 
Its hybrid IC design utilizes MSI digital 


and linear monolithic chips in conjunction with a 12-bit mono- 
lithic DAC to provide modular performance and versatility with 
IC size, price and reliability. 


Important 
performance characteristics of the AD ADC80 in- 
clude a maximum linearity error at +2SoC of ±0.012%, max 
gain T.e. of 30ppmtC, 
typical power dissipation of 800mW 
and max conversion time of 2S~s. Monotonic operation of the 
feedback DI A converter guarantees no missing codes over the 
temperature 
range of -25°C to +8SoC. 


The design of the AD ADC80 includes scaling resistors that 
provide analog signal ranges of ±2.S, 
±S.O, ±10, 0 to +5 or 0 
to +10 volts. The 6.3V precision reference may be used for ex- 
ternal applications. All digital signals are fully DTL and TTL 
compatible; output data may be read in both serial and par- 
allel form. 


The AD ADC80 is available in two performance grades, the 
AD ADC80-12 (0.012% of FSR max) and the AD ADC80-10 
(0.048% of FSR max). Both grades are specified for use over 
the -25°C 
to +8SoC temperature 
range and both arc available 
in a 32-pin ceramic DIP. 


12-Bit Successive Approximation 
Integrated 
Circuit AID Converter 


AD ADCeD 
I 


+5VANALOG 
SUPPLY 


~B 


+5V 
DIGITAL 
SUPPLY 


BIT 7 • 


BIT 
B 


BIT 
9 


12·e1T 
SAR 
BIT10 


BIT 
" 


BIT 
12 LSB 


SERIAL 
OUT 


-15VOR 
-12V 


REF 
OUT 
(6.3VI 


CLOCK 
OUT 


STATUS 


SHORT 
CYCLE 


CLOCK 
INHIBIT 


EXTERNAL 
CLOCK 
IN 


CONVERT 
START 


AD ADC80 
+15VOR+12V 


DIGITALGND 


COMPARATOR 
IN 


BIPOLAR 
OFFSET 
OUT 


10VSPAN 
IN 


PRODUCT HIGHLIGHTS 
1. The AD ADC80 is a complete 12-bit AID converter. No 
external components are required to perform a conversion. 


2. A monolithic 12-bit feedback DAC is used for reduced 
chip count and higher reliability. 


3. The internal buried zener reference is laser trimmed to 6.3 
volts. The reference voltage is available externally and can 
supply up to 1.5mA beyond that required for the reference 
and bipolar offset current. 


4. The scaling resistors are included on the monolithic DAC 
for exceptional thermal tracking. 


5. The AD ADC80 directly replaces other devices of this type 
with significant increases in performance. 


6. The fast conversion rate of the AD ADC80 makes it an 
excellent choice for applications requiring high system 
throughput 
rates. 


7. The short cycle and external clock options are provided for 
applications requiring faster conversion speeds or lower 
resolutions. 


AD ADC80 - 
SPECIFICATIONS 
(typical @ +25°C, 
±15V and +5V unless otherwise specified) 


MODEL 


RESOLUTION 


ANALOG INPUTS 
Voltage 
Ranges 


Bipolar 
Unipolar 
Impedance 
(Direct 
Input) 
ov to +5V, 
±2.5V 
ov to +10V, 
±5V 


±IOV 


DIGITAL 
INPUTS! 


Convert 
Command 


J.SHl 


SkU 
10kU 


Positive 
Pulse 
lOOns 
Wide 
(min) 
("0" 
to "I" 
Initiates 
Conversion) 


ITTL 
Load 
ITTL 
Load 


TRANSFER 
CHARACTERISTICS 
ERROR 
Gain 
Error1 
to.l % of FSR) 


Offset 
Error2 


Unipolar 
to.oS% of FSR 


Bipolar 
to.l% of FSR 


Linearity 
Error 
(max)4 
to.012% 
of FSR 
to.048% 
of 
FSR 
Inherent Quantization 
Error 
±1I2LSB 
Differential 
Linearity Error 
±1I2LSB 
No Missing Codes Temperature 
Range 
_25°C (0 +8SoC 


Power 
Supply 
Sensitivity 
±lSV 
±O.0030% 
of FSR/% 
Vs 
+5V 
to.oOlS% 
of FSR/% Vs 


DRIFT 
Specification 
Temperature 
Range 
Gain (max) 


Offset 
Unipolar 
Bipolar (max) 
Linearity 
(max) 
Monotonicity 


CONVERSION 
SPEEDS 


DIGITAL OUTPUT 
(all codes complementary) 
Parallel 
Output Codes6 
Unipolar 
Bipolar 
Output 
Drive 
Serial Data Codes (NRZ) 
Output Drive 


Status 
Status Output 
Drive 
Internal Clock 
Clock Output 
Drive 
Frequency'7 


INTERNAL REFERENCE 
VOLTAGE 
Max. External Current (with no 
degradation 
of specifications) 
Tempco of Drift 


POWER REQUIREMENTS 
Rated Voltages 
Range for Rated Accuracy 
ZModels8 
Supply Drain 
+15V 
-15V 
+5V 
TEMPERATURE 
RANGE 
Specification 
Operating (Derated Specs) 
Storage 


PACKAGE OPTION9' 
DH-32D 
AD ADC80·12 


±3ppm of FSRfc 
±ISppm 
of FSR/oC 
±3ppm of FSR/oC 
GUARANTEED 


22~s typ, 25~s max 


CSB 
COB.CTC 
2TTL Loads 
CSB. COB 
2TTL Loads 
Logic "1" During Conversion 
ZTTL Loads 


ZTTL Loads 
57SkHz 


6.3V ±lOmV 


±ISV,+SV 
4.7SV to S.2SV and ±14.0V to ±16.0V 
4.7SV to S.2SV and ±1l.4V 
to ±16.0V 
+lOmA 
-ZOmA 
+70mA 


-2SoC to +8SoC 
-SSoc to +100oC 
_SSoC to +12SoC 


NOTES 


I DTLI1TL 
compatible 
i.e., Logic "0 ••••O.SV max, Logic "I" 
••2.0V min for digital inputs, 
Logic "O""+O.4V 
max and ·'l"••2.4V min digital outputs. 


1I Adjustable 
to zero with external 
tTlmpou. 
'FSR 
means FuU Scale Range-for 
example. 
unit connected 
for i:lOV range has 20V FSR . 
• Error shown is the same as i:l/2LSB 
max for resolution 
of AID converter. 
'Conversion 
time with internal 
dock. 
·SceTablel. 
CSB 
- 
ComplementarySttaightBinary 
COB 
- 
Complementary 
Offsct 
Binary 
CTC 
- 
Complementary 
Two's Complement 
, For conversion 
speeds specified. 
'Por 
Z models order AD ADC80Z-12 
or AD AOC80Z-IO. 
~Fol" 
I'ao;kagc: 
oulolilic 
11iConuatlun!M:Cral,:kagc 
InConnaClon scctlon. 


·Specifications 
same as AD ADCSQ-12. 


Specifications 
subject 
to change withoutnoitice. 


Specifications 
subject 
to change without 
notice. 
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Figure 1. Linearity Error vs. Conversion 
Time (Normalized) 
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Figure 2. Differential Linearity Error vs. 
Conversion Time (Normalized) 
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Figure 3. Maximum Gain Drift Error-% 
of 
FSR vs. Temperature 


Figure 4. ReferenceDrift-% 
~"or 
vs. Temperature 


Applying the AD ADC80 


THEORY OF OPERATION 
On receipt of a CONVERT START command, 
the AD ADC80 
converts the voltage at its analog input into an equivalent 
12- 
bit binary number. 
This conversion 
is accomplished 
as follows: 


the 12-bit successive-approximation 
register (SAR) has its 
12-bit outputs 
connected 
both to the device bit output 
pins 
and to the corresponding 
bit inputs of the feedback 
DAC. 


The analog input is successively compared 
to the feedback 
DAC output, 
one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com- 
pletion of each bit comparison 
period, depending 
on the state 


of the comparator 
at that time. 


TIMING 
The timing diagram is shown in Figure 5. Receipt of a CON- 
VERT START signal sets the STATUS flag, indicating 
conver- 
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting 
it to run through 
13 cycles. All 
SAR ·parallel bit and STATUS flip-flops are initialized on the 
leading edge, and the gated clock inhibit signal is removed on 
the trailing edge of the CONVERT START signal. At time to, 


B, is reset and B. -B,. 
are set unconditionally. 
At t, the Bit 1 
decision is made (keep) and Bit 2 is unconditionally 
reset. At 
t2, the Bit 2 decision is made (keep) and Bit 3 is reset uncon- 
ditionally. 
This sequence continues 
until the Bit 12 (LSB) de- 
cision (keep) is made at t 12. After a 40ns delay period, the 
STATUS 
flag is reset, indicating that the conversion 
is com- 
plete and that the parallel output 
data is valid. Resetting 
the 
STATUS flag restores the gated clock inhibit signal, forcing the 
clock output 
to the Logic "0" state. 


Corresponding 
serial and parallel data bits become valid on 
• 
the same positive-going clock edge. Serial data does not change 
and is guaranteed 
valid on negative-going clock edges, however; 


serial data can be transferred 
quite simply by clocking it into a 
receiving shift register on these edges (see Figure 5). 


Incotporation 
of this 40ns delay guarantees 
that the parallel 
(and serial) data are valid at the Logic "1" to "0" transition 
of the STATUS flag, permitting 
parallel data transfer 
to be 
initiated 
by the trailing edge of the STATUS signal. 


MAXIMUM THROUGHPUT TIME 


CONVERT' 
START 
CONVERSION TIME (2) 


INTERNAL 
CLOCK 
I 
I 
I 


STATUS 
IT3 
IT7 
IT. 
" 
" 
" 
T,2 
MSB 
---, 
I 
I 
I 
I 
---ri....J ''1'' i 
! 
! 
i 
BIT2 
I 
I 
I 
I 
I 
--- 
BIT3 
:::J 
L...J'T' 


1"0 •• 1 
I 
I 
I 
BIT4 
:::J 
I 
r- 


BIT 5 
:::1 
4:J 
I 
I 
r- 
! 
BIT6 
--- 
I 
..,.. I 


BIT7 
:::J 
u..,,,I 
I 
BITS 
:::J 
L..J'T'j 
I 
I 
BIT9 
:::1 
I 
"0" 
r- 


BIT '0 
--. 
LF1 


BIT " 
:::J 
U'T' 


LSB 
:::J 
! 
"o"r- 
SERIAL 
---l?~ 
2 
i 
3 I 4 
I 
5 I 6 
i 
7 
t 
S LU '0 
,, ~.w}'~ 
, 
I 
I 
I 
I 
DATA 
1"0" 
..,,, "," 
"0" 
"0" 
..,.. ..,,, ...,.. 
"0" 
..,.. 
..,.. 
"0: I 
OUT 
.• 


NOTES: 
,. THE CONVERT START PULSE WIDTH IS 'OOn$MINAND 
MUST REMAIN LOW DURING 
A CONVERSION. THE CONVERSION IS INITIATED 
BY THE "RISING EDGE" OF THE 
CONVERT COMMAND. 


2.251'$ FOR '2 BITS AND 2'1'$ FOR '0 BITS (MAX). 
3. MSB DECISION 
4. LSB DECISION 40n$ PRIOR TO THE STATUS GOING LOW 
"BIT DECISIONS 


negative true form. Parallel data output 
coding is complemen- 
tary binary for unipolar 
ranges and either complementary 
off- 
set binary or complementary 
two's complement 
binary, de- 
pending on whether 
BIT 1 (pin 6) or its logical inverse BIT 1 
(pin 8) is used as the MSB. Parallel data becomes valid approx- 
imately 40ns before the STATUS flag returns to Logic "0", 
permitting 
parallel data transfer to be clocked on the "I" 
to 


"0" transition 
of the STATUS flag. 


Serial data coding is complementary 
binary for unipolar 
input 
ranges and complementary 
offset binary for bipolar input 
ranges. Serial output 
is by bit (MSB first, LSB last) in NRZ 


(non-return-to-zero) 
format. 
Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran- 
teed valid 200ns after the rising clock edges, permitting 
serial 
data to be clocked directly into a receiving register on these 
edges as shown in Figure 5. There are 13 negative-going clock 
edges in the complete 
12-bit conversion 
cycle, as shown in Fig- 
ure 5. The first edge shifts an invalid bit into the register, 
which is shifted out on the 13th negative-going clock edge. All 
serial data bits will have been correctly 
transferred 
and be in 
the receiving shift register locations shown at the completion 
of the conversion period. 


Short Cycle Input: A Short Cycle Input, pin 21, permits the 
timing cycle shown in Figure 5 to be terminated 
after any 
number of desired bits has been converted, 
permitting 
some- 


what shorter conversion times in applications 
not requiring full 
12-bit resolution. 
When 10-bit resolution 
is desired, pin 21 is 
connected 
to Bit 11 output 
pin 28. The conversion 
cycle then 
terminates, 
and the STATUS flag resets after the Bit 10 de- 
cision (tlO +40ns in timing diagram of Figure 5). Short 
Cycle pin connections 
and associated maximum 
12-, 10- and 
8-bit conversion times are summarized 
in Table I. When 12- 
bit resolution 
is required, 
pin 21 is connected 
to +5V (pin 9). 


0.024 


0.100 


0.390 


t12 + 40ns 
tlO + 40ns 
t8 
+40ns 


Table I. Short Cycle Connections 


INPUT SCALING 
The AD ADC80 input should be scaled as close to the maxi- 
mum input signal range as possible in order to utilize the 
maximum 
signal resolution 
of the AID converter. 
Connect 
the 
input signal as shown in Table 11.See Figure 6 for circuit 
details. 


BIPOLAR 
6.3k 
OFFSET 
12 ~ 
•• 
VREF 
~:~g~ 
15~ 
.,.. 


Connect 
Input 
Connect 
Connect 
Input 
Signal 
Output 
Pin 12 
Pin 14 
Signal 
Range 
Code 
To Pin 
To 
To 


±10V 
COBorCTC 
11 
Inpu t Signal 
14 


±5V 
COB orCTC 
11 
Open 
13 


±2.5V 
COB or CTC 
11 
Pin 11 
13 


OV to +5V 
CSB 
15 
Pin 11 
13 


OV to +10V 
CSB 
15 
Open 
13 


Table II. AD ADC80 Input Scaling Connections 


Binary (BIN) 
INPUT VOLTAGE RANGE AND LSB VALUES 
Output 
Analog Input 
Voltage Range 
Defined As: 
±lOV 
±SV 
±2.SV 
OVto +lOV 
OVto +SV 
Code 
COB- 
COB- 
COB- 
Designation 
or eTC·· 
or CTC·· 
or eTC·· 
CSB··· 
CSB··· 


One Least 
FSR 
20V 
10V 
SV 
10V 
SV 
Significant 
zn 
2" 
zn 
2" 
zn 
2" 
Bit (LSB) 
n=8 
78.13mV 
39.06mV 
19.53mV 
39.06mV 
19.53mV 
n= 10 
19.53mV 
9.77mV 
4.88mV 
9.77mV 
4.88mV 
n= 12 
4.88mV 
2.44mV 
1.22mV 
2.44mV 
1.22mV 


Transition Values 
MSB 
LSB 
000... 000···.· 
+Full Scale 
+10V -3/2LSB 
+SV -3I2LSB 
+2.SV 
-3/2LSB 
+lOV -3/2LSB 
+SV -3/2LSB 
011 ... 
111 
Mid Scale 
0 
0 
0 
+SV 
+2.SV 
111 ... 
110 
-Full Scale 
-lOV +1I2LSB 
-SV +1I2LSB 
-2.SV 
+112LSB 
0+ 1I2LSB 
o +1I2LSB 


NOTES, 
·COB 
=:: Complementary 
Offset 
Binary 
"CTC 
= Complementary 
Two's com~cnt-obtained 
by using the complement 


of the most significant 
bit (MSB). MSB is avwablc 
.on pin 8. 


···CSB:: 
Complementary Stra.izht Binary. 


•• ··Voltages 
given arc the nominal 
value for transition 
to the code specified. 


OFFSET ADJUSTMENT 
The zero adjust circuit consists of a potentiometer 
connected 
across ±Vs with its slider connected through a 1.8Mn resistor 
to 'Comparator Input pin 11 for all ranges. As shown in Figure 
7 the tolerance of this fixed resistor is not critical, and a car- 
bon composition type is generally adequate. Using a carbon 
composition resistor having a -1200ppmtC 
tempco contributes 
a worst;:ase offset tempco of 8X 244 X 10-6 X 1200ppmf 
C = 
2.3ppmfC 
of FSR, if the OFFSET ADJ potentiometer 
is set 
at either end of its adjustment range. Since the maximum off- 
set adjustment required is typically no more than ±4LSB, use 
of a carbon composition offset summing resistor typically con- 
tributes no more than 1ppmfC 
of FSR offset tempco. 


10kU 
1.8MU 
11 
TO 
100kU 


An alternate offset adjust circuit, which contributes 
negli- 
gible offset tempco if metal film resistors (tempco <100 
ppmtC) 
are used, is shown in Figure 8. 


10kU 
TO 
100kU 


In either zero adjust circuit, the fixed resistor connected to 
pin 11 should be located close to this pin to keep the pin 11 
connection runs short 
(Comparator Input pin 11 is quite 
sensitive to external noise pick-up). 


GAIN ADJUSTMENT 
The gain adjust circuit consists of a potentiometer 
connected 
across ±Vs with its slider connected through a 10Mn resistor 
to the gain adjust pin 16 as shown in Figure 9. 


10kU 
TO 
100kU 


An alternate gain adjust circuit which contributes negligible 
gain temp co if metal film resistors (Tempco <100ppmtC) 
are 
used is shown in Figure 10. 


CALIBRATION 
External ZERO ADJ and GAIN ADJ potentiometers, 
con- 
nected as shown in Figures 11 and 12, are used for device 
calibration. To prevent interaction 
of these two adjustments, 


Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 


o to +10V Range: Set analog input to +1LSB = +0.0024V. 
• 
Adjust Zero for digital output 
= 111111111110. 
Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.99S2V. 
Adjust Gain for 000000000001 
digital output code; full- 
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +S.OOOOV;digital output code should be 
011111111111. 


-10V to +10V Range: Set analog input to -9.99S1V; adjust 
Zero for 111111111110 
digital output (complementary 
offset 
binary) code. Set analog input to +9.9902V; adjust Gain for 
000000000001 
digital output (complementary 
offset binary) 
code. Half-scale calibration check: set analog inputto 
O.OOOOV; 
digital output (complementary 
offset binary) code should be 
0111111111111. 


Other Ranges: Representative digital coding for 0 to +10V and 
-10V to +1OV ranges is given above. Coding relationships and 
calibration points for 0 to +SV, -2.SV to +2.SV and -SV to 
+SV ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and -10V to +10V ranges, 
respectively. 


Zero and full-scale calibration can be accomplished to a pre- 
cision of approximately 
±1I4LSB using the static adjustment 
procedure described above. By summing a small sine or tri- 
angular-wave voltage with the signal applied to the analog in- 
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
end points) of each discrete quantization 
level. A detailed 
description of this dynamic calibration technique is presented 
in "AID Conversion Notes," D. Sheingold, Analog Devices, 
Inc., 1977, Part II, Chapter 3. 


'OkU 
TO 
100kU 


Figure 
10. 
Low 
Tempco 
Gain Adjustment 
Circuit 


REV. A 


Figure 
11. 
Analog 
and Power 
Connections 
for 
Unipolar 
o-10V Input 
Range 


Figure 12. Analog and Power Connections 
for Bipolar 
± 10V Input Range 


GROUNDING 
Many data-acquisition 
components 
have two or more ground 
pins which are not connected 
together 
within the device. These 
"grounds" 
are usually referred to as the Logic Power Return, 
Analog Common 
(Analog Power Return), 
and Analog Signal 
Ground. 
These grounds must be tied together 
at one point, 
usually at the system power-supply 
ground. 
Ideally, a single 
solid ground would be desirable. However, since current 
flows 
through 
the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, 
hundreds 
of millivolts can be generated 
between the system ground point 
and the ground pin of the AD ADC80. Therefore, 
separate 
ground returns should be provided to minimize the current 
flow in the path from sensitive points to the system ground 
point and the two device grounds should be tied together. 
In 
this way supply currents 
and logic-gate return currents 
are not 
summed into the same return path as analog signals where 
they would cause measurement 
errors. 


Each of the AD ADC80's supply terminals should be capaci- 
tively decoupled 
as close to the AD ADC80 as possible. A 
large value capacitor 
such as IIlF in parallel with a O.IIlF 
capacitor 
is usually sufficient. 
Analog supplies are bypassed 
to the Analog Power Return pin and the logic supply is by- 
passed to the Logic Power Return pin. 


CONTROL MODES 
The timing sequence of the AD ADC80 allows the device to 
be easily operated 
in a variety of systems with different 
con- 
trol modes. The most common 
control modes are illustrated 
in 
Figures 14-16. 
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CLOCK 


Figure 14. Internal Clock-Normal 
Operating Mode. 


Conversion Initiated by the Rising Edge of the Convert 
Command. The Internal Clock Runs Only During 
Conversion. 
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Figure 15. Continuous Conversion with External Clock. 
Conversion is Initiated by 14th Clock Pulse. Clock Runs 
Continuously. 
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Figure 16. Continuous External Clock. Conversion Initiated 
by Rising Edge of Convert Command. The Convert Command 
must be Synchronized with Clock. 


~ANALOG 
WDEVICES 


I 


Performance 


Complete 
12-Bit AID Converter 
with Reference 
and Clock 
Fast Successive Approximation 
Conversion: 
10/ls or 5/lS 
Buried Zener Reference 
for Long Term Stability 
and Low 
Gain T.C.: 10ppmfC 
Max Nonlinearity: 
<:to.012% 
Low Power: 880mW Typical 
Low Chip Count - High Reliability 
Industry 
Standard 
Pin Out 
"z" Models for ±12V Operation 
Available 
MIL·STD-883B 
Processing Available 


Versatility 


Nagative·True 
Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision +6.3V Reference 
for External 
Applications 


PRODUcr 
DESCRIPTION 
The AD ADC84/AD 
ADC85/AD5240 
series devices are high- 
speed, low;:ost 
10- and l2-bit successive approximation 
analog-to-digital converters that include internal clock, refer' 
ence and comparator. 
Its hybrid lC design utilizes MSI digital 
and linear monolithic 
chips in conjunction 
with a l2·bit 
monolithic 
DAC to provide modular performance 
and versa- 
tility with lC size, price and reliability. 


Important 
performance 
characteristics 
of the AD ADC841 
AD ADC851 AD5240 series include a maximum linearity error 
at +25°C of ±0.012%, gain T.C. below l5ppm/C, 
typical 
power dissipation of 880m W, and conversion time of less than 
lOllSfor the l2-bit versions. Of considerable significance in 
severe and aerosgace applications is the guaranteed perfor- 
mance from -55 C to +125°C of the AD ADC85S which is 
also available with environmental 
screening. Monotonic 
operation of the feedback 01A converter guarantees no 
missinll.codes over temperature 
ranges of 0 to +70oC, -25°C 
to +85 C, and -55°C to +125°C. 


The design of the AD ADC84/AD 
ADC85/AD5240 
includes 
scaling resistors that provide analog input signal ranges of 
±2.5, ±5, ±10, 0 to +5, or 0 to +10 volts. Adding flexibility 
and value are the +6.3V precision reference, which also can 
be used for external applications, and the input buffer ampli- 
fier. All digital signals are fully DTL and TTL compatible, 
and the data output is negative·true and available in either 
serial or parallel form. 


The AD ADC84/AD 
ADC85/AD5240 
series devices are avail· 
able in two different performance 
grades. The devices are 
specified for either 10·bit accuracy (±0.048% FSR max) or 
l2-bit accuracy (±0.012% FSR max) with 8.4/ls, lOllS 
(AD ADC84/AD 
ADC85) and 4.lllS. 5)lS(ADS240) max 
conversion times respectively. 


Fast, Complete 
12-Bit AID Converters 


AD ADC841 AD ADC851 AD5240 
I 
• 


28 
~~~~~ 


25 =XN INPUT 


2rl 
~~INPUT 


13 
BIPOLAR 
OfFSET 


22 
f.?MPARATOR 


21 goo:.~~TD 


~~~~ 1. 
g~cg~:~ 
15 


The AD ADC84 and AD ADC85C specified for operation 
over 
the 0 to +70oC temperature 
range. The AD ADC85 and 
AD ADC85S are specified for the -25°C to +85°C, -55°C to 
+125°C ranges respectively. 


PRODUCT HIGHLIGHTS 
1. The AD ADC84/AD 
ADC85/AD5240 
series devices are 
complete l2-bit 
AID converters. No external components 


are required to perform a conversion. 


2. The AD ADC84/AD 
ADC85/AD5240 
directly replaces 
other devices of this type with significant increases in 
performance. 


3. The fast conversion rates of the AD ADC84/AD 
ADC85 
(lOllS) and AD5240 
(51lS) make them an excellent choice 
for applications requiring high system throughput 
rates. 


4. The internal buried zener reference is laser trimmed to 
6.3V ±O.l% and ±lOppm/C 
typical T.e. The reference 
is available externally and can provide up to 1mA. 


5. The integrated package construction 
provides high quality 
and reliability with small size and weight. 


6. The monolithic 
l2·bit feedback DAC is used for reduced 
chip count and higher reliability. 


7. The AD ADC85S/883B 
and AD5240SD/883B 
come 
processed to MIL-STD-883, Class B requirements 
(see 
AD! Military Products Databook). 


MVUJ!.L. 
JUJ 
IUI\..O.lt 
JUJ JUJ\..O,\.. 
IUJ 
~U\..O' 
i\.U;)~'tU;)U 


RESOLUTION 
10/12 
10/12 
10/12 
10/12 
12 
Bits 


ANALOG 
INPUTS 
Voltage 
Ranges 
Bipolar 
±2.5, ±5. ±10 
Volts 
Unipolar 
o to +5, 0 to +10 
Volts 
Impedance 
(Direct 
Input) 


OV to +5V, t2.SV 
2.5(t20%) 
kfl 
OV to +10V, tSV 
5(t20%) 
kfl 
±lOV 
10(t20%) 
kfl 
Buffer Amplifierl 


Impedance 
(min) 
100 
Mfl 
Bias Current 
50 
nA 
Settling 
Time 
To 0.01% for 20V Step 
/lS 


DIGITAL 
INPUTS' 
Convert 
Command 
Positive Pulse lOOns mm Trailing 
Edge Initiates 
Conversion 


Logic Loading 
I 
TIL 
Lnad 


TRANSFER 
CHARACfERISTICS 
ERROR 
Gain ErrorJ 
to.1(tO.25" 
max) 
to.2 
% 
Offset 
Erro(J 
Adjustable 
to Zero 
Unipolar 
to.05(tO.2% 
max) 
to.1 
"of 
FSR4 


Bipolar5 
to.l(±0.2S% 
max) 
to.2 
%ofFSR 
Linearity 
Error (max)6 
to.048/tO.012 
to.Ol2 
%ofFSR 
Inherent 
Quantization 
Error 
to.S 
LSB 
Differential 
Linearity 
Error 
to.5 
LSB 
No Missing Codes Temperature 
Range 
o to +70 
o to +70 
-25 to +85 
-55 to +125 
o to +70/-55 
to +125 
'c 
Power Supply 
Sensitivity 
t1SV 
to.004 
%of 
FSR/<J;V 
+5V 
to.OOI 
%of 
FSR/%V 


DRIFT 
Specification 
Temperature 
Range 
o to +70 
-25 to +8S 
-S5 to +125 
o to +70/-55 
to +125 
'c 
Gain (max) 
t30 
t40/t25 
t20/t15 
t25 
±30/±25 
ppmtC 
Offset 
Unipolar 
tl 
tS max 
ppmtC 
Bipolar 
(max)5 
tl5 
t20/tl2 
±l01t7 
±I0 
±151±7 
ppmtC 
Linearity 
(max) 
tl 
±3/t2 
t2 
ppmtC 
Monotonicity 
GUARANTEED 
GUARANTEED 


CONVERSION 
SPEED (MAX) 
8.4/10 
/lS 


DIGITAL 
OUTPUT 
(all codes complementary) 
Parallel 
Output 
Codes 7 
Unipolar 
CSB 
Bipolar 
COB,CfC 
Output 
Drive 
2 
TIL 
Loads 
Serial Data Codes (NRZ) 
CSB, COB 
Output 
Drive 
2 
TIL 
Loads 
Status 
Logic "I" 
during Conversion 
Status 
Output 
Drive 
2 
TIL 
Loads 
Internal 
Cock 
Cock 
Output 
Drive 
2 
TIL 
Loads 
Frequency 
1.9/1.22 
2.6 
MHz 


INTERNAL 
REFERENCE 
VOLTAGE 
6.3/±15mV 
max 
Volts 
Max. External 
Current 
(with no 
degradation 
of specifications) 
1.0 
mA 
Tempco 
of Drift, (max) 
±20/max 
t 10 typ 
t5 typ 
t5 
typ 
t10 
ppmtC 


POWER REQUIREMENTS 
Rated Voltages 
+5, ±IS 
Volts 
Range for Rated 
Accuracy 
4.75 to S.2S and ±l3.5 
to ±16.5 
Volts 
Z Models' 
4.75 to 5.25 and ±l1.4 
to t16.S . 
Volts 
Supply 
Drain 
+lSV 
25 max 
15 max 
mA 
-15V 
35 max 
35max 
mA 
+5V 
140max 
100 max 
mA 
Total 
Power 
Dissipation 
1500max 
llOO max 
mW 


TEMPERATURE 
RANGE 
Specification 
o to +70 
-25 to +85 
-55 to +125 
o to +70/-55 
to +125 
'c 
Operating 
(Derated 
Specs) 
-25 to +85 
-55 to +125 
-55 to +125 
-55 to +125 
'c 
Storage 
-55 to +125 
-65 to +150 
'c 


PACKAGE 
OPTION' 
DIl-32F 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 


NOTES 


I Buffer Settling time adds to conversion speed when buffn is connected to input. 
~See Table I. 


IDTLfITL 
compatible LQlic "0". 
O.SVmax, Logic "1". 
2.0V min for 
'For t12V operation add ·'Z·· to modcl numbn. 
Input range limited to a 
digital output, LoPe "0"· 
0.4V max, Logic "1"· 
2.4V mm. 
maximum of ~SV. 


I Adjustablc to zero. 
'For packagc outlinc infonnation se~ Package Infonnation section. 


4 FSR means Full Sale R&DJc. 
'Guaranteed 
at VIN. 0 volts. 
·Spccifications samc as AD ADeM . 


• Error shown is thc same as tll2LSB 
max cnor in '" of FSR. 
Spccifications subjcct to chanlc without noticc. 
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Figure 
la. 
Linearity 
Error 
vs. Conversion 
Speed 
(AD ADC841AD ADC85) 


Figure 
2a. 
Change 
in Differential 
Linearity 
vs. Conversion 
Speed 
(AD ADC84/AD 
ADC85) 


Figure 
2b. 
Change 
in Differential 
Linearity 
vs. Conversion 
Speed 
(AD5240) 
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Figure 
3a. 
Gain Drift 
Error 
(% FSR) vs. Temperature 


(AD ADC84/AD 
ADC85) 
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Figure 
3b. 
Gain Drift 
Error 
(% FSR) vs. Temperature 


(AD5240) 


Figure 
4a. 
Conversion 
Speed 
vs. Control 
Voltage 
(AD ADC84/AD 
ADC85) 


Figure 
4b. 
Conversion 
Speed 
vs. Control 
Voltage 


(AD5240) 


OFFSET ADJUSTMENT 
The zero adjust circuit consists of a potentiometer 
connected 
across ±Vs with its slider connected through a 1.8MU resistor 
to Comparator 
Input pin 22 for all ranges. As shown in Figure 
5 the tolerance of this fixed resistor is not critical. and a car- 
bon composition 
type is generally adequate. 
Using a carbon 
composition resistor having a -1200ppm/oC 
tempco contributes 
a worst-case offset tempco of 8X 244X 
10-6 X 1200ppmfC 
= 
2.3ppmfC 
of FSR. if the OFFSET AD] potentiometer 
is set 
at either end of its adjustment 
range. Since the maximum off- 
set adjustment 
required is typically no more than ±4LSB. use 
of a carbon composition 
offset summing resistor typically con- 
tributes no more than IppmfC 
of FSR offset tempco. 


AD ADC84! 
AD ADC851 
AD5240 


10kl1 
1.8Ml1 
TO 
100kl1 


An alternate offset adjust circuit. which contributes 
negli- 
gible offset tempco if metal film resistors (tempeo <100 
ppmfC) 
are used. is shown in Figure S. 


AD ADC841 
ADADC85! 
AD5240 


OFFSET 
1~~l1 
ADJ 
100kl1 


In either zero adjust circuit. the fixed resistor connected 
to 
pin 22 should be located close to this pin to keep the pin 
connection 
runs short (Comparator 
Input pin 22 is quite 
sensitive to external noise pick-up). 


GAIN ADJUSTMENT 
The gain adjust circuit consists of a potentiometer 
connected 
across ±Vs with iu slider connected through a 10MU resistor 
to the gain adjust pin 27 as shown in Figure 7. 


AD ADC841 
AD ADC851 
AD5240 


10kl1 
TO 
100kl1 


An alternate gain adjust circuit which contributes 
negligible 
gain tempco if metal film resistors (Tempco < 10OppmfC) 
are used is shown in Figure 8. 


ADADC84I 
AD ADC851 
AD5240 


10kU 
TO 
100kU 


THEORY OF OPERATION 
On receipt of a CONVERT START command, the AD ADC841 
AD ADC8S/ADS240 
converts the voltage as its analog input 
into an equivalent I2-bit binary number. This conversion is 
accomplished as follows: the I2-bit successive-approximation 
register (SAR) has its I2-bit outputs connected both to the 
device bit output pins and to the corresponding bit inputs of 
the feedback DAC. The analog input is successively compared 
to the feedback DAC output, 
one bit at a time (MSB first, 
LSB last). The decision to keep or reject each bit is then 
made at the completion 
of each bit comparison period, 
depending on the state of the comparator 
at that time. 


TIMING 
The timing diagram is shown in Figure 9. Receipt of a CON- 
VERT START signal sets the STATUS flag, indicating conver- 
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All the 
SAR parallel bits, STATUS flip-flops, and the gated clock 
inhibit signal are initialized on the trailing edge of the 
CONVERT START signal. At time to, Bl is reset and B2 - 


B12 are set unconditionally. 
At tl the Bit 1 decision is made 
(keep) and Bit 2 is unconditionally 
reset. At t2, the Bit 2 
decision is made (keep) and Bit 3 is reset unconditionally. 
This sequence continues until the Bit 12 (LSB) decision (keep) 
is made at t12' After a 40ns delay period, the STATUS flag is 
reset, indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag re- 
stores the gated clock inhibit signal, forcing the clock output 
to the Logic "0" state. 


Corresponding 
serial and parallel data bits become valid on 
the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred 
quite simply by clocking into a 
receiving shift register on these edges (see Figure 9). 


Incorporation 
of this 40ns delay guarantees that the parallel 
(and serial) data are valid at the Logic "I" 
to "0" transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. • 


NOTES 
1. THE CONVERT 
START 
PULSE 
WIDTH 
IS lOOns 
MIN 
AND 
MUST 
REMAIN 
LOW 
DURING 
A CONVERSION. 
THE CONVERSION 
IS INITIATED 
BY THE "TRAILING 
EDGE" 
OF THE 
CONVERT 
COMMAND. 
2. 
lOllS 
FOR 12 BITS AND 8.411s FOR 10 BITS (AD ADC84/AD 
ADC85) 
OR 511' FOR 12 BITS 
AND4.111' 
FOR 10 BITS (AD5240). 
3. 
MSB DECISION. 
4. 
LSB DECISION 
20n. 
PRIOR TO THE STATUS 
GOING 
LOW. 
·BIT DECISIONS. 


DIGITAL OUTPUT 
DATA 
Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output 
coding is complemen- 
tary binary for unipolar 
ranges and either complementary 
off- 
set binary or complementary 
two's complement 
binary, de- 
pending on whether BIT 1 (pin 12) or its logical inverse BIT 1 
(pin 13) is used as the MSB. Parallel data becomes valid approx- 
imately 40ns before the STATUS flag returns to Logic "0", 
permitting 
parallel data transfer to be clocked on the" 
I" to 
"0" transition 
of the STATUS flag. 


Serial data coding is complementary 
binary for unipolar 
input 
ranges and complementary 
offset binary for bipolar 
input 
ranges. Serial output 
is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) 
format. 
Serial and parallel data outputs 
change state on positive-going 
clock edges. Serial data is guaran- 
teed valid 200ns after the rising clock edges, permitting 
serial 
data to be clocked directly 
into a receiving register on the 
negative-going 
clock edges as shown in Figure 9. There are 13 
negative-going 
clock edges in the complete 
12-bit conversion 
cycle, as shown in Figure 9. The first edge shifts an invalid bit 
into the register, which is shifted out on the 13th negative- 
going clock edge. All serial data bits wil1 have been correctly 
transferred 
and be in the receiving shift register locations 
shown at the completion 
of the conversion 
period. 


Shon Cycle Input: 
A Short Cycle Input, pin 14, permits 
the 
timing cycle shown in Figure 9 to be terminated 
after any 
number of desired bits has been converted, 
permitting 
some· 
what shorter conversion 
times in applications 
not requiring fun 
12·bit resolution. 
When 12·bit resolution 
is required, 
pin 14 is 
connected 
to +5V (pin 16), When 10·bit resolution 
is desired, 
pin 14 is connected 
to Bit 11 output 
pin 2. The conversion 
cycle then terminates, 
and the STATUS flag resets after the 
Bit 10 decision (tlO +40ns in timing diagram of Figure 9). 
Short Cycle pin connections 
and associated 
maximum 
12-, 
10- and 8-bit conversion 
times are summarized 
in Table I. 


ADADC841 
AD ADC85 
Connect 
Short 
Connect 
Clock 
(AD5240) 
Cycle 
Pin 14 To 
Rate 
Control 
Resolution 
Conversion 
Status 
Flag 
Pin: 
Pinl7To 
Bits 
(%FSR) 
Time 
(1-',) 
Reset 


16 
15 
12 
0.024 
10 (5) 
[12 + 40n5 


2 
16 
10 
0.100 
8.5 (4.1) 
(10 + 40n5 


4 
28 
8 
0.390 
6.8 (3.3) 
'. +4005 


INPUT SCALING 
The AD ADC84/AD 
ADC851AD5240 
inputs should be scaled 
as close to the maximum 
input signal range as possible in 
order to utilize the maximum 
signal resolution 
of the AID 
converter. 
Connect 
the input signal as shown in Table II. See 
Figure 10 for circuit detail. 


~ 


r 
29 --I 


30 
+ 
L 


6.3kn 
B~r.?F~~~ 
® 
VA 


ANALOG 'i6'-- 
COMMON~ 


Figure 
10. Input 
Scaling 
Circuit 


For Direct 
For Du ffered 
Input 
Input 
Pin 30 
Input 
Connect 
Connect 
Connect 
Connect 
Signal 
Output 
Pin 23 
Pin 25 
Input 
Pin 29 


Range 
Code 
To Pin 
To 
Signal To 
To Pin 


±IOV 
COB orCTC 
22 
Input 
Signal 
25 
25 


±5V 
COB or CTC 
22 
Open 
24 
24 


±2.5V 
COB or CTC 
22 
Pin 22 
24 
24 


OV to +5V 
CSB 
26 
Pin 22 
24 
24 


OV'o+IOV 
CSB 
26 
Open 
24 
24 


Table II. Input 
Scaling 
Connections 


INPUT VOLTAGE 
RANGE 
AND LSB VALUES 


Analog 
Input 
Voltage 
Range 
±IOV 
±5V 
±Z.5V 
OVto 
+IOV 
OV to +5V 


Code 
COB" 
COB" 
COB" 
Designation 
or CTC·· 
or eTC·· 
or CTC·· 
CSB··· 
CSB··· 


One Leas, 
FSR 
ZOV 
10V 
5V 
10V 
5V 
Significant 
2" 
zn 
F 
2" 
2" 
zn 


Bit (LSB) 
n=8 
78.13mV 
39.06mV 
19.53mV 
39.06mV 
19.53mV 
n= 10 
19.53mV 
9.77mV 
4.88mV 
9.77mV 
4.88mV 
n = IZ 
4.88mV 
Z.44mV 
l.22mV 
2.44mV 
l.ZZmV 


Transition 
Values 
MSB 
LSB 
000... 000···· 
+Full Scale 
+lOV -3IZLSB 
+5V -3I2LSB 
+Z.5V -3/2LSB 
+IOV -3IZLSB 
+5V -3/ZLSB 
Oil 
... 
111 
Mid Scale 
0 
0 
0 
+5V 
+Z.5V 
111 .. .110 
-Full 
Scale 
-IOV 
+lIZLSB 
-5V +lIZLSB 
-Z.5V +I/ZLSB 
0+ 
lIZLSB 
o +I/ZLSB 


NOTES, 
·COB - Complementary 
Offset Binary 
··CTC 
= Complementary 
Two's com~ent-obtained 
by using the complement 
of the most 
significant 
bit (MSB). 
MSB is available 
to pin 13. 
···CSB 
= Complementary 
Straight 
Binary . 
••• 
·Voltages 
given are the nominal 
value for transition 
to the code specified. 


Table III. Input 
Voltages 
and Code Definition 


CALIBRATION 
External ZERO AD] and GAIN AD] potentiometers, 
con- 
nected as shown in Figures 11 and 12, are used for device 
calibration. To prevent interaction 
of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog inpu t near the most negative end of the analog 
range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 


Figure 
11. Analog 
and Power 
Connections 
for Unipolar 
o to + 10V Input 
Range 
with 
Buffer 
Follower 


Figure 
12. Analog 
and Power 
Connections 
for Bipolar 
- 10V to + 10V Input 
Range 
with 
Buffer 
Follower 
o to +10V Range: Set analog input to +ILSB; 
+0.0024V. 
Adjust Zero for digital output; 
111111111110. 
Zero is now 
calibrated. Set analog input to +FSR -2LSB; 
+9.9952V. 
Adjust Gain for 000000000001 
digital output code; full- 
scale (Gain) is now calibrated. Half-scale calibration 
check, 
set analog input to +5.0000V; digital output code should be 
011111111111. 


-10V to +10V Range: Set analog input to -9.9951 V; adjust 
Zero for 111111111110 
digital output (complementary 
offset 
binary) code. Set analog input to +9.9902V; adjust Gain for 
000000000001 
digital output 
(complementary 
offset binary) 
code. Half-scale calibration check: set analog input to O.OOOOV; 
digital output (complementary 
offset binary) code should be 
0111111111111. 


Other Ranges: Representative 
digital coding for 0 to +1OV and 
-10V to +10V ranges is given above. Coding relationships and 
calibration points for 0 to +5V, -2.5V to +2.5V and -5V to 


+5V ranges can be found by halving the corresponding 
code 
equivalents listed for the 0 to +1OV and -IOV to +I OV ranges, 
respectively. 


Zero and full-scale calibration can be accomplished 
to a pre- 
cision of approximately 
±1I4LSB using the static adjustment 
procedure described above. By summing a small sine or tri- 
angular-wave voltage with the signal applied to the analog in- 
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
• 
end points) of each discrete quantization 
level. 


GROUNDING 
Many data-acquisition 
components 
have two or more ground 
pins which are not connected together within the device. These 
"grounds" 
are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, 
hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD ADC84/AD 
ADC85/AD5240. 
Separate ground returns should be provided to minimize the 
current flow in the path from sensitive points to the system 
ground point. In this way supply currents and logic-gate 
return currents are not summed into the same return path 
as analog signals where they would cause measurement 
errors. 


Each of the AD ADC84/AD ADC85/AD5240's 
supply term- 
inals should be capacitively decoupled as close to the device 
as possible. A large value capacitor such as IJ.lF in parallel 
with a O.IJ.lF capacitor is usually sufficient. Analog supplies 
are bypassed to the Analog Power Return pin and the logic 
supply is bypassed to the Logic Power Return pin. 


CWCK 
RATE CONTROL ALTERNATE CONNECTIONS 
If adjustment 
of the CLOCK RATE is desired for faster con- 
version speeds, the CLOCK RATE CONTROL may be con- 
nected to an external multi-turn 
trim potentiomer 
with a 
TCR of ±100ppm/oC 
or less as shown in Figures 13 and 14. 


If the potentiometer 
is connected 
to -15V, conversion time 
can be increased as shown in Figures 4a and 4b. If these adjust- 
ments are used, delete the connections shown in Table I for 
pin 17. See Figures la and 1b for nonlinearity 
error vs. con- 
version speed and Figures 4a and 4b for the effect of the 
control voltage on clock speed. 


+5V 


CLOCK 
I 


cON~~6~ @-----12kfl 


(12·BIT 
RESOLUTION) 


Figure 
13. 
12-Bit Clock Rate Control 
Optional 
Fine Adjust 


CLOCK 
FREQUENCY 
ADJUST 


CLOCK 
RATE 
CONTROL 


+15V-l 
CLOCK 
@----- 
6kn 
FREQUENCY 
ADJUST 


18- OR 
IO-BIT 
RESOLUTION} 


Figure 
14. 8-Bit Clock Rate Control 
Optional 
Fine Adjust 


MICROPROCESSOR 
INTERFACING 
The fast conversion 
times of the AD ADC841 AD ADC85 and 
AD5240 
suggest several different 
methods 
of interface 
to 
microprocessors. 
In systems where the ADC is used for high 
sampling rates on a single signal which is to be digitally pro- 
cessed, CPU-controlled 
conversion 
may be inefficient 
due to 
the slow cycle times of most microprocessors. 
It is generally 
preferable 
to perform 
conversions 
independently, 
inserting 
the resultant 
digital data directly 
into memory. 
This can be 
done using direct memory 
access (DMA) which is totally 
transparent 
to the CPU. Interface 
to user·designed 
DMA hard- 
ware is facilitated 
by the guaranteed 
data validity on the faIl- 
ing edge of the EOC signal. 


Clearly, 
12 bits of data mUSt be broken up for interface 
to an 
8-bit wide data bus. There are two possible formats: 
right- 
justified 
and left-justified. 
In a right-justified 
system, 
the 
least-significant 
8 bits occupy one byte and the four MSB's 


reside in the low nybble of another 
byte. This format 
is use- 
ful when the data from the ADC is being treated 
as a binary 
number 
between 
0 and 40?5. 
The left-justified 
format 
sup' 
plies the eight most-significant 
bits in one byte and the 
4LSB's in the high nybble of another 
byte. The data now reo 
presents 
the fractional 
binary number 
relating the analog 
signal to the full-scale voltage. An advantage 
to this organiza' 
tion is that the most-significant 
eight bits can be read by the 
processor 
as a coarse indication 
of the true signal value. The 
full 12-bit word can then be read only when all 12 bits are 
needed. This allows faster and more efficient 
control 
of a 
process. 


Figure 15 shows a typical connection 
of an 8085·type 
bus, 
using a left-justified 
data format for unipolar 
inputs. 
Status 
polling is optional, 
and can be read simultaneously 
with the 
4LSBs. If it is desired to right-justify 
the data, pins 1 through 
12 of the AD ADC841 AD ADC851 AD5240 
should be reversed, 


Figure 
15. AD ADCB4IAD 
ADCB51AD5240 
- BOB5A Interface 
Connections 


as well as the connections 
to the data bus high and low byte 
address signals. 


When dealing with bipolar inputs (±5V, ±IOV ranges), using 
the MSB directly yields a complementary 
offset binary-coded 
output. 
If complementary 
two's complement 
coding is desired, 
it can be produced 
by substituting 
MSB (pin 13) for the MSB. 
This facilitates 
arithmetic 
operations 
which are subsequently 
performed 
on the ADC output 
data. 


Modell 


AD ADC84-10 
AD ADC84-12 
AD ADC85C-IO 
AD ADC85C-12 
ADADC85-10 
AD ADC85-12 
AD ADC85S·10 
AD ADC85S-12 
AD5240KD 
AD ADC85S-12l883B 


AD5240SD/883B 


Temperature 
Range 


Oto+700C 
o to +70°C 
o to +700C 
o to +700C 
_25° C to +85° C 
_25° C to +85° C 
_55°C to +125oC 
-55°C 
to +125°C 
o to +70oC 
-55°C to +125 
oC 
-55°C to +125oC 


Linearity 


±O.048% 
±O.OI2% 
±O.048% 
±O.OI2% 
±O.048% 
±O.OI2% 
±O.048% 
±O.OI2% 
±O.OI2% 
±O.OI2% 
±O.OI2% 


1 For complete 
model number suffixes must be added 


for ••z ••option (±12V operation), 
linearity. The 
following guide shows the proper suffIx order. 
AD ADC (0)(00)-("0) 


Gain 
T.C.-ppmfC 


±30 
±30 
±40 
±25 
±20 
±I5 
±25 
±25 
±30 
±25 
±25 


Conversion 
Time 


IO~ 
IO~ 
IO~ 
IO~ 
IO~ 
lOllS 


IO~ 
IO~ 
51ls 
lOllS 
5lls 


°Model Number 
•• ..Z.. Version Designator 
···Linearity 


Typical Part Numbers 
AD ADC84-12 
AD ADC8SSZ·12 
ADS240ZKD 


GENERAL DESCRIPTION 
The ADC-170 is a complete, serial-output, 
12-bit anal 
digital converter with voltage reference, all in a 
e- 
8-pin mini-DIP or 16-pin surface mount SO 
Il 
ing from an external 2.5 MHz (max) c 
n 
t 
. 
~s of 
to 5 V are digitized at a 5.6 fJ-S ra 
mpatibl 
wire serial interface transfers the 
lil 0 
put 
the serial port of the host processor, 
r easil 
opto isolators or transformers 
for high voltage 
la 


Fabricated in a complementary 
bipolar CMOS (CBCMOS) pr 
cess, the ADC-170 utilizes a successive approximation 
architec- 
ture with a high speed DAC and low noise PNP-input 
comparator to achieve both high speed and low power operation. 
Operating from + 5 V and -12 V to -15 V supplies, power 
consumption 
is only 135 mW. The internal voltage reference is a 


low drift bandgap which maintains guaranteed accuracy over the 
full operating temperature 
range of the device. 


Following a start of conversion pulse, the MSB of the new digi- 
tal word is available at the serial data output after 2 clock cycles, 
during which the new conversion results are read with the re- 
maining 12 clock cycles. The ADC-170 can be configured for 
single conversion or continuous operation. 


IlIIIIIII ANALOG 
WDEVICES 


I 
FEATURES 
8-Pin Mini-DIP Package 
Fast Conversion Time-5.6 
•.•.s 
Low Power-135 
mW typical 
Internal Low Drift Bandgap Reference 
o to +5 V Analog Input Range 
3-Wire Signal Interface 


APPLICATIONS 
Data Acquisition Systems 
Medical Diagnostics 
Avionic and Navigation Systems 
Process Control Equipment 
Multichannel Analog 110 
Isolated Industrial Data Acquisition 


Complete, Serial-Out 
5.6 f-LS, 12-Bit AID Converter 


ADC-170 
I 
• 


. es the most complete 12-bit ADC solution 
a 
ompact package. When combined with the serial- 
-8043 in the 8-pin mini-DIP package, the result is an 
ense, high performance analog input/output 
port. 


'is available in 8-pin plastic and Cerdip packages, 
e 
I -16 addresses surface mount applications. 
All 
s 
offered in the extended industrial temperature 
range 


°C to +85°C). For -55°C to + 125°C applications, 
contact 


your local Analog Devices sales office to obtain the ADC- 
170/883 data sheet. 


i~ 
,Lh 
I 
OPTO 
ISOLATORS- 


Voo 
Vss 
SC/EOC 


o TO +sv 
ADC170 


A'N 
elK 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


ADC-170-SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS 
~~i~s~~:e~fse5;~I~d~)= -11.4 V 10 -15.75 V; fCLK = 2.5MHz; -40°C os TA os +85°C 


Parameter 
Symbol 
Conditions 
Min 
Typ 
Max 
Units 


ACCURACY 
Resolution 
N 
12 
Bits 
Integral Nonlinearity 
INL 
TA = +25"C 
ADCI70E 
±1I2 
LSB 
ADCI70F 
±I 
LSB 
Differential 
Nonlinearity 
DNL 
Guaranteed 
Monotonic over Temp 
±I 
LSB 
Offset Error 
VZSE 
ADCI70E 
±3 
LSB 
ADCI70F 
±5 
LSB 
Full-Scale Error 
VFSE 
TA = +25°C 
±1O 
LSB 
Full-Scale Tempco' 
TCVFS 
ADCI70E 
±25 
ppml"C 
ADCI70F 
±45 
ppml"C 
Conversion Time 
£CONY 
14 Clock Cycles 
5.6 
~s 


ANALOG 
INPUT 
Input Voltage Range 
A'N 
0 
+5 
V 
Input Current 
I'N 
A1N = 0 V to +5 V 
3.5 
mA 


INTERNAL 
REFERENCE 
VREFOutput 
Voltage 
VREF 
TA = 25°C 
-5.2 
-5.25 
-5.3 
V 
VREF Output 
Tempco' 
TCVREF 
±20 
ppml"C 
±40 
ppml"C 
Output 
Current 
Sink Capabiliry 
IREF 
mA 


POWER 
SUPPLY REJECTION 
Positive Supply Rejection 
VDD 
±1/2 
LSB 


Negative Supply Rejection 
Vss 
±1I8 
LSB 
±1I8 
LSB 


LOGIC INPUTS 
Input Low Voltage 
V'L 
0.8 
V 
Input High Voltage 
VIH 
2.4 
V 
Input Capacitance' 
CIN 
10 
pF 
Input Current 
IlNL 
A'N = 0 to VDD 
±1O 
~A 
±2oo 
±5oo 
~A 


LOGIC OUTPUT 
Output 
Low Voltage 
VOL 
SDO IS1NK= 1.6 mA 
0.4 
V 
SDO IS1NK= 6.0 mA 
0.3 
1.5 
V 
Output 
High Voltage 
VOH 
SDO ISOURCE= 2oo~ 
4 
V 


POWER 
REQUIREMENTS 
Positive Supply Voltage 
VDD 
± 5% for Specified Performance 
5 
V 
Negative Supply Voltage' 
Vss 
± 5% for Specified Performance 
-IS 
to -12 
V 
Positive Supply Current 
IDD 
SC/EOC = VDD' A1N = 0 V 
5 
8 
mA 
Negative Supply Current 
Iss 
SC/EOC = VDD' A1N = 0 V 
I 


-6 
-11 
mA 
Power Dissipation 
PDISS 
VDD = +5 V, Vss = -IS 
V 
135 
205 
mW 


TIMING CHARACTERISTICS3 


(voo 
= +5 V, Vss = -12 
V or -15 
V; -40°C os TA os +85°C) 


CLOCK 
Pulse Width 
teH 
CLKHIGH 
40 
ns 
teL 
CLKLOW 
60 
ns 
SC/EOC Pulse Width 
tSH 
SC/EOC HIGH 
40 
ns 
tSL 
SC/EOC LOW 
60 
ns 
SC/EOC to CLK Skew 
tsco 
Leading CLK 
40 
ns 


(gel 
Leading CLK + I 
200 
ns 


CLK to SDO Delay 
tpD 
25 
80 
ns 


NOTES 
lGuaranteed by design, not subject to test. 
2Specified performance with -12 V supply is guaranteed by testing offset and full-scale errors. 
3Timing specifications 3ce sample tested at +25°C to ensure compliance. All input control signals ace specified with tR = {F = 5 os (10% to 90% of +5 V) and 
timed from a voltage level of + 1.6 V. 
Specifications subject to change without notice. 


This information 
applies to a product 
under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 
Analog 
Devices assumes no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 


ADC-910 


FEATURES 


• 
Includes 
Clock, 
Reference, 
3-State 
Buffered 
Outputs 
• 
Fast Conversion 
Time 
61ls 
• 
Fourlnput 
Ranges 
.. +/-2.5V, 
+/-5.0V, 
+5.0V and +10.0V 
• 
1/2 LSB INL 
• 
No Missing 
Codes 
Over Temperature 
• 
Low ESD Sensitivity 
Due to Rugged 
Bipolar 
Processing 
• 
Software 
Programmable 
Unipolar/Bipolar 
• 
Easily 
Interfaced 
to 8 and 16-Bit 
IlP Bus 
• 
Available 
In Ole Form 


PMI MODEL 
NO. 


ADCS10Ar 
ADCS10Br 
ADCSlOET 
ADCS10FT 
ADCS10GT 
ADCS10HT 


For devices processed 
in total compliance 
to MIL-STD-883, 
add /883 after part 


number. Consult factory 
for 883 data sheet. 


Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, 
plastic 
DIP, and TO-can 
packages. 


GENERAL 
DESCRIPTION 


The ADC-910 
is a 10-bit 
AID converter 
designed 
specifically 
for 
interfacing 
with 
microprocessors. 
3-state 
data 
outputs 


allow direct 
connection 
to an 8-bit data bus in an MSB byte of 
8 bits 
and an LSB byte 
of 2 bits. A command 
register 
with 
read/write 
inputs 
and 3 Chip 
Select 
inputs 
to control 
the 10 
data lines is included. 
Interrupt 
enable, 
start conversion 
and 
bipolar/unipolar 
mode 
selection 
are controlled 
by the data. 
bus. The use of high-speed 
Linear 
Differential 
Logic 
results 
in fast (6Ils) 
conversion 
time and low power 
dissipation. 


28-PIN 
HERMETIC 
DIP 
(T-Suffix) 


_t-'''''UU''~ 
IwilltJwlOlUIC 
ncul!:::l'=1 


ADC-910AT/BT 
-55°C 
to +125°C 
ADC-910ET 
1FT 
-25°C 
to +85°C 
ADC-910GT 
IHT 
O°C to +70°C 
Maximum 
Junction 
Temperature 
(lj) 
175°C 
Storage 
Temperature 
Range 
-65°C 
to +150°C 
Lead Temperature 
(Soldering, 
60 sec) 
300°C 
Supply 
Voltage 
(V+) 
6V 


Supply 
Voltage 
(V-I 
· .. 6V 
V+ to V- 
............•.............................. 
12V 
Logic 
Inputs 
............•...............•... 
+6V, -0.3V 


VIN A 
15V 
VIN B 
.........................•••.••••...•......... 
7.5V 
Reference 
Inputs 
3.0V 
Digital 
Ground 
to Analog 
Ground 
Voltage 
0.5V 


28-Pin Hermetic DIP (T) 


NOTE: 
1. 
8'A Is specified for worst case mounting conditions, I.e., 8jA is specified for 
dl.vice in socket for CerDIP package. 


ELECTRICAL 
CHARACTERISTICS 
at V+ = 5V, V- = -5V, 
VREF= 2.5V, fClK = 0.5MHz; 
TA = -55°C 
to +125°C 
apply 
for 
ADC-910AT/BT, 
unless 
otherwise 
noted. 


ADC-910AT 
ADC-910BT 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Integral 
Nonlinearity 
TA = 2S"C 
1/2 
INl 
lSB 


(Note 3) 
TA = Full Temp. Range 
3/4 


Gain Drift 
External 
Reference 
2S 
30 


(Note 
1) 
TCGFS 
Internal 
Reference 
40 
SO 
ppm FSI"C 


Reference 
Line Regulation 
4.7SV < V+ < S.2SV 
SOO 
600 
~VIV 


Positive Supply 
Current 
1+ 
30 
40 
30 
40 
mA 


Negative Supply 
Current 
I- 
SO 
60 
SO 
60 
mA 


ELECTRICAL 
CHARACTERISTICS 
at V+ = 5V, V- = -5V, 
VREF= 2.5V, fClK = 0.5MHz; 
TA = -25°C 
to +85°C 
apply 
for 


ADC-91DET/FT, 
unless 
otherwise 
noted. 


ADC-910ET 
ADC-910FT 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Integral 
Nonlinearity 
TA ~ 2S"C 
1/2 


(Note 3) 
INl 
TA = Full Temp. Range 
1/2 
lSB 


Gain Drift 
TCGFS 


External 
Reference 
20 
2S 
ppm FSI"C 


(Note 
1) 
Internal 
Reference 
3S 
45 


Reference 
Line Regulation 
4.7SV < V+ < S.2SV 
SOO 
600 
~VIV 


Positive Supply 
Current 
1+ 
30 
40 
30 
40 
mA 


Negative Supply 
Current 
I- 
SO 
60 
SO 
60 
mA 


ELECTRICAL 
CHARACTERISTICS 
at V+ = 5V, V- = -5V, 
VREF = 2.5V, fClK = 0.5MHz; 
TA = DOC 
to +70°C 
apply 
for 


ADC-910GT/HT, 
unless 
otherwise 
noted. 


ADC-910GT 
ADC-910HT 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Integral 
Nonlinearity 


INl 
TA ~ 2S"C 
1/2 


(Note 3) 
T••.= Full Temp. Range 
3/4 
lSB 


Gain Drift 
External 
Reference 
10 
10 


(Note 
1) 
TCGFS 
Internal 
Reference 
2S 
2S 
ppm FS/"C 


Reference 
Line Regulation 
4.7SV < V+ < S.2SV 
300 
300 
~VIV 


Positive Supply 
Current 
1+ 
30 
30 
mA 


Negative Supply 
Current 
I- 
SO 
SO 
mA 


ADC-910 


ELECTRICAL 
CHARACTERISTICS 
at V+ 
5V, 
V-= 
-5V, 
VREF= 
2.5V, 
fClK 
= O.5MHz; 
TA = 25°C, 
unless 
otherwise 
noted. 


ADC-910AT/ET/GT 
ADC-910BT/FT/HT 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Resolution 
N 
TA ~ Full Temp. Range 
10 
10 
Bits 


Resolution for which 
TA = Full Temp. Range (Notes 2.3) 
10 
10 
Bits 
No Missing Codes Guaranteed 


Gain Error 
GFSE 
VREF= 2.500V (Notes 2, 3) 
6 
lSB 


Unipolar 
Mode 
VZSE 
TA = Full Temp. Range 
1/2 
lSB• 


Offset Error 


Bipolar Mode 
VasE 
1.5 
lSB 


Offset Error 


Bipolar Mode Zero- 


TCVzs 
TA ~ Full Temp. Range (Note 
1) 
1.5 
lSB 
Scale Offset 
Drift 


Analog Input Impedance 
R1NA 
Pin 20 
3.5 
3.5 
kll 


Analog Input Impedance 
R1NB 
Pin 19 
1.75 
2.5 
1.75 
2.5 
kll 


Reference 
Input Resistance 
RREF 
Pin 22 
1.75 
2.5 
3.5 
1.75 
2.5 
3.5 
kll 


Reference Voltage Output 
VREFOUT 
Pin 17, Untrimmed 
2.45 
2.50 
2.55 
2.45 
2.50 
2.55 
V 


Reference Voltage 


RT~ 
10kll 
±40 
±40 
mV 
Trim Range 


Reference 
Output 
1mA< 
I <SmA, 


1.5 
1.5 
mV/mA 
load Regulation 
TA ~ Full Temp. Range 


Positive Power 


Supply Sensitivity 
+Pss 
4.75V to 5.25V 
1/2 
1/2 
lSB 


Negative Power 
-Pss 
-4.75V 
to -5.25V 
1/2 
1/2 
lSB 
Supply Sensitivity 


Conversion 
Time 
Tc 
feLK = lMHz 
(Note 4) 
~s 


Conversion 
Time 
Tc 
feLK = 0.5MHz 
(Note 5) 
12 
12 
~s 


Digital Input High 
VINH 
TA = Full Temp. Range 
2.0 
2.0 
V 


Digital Input Low 
V1Nl 
TA = Full Temp. Range 
0.8 
0.8 
V 


Digital Input Current 
IINH 
TA = Full Temp. Range 
0.4 
0.4 
~A 


Digital Input Current 
IINl 
TA = Full Temp. Range 
10 
20 
10 
20 
~A 


Digital Output High 
VOH 
10H ~ -400~A. 
2.4 
3.7 
2.4 
3.7 
V 
TA = Full Temp. Range 


Digital Output Low 
VOL 
IOl = 1.6mA, 
0.1 
0.4 
0.1 
0.4 
V 
TA = Full Temp. Range 


Digital Output Current 
10H 
VOH= 2.4V 
-400 
-400 
~A 


Digital Output Current 
10L 
VOL ~ O.4V 
1.6 
1.6 
mA 


Three-State 


Output 
Leakage 
loz 
TA = Full Temp. Range 
5 
10 
10 
~A 


NOTES: 
1. 
Change in 25°C value from 25°C to TMin or TMax. 
2. 
Tested in the 5V unipolar mode at 6#-,sconversion time. 


3. 
Tested in the ±5V bipolar mode at 12#-,sconversion time. 


4. 
Applies to 5V input unipolar operation; see Figure 1 for connections. 
5. 
Applies 
to 10V input 
unipolar 
operation, 
and ±5V/±10V 
input 
bipolar 
operation; see Figure 1 for connections. 


DIE SIZE 0.131X 0.221 inch, 28,951 sq. mils 
(3.33 X 5.61 mm, 18.68 sq. mm) 


1. RD 
2. WR 
3. CS3 
4. DIGITAL GND 
5. 80 (LS8) 
6. 81 
7. 82 


8.83 
9.84 
10. 85 
11. 86 
12. 87 
13. 88 
14. 89 (MS8) 


15. V+ 
16. VREFADJUST 
17. VREFOUT 
18. COMP OFFSET 
19. V'N B 
20. V'NA 
21. ANALOG GND 


22. VREFIN 
23. V- 
24. INT 
25. CCLK 
26. CLOCK INPUT 
27. CS2 
28. CS1 


PARAMETER 
SYMBOL 


Integral 
Nonlinearity 
INL 


Differential 
Nonlinearity 
DNL 


Gain Error 
GFSE 


Unipolar 
Mode 


VZSE 
Offset Error 


Analog Input 


RJNA 
Impedance 


Reference 
Input 
RREF 
Resistance 


Reference 
Voltage 
VREFOUT 
Output 


Positive 
Power Supply 
+Pss 
Sensitivity 


Negative 
Power 
Supply 
-Pss 
Sensitivity 


Digital 
Input 
VINH 
High 


Digital 
Input 
V1Nl 
Low 


Digital Input 
IINH 
Current 
IINl 


Digital 
Output 
VOH 
High 


Digital Output 
VOL 
Low 


Digital Output 
10H 
Current 
10l 


Three-State 


Output 
Leakage 
loz 


Positive Supply 


1+ 
Current 


Negative 
Supply 
1- 
Current 


ADC-910G 
CONDITIONS 
LIMIT 


VREF= 2.500V 
6 


Pin 20 
3.5/8 


Pin 22 
1.75/4 


Pin 17, Untrimmed 
2.45/2.55 


4.5V to 5.5V 
1/2 


-4.5V 
to -5.5V 
1/2 


2.0 


0.8 


UNITS 


LSB MAX 


LSB MAX 


LSB MAX 


VOH= 2.4V 


VOL ~ 0.4V 


NOTE: 
Electrical 
tests are performed 
at wafer probe to the limits shown. 
Due to variations 
in assembly 
methods 
and normal 
yield loss, yield after packaging 
is not 
guaranteed 
for standard 
product 
dice. Consult 
factory 
to negotiate 
specifications 
based on dice lot qualification 
through 
sample 
lot assembly 
and testing. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 
at V+ = SV. V- = -SV, 
VREF = 2.SV. and TA = 25°C. 


ADC-910G 


TYPICAL 


fCLK = 1MHz, SV Unipolar 
Mode 


IClK = 0.5MHz 
±5V 
Bipolar 
Mode 


~ 
28 
~ tc. ~ 


2 
27 


3 
2' 
Rll 
~ 
25 
~~ 


Rl 
5 
2. 
" 
I 
, 
23 
I 
R12 
-5 


7 
22 
1 


02 
$C5 
ADC-910 
• 
21 
• 
20 


I. 
.!! N.C. 


11 
1. 


12 
17 


13 
.!! N.C. 


1. 
15 
Rl ... 
Rll- 
5« 
Al2, R13· 10n 


3 
R1. 
e1 -2200pF 


C2, 
C3 - 
O.lp.F 
C4,CS-l0pF 


CIRCUIT 
OPERATION 
(Refer to the Simplified 
Schematic) 


The 
ADC-910 
uses 
a successive 
approximation 
type 
A/D 
conversion 
routine. 
When a start command 
is received 
by the 
command 
register, 
the SAR, DAC and comparator 
begin 
a 
bit-by-bit 
trial against 
the analog 
input voltage. 
When all ten 
bits 
have been 
tried, 
the ten data 
outputs 
of the SAR will 
contain 
a 10-bit 
digital 
representation 
of the analog 
input 
voltage. 


When 
the conversion 
is complete, 
a read command 
and a 
chip selection 
will output 
the data through 
the 3-state output 
buffers. 
Selecting 
CS1 will output 
the eight 
MSBs (the high 
byte) 
and selecting 
CS2 will 
output 
the two LSBs (the low 
byte). Selecting 
both CS1 and the CS2 will cause all ten data 
bits to be output 
through 
the 3-state 
output 
buffers. 


When the conversion 
is complete, 
the SAR sends an end of 
conversion 
(EGC) 
signal 
to the 
command 
register, 
which 


._--- __ ..... _ ...•_.. -r- •..•.•.•• 
,....•..••..,..•.••••.•""•••..•.••.•.•••• 
, •.• u•..••••.•••.••. 
"". 
(INT), 
providing 
the interrupt 
disable 
bit (INE) is set to "0". 


The 
EGC 
signal 
is also 
multiplexed 
into 
the 
input 
of the 
3-state 
buffer 
for bit 9 (B9). Also, at this time, the overrange 
signal 
appears 
at the SAR output 
and is multiplexed 
into the 
input 
of the 3-state 
buffer 
for bit 8 (B8). 
These 
two bits of 
information 
comprise 
the 
status 
register, 
which 
is multi- 
plexed 
to the data bus with a read command 
and a selection 
of CS3. 


Unipolar/bipolar 
mode selection 
and the enabling/disabling 
of the interrupt 
output 
is done when the start of conversion 
command 
is entered. 
In the unipolar 
mode, the I MSB current 


source 
is turned 
off. 
For bipolar 
mode 
operation, 
the 
'MSB 
current 
source 
is applied 
to 
the 
summing 
mode 
of 
the 
comparator. 
This provides 
the proper 
offset 
of I MSB to do a 
bi polar conversion. 


BASIC 
CONNECTIONS 
(Refer to Figure 
1) 


Power Supply 
Connections: 
The ADC-910 
is operated 
on ±5 
volt power supplies. 
+5 volts is applied 
to pin 15and -5 volts is 
applied 
to pin 23. These 
lines should 
be bypassed 
near the 
device 
with 
a 0.11'F capacitor 
in parallel 
with 
a large value 
capacitor 
such as 10I'F. 


Analog 
and 
Digital 
Ground: 
Separate 
analog 
and 
digital 


grounds 
are provided 
to maintain 
optimum 
noise 
rejection. 


Care should 
be maintained 
to insure 
that digital 
switching 
noise is not introduced 
into the analog 
ground 
line. This can 
be accomplished 
by making 
the final 
ground 
point 
as close 


(physically 
and electrically) 
as possible 
to the analog ground 
pin of the ADC-910. 


Analog 
Inputs: 
There 
are two analog 
voltage 
inputs 
to the 
ADC-910. 
VINA (pin 20) accepts 
input signals 
between 
0 volts 
and + 10 volts in the unipolar 
mode and between 
-5 volts and 
+5 
volts 
in the bipolar 
mode. 
V IN B (pin 
19) accepts 
input 
signal 
levels 
between 
0 volts 
and +5 
volts 
in the 
unipolar 
mode 
and between 
-2.5 
volts and +2.5 
volts 
in the bipolar 
mode. The input resistance is nominally 
5k!1 forV1NAand 2.5k!1 


forVIN 
B. The comparator 
offset 
pin (pin 18) is left open when 
using VIN A, and is tied to analog 
ground 
when using VIN B. 


AOC-910 


" 
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FIGURE 
2: Start Conversion 
and Operating 
Mode Selection 


(Write 
Mode 
WR = "Low", 
CS3 = "Low") 


MSB 
B9 
B8 
B7 
B6 
B5 
B4 
B3 


( 
,nterrupt) 
(UniPOlar/) 
Disablel 
Bipolar 
Enable 
Select 
( 
Start) 
Bit 
ITIIIJ~o~o ~I CD 
ITIIIJ 
1 CD 


X= "Don't Car." 


FIGURE 
3: Reading 
Data and Status 


(Read Mode 
RD = "Low") 


• 


Start Converllon, 
Bipolar Mod., 
Interrupt Enabled. 


Start Converllon, 
Unipolar Mode, 
Interrupt Disabled. 


CSl = "Low" 
ReadHigh Byte 


CS2= "Low" 
R.ad Low Byte 
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Voltage 
Reference: 
The voltage 
reference 
for the ADC-91 0 is 
nominally 
+2.5 
volts. 
To 
use 
this 
internal 
reference. 
the 
reference 
output 
pin (pin 17) should 
be tied to the reference 
input pin (pin 22). Adjustment 
of the reference 
voltage 
may be 
done 
by applying 
a 10kO trimmer 
between 
the 
reference 


output 
and analog ground 
with the center tap wiper tied to the 


reference 
adjust 
pin (pin 16). 


To use an external 
reference 
with the ADC-910, 
simply 
apply 


it to the 
VREF 
input 
pin 
(pin 
22). 
This 
voltage 
should 
be 
bypassed 
to analog 
ground 
with a O.01I'F capacitor. 


Clock: 
For internal 
clock 
operation, 
the external 
capacitor 


(CClK) 
sets the conversion 
rate. The conversion 
rate graph 
provides 
the relationship 
of CClK and temperature 
to con- 
version 
rate. The CClKcapacitor 
is connected 
between 
CClK 


(pin 25) and the V- supply 
(pin 23), see Figure 
1. The clock 
input 
(pin 26) is connected 
to the V+ supply 
(pin 15). Internal 
clock 
operation 
exhibits 
a conversion 
time 
variation 
from 
device 
to device 
for 
a given 
CClK, 
due 
to 
capacitor 
and 
internal 
resistor 
tolerances 
of the basic 
R-C oscillator. 
For 
operation 
at the 
upper 
frequencies 
of 0.5 and 
1MHz, 
an 
external 
clock 
input 
is recommended. 


For external 
clock 
operation, 
no clock 
capacitor 
is required. 
The CClK pin (pin 25) should 
be tied to the-5volt 
supply 
and 
the 
external 
clock 
is applied 
to the 
clock 
input 
(pin 
26). 


1.0MHz clock 
maximum 
may be used. This will result in a 61's 
conversion 
time. 
Slower 
clock 
rates 
will 
result 
in slower 
conversion 
speeds. 


Conversion 
time ~ 6 x -f 1 
ClK 


Conversion 
time 
(TcJ also depends 
on user supplied 
timing 
relationship 
between 
positive 
WR edge and negative 
clock 
edge used to reset the SAR. See Figure 
4(a) twc parameter. 


........-.. 
-- --r-- 
- 


texT'" 
3000pF 


CeXT = 1900pF 


texT 
= 800pF 


o 
-75 
-so 
-25 
0 
25 
50 
75 
100 
125 


TEMPERATURE 
(OC) 


CHIP 
SELECT, 
READ 
AND 
WRITE 
INPUTS 


(Refer to Figure 
2) 


Start 
Commands: 
To start a conversion 
the WR input 
(pin 2) 


must be held "low" 
while CS3 (pin 3) is held "low" 
and a logic 
"high" 
is applied 
to 
bit 
2 (pin 
7). Another 
way to start 
a 
conversion 
is to hold CSl 
(pin 28) and WR (pin 2) "low" 
for a 
complete 
clock 
cycle. 


Operating 
mode selection 
is done when the start command 
is 
applied. 
As with 
the start 
command, 
WR and CS3 are held 


"low". 
A logic 
"high" 
applied 
to bit 4 (pin 
9) disables 
the 
interrupt 
and 
a logic 
"low" 
enables 
the 
interrupt. 
A logic 


"high" 
applied 
to bit 3 (pin 8) selects 
unipolar 
mode and a 
logic 
"low" 
selects 
bipolar-mode 
operation. 


READING 
DATA AND 
CONVERSION 
STATUS 


(Refer to Figure 
3) 


Data can be read in two ways: a single 
10-bit word or in a 8-bit 


"high 
byte" 
with 
a 2-bit 
"low 
byte". 
When 
interfacing 
to a 


16-bit bus, single 10-bit word reading 
is possible. 
When using 
an 8-bit 
data 
bus, 
the 
"high 
byte" 
and 
"low 
byte" 
can 
be 
multiplexed 
onto a single 
8-bit 
bus as indicated 
in Figure 
5. 


To read alll0 
bits at once, the RD (pin 1), CSl 
(pin 28) and CS2 


(pin 27) are all held "low". 
This turns on 3-state output 
buffers 
and all data bits can be read. 


To read the 8-bit "high 
byte", the RD (pin 1) and CSl 
(pin 28) 


lines are held "low". 


To read the 2-bit 
"low 
byte", 
the RD and CS2 lines are held 
"low". 


Included 
on the ADC-910 
is a 2-bit 
status 
register 
which 
is 
multiplexed 
onto the data bus on lines B9 and B8. 


To read the status register, 
RD (pin 1) and CS3 are held "low". 
End of conversion 
(EOC) 
is indicated 
by a "low" 
bit 9 (pin 14) 


and overrange 
(OR) is indicated 
by a "high" 
in bit 8 (pin 13).• 


VREF OUT 
17 


VREF 
IN 
22 


CALIBRATION 
(Refer to Figure 
5) 


Unipolar 
Mode: 
To adjust 
out gain 
error, 
a trimmer 
may be 
inserted 
in series with the analog 
input voltage 
input. Assum- 
ing a 2.500 volt reference 
is applied 
at the reference 
input, 


gain error 
trimming 
is accomplished 
by adjusting 
the input 
trimmer 
so that the final digital 
output 
code transition 
occurs 
for an input 
voltage 
of VA = 9.985 volts (this is the transition 
from 1111111110to 
1111111111). When using the internal 
ref- 
erence 
or an adjustable 
external 
reference, 
gain error 
trim- 
ming 
may 
be 
accomplished 
by 
adjusting 
the 
reference 
voltage 
until the final digital 
output 
code transition 
occurs 
at 
VA = 9.985 volts. 


Bipolar 
Mode: 
To trim out offset 
error, 
set series trimmer 
(if 
used) to OD. and tie V1N Ato analog 
ground. 
Adjust 
VREFto just 
beyond 
the major carry 
transition 
(that point 
where the dig- 
ital output 
code changes 
from 0111 1111 11 to 1000 0000 00). 


To trim out gain error, 
tie V1N A to voltage 
source. 
Adjust 
the 
series trimmer 
so that the final digital 
output 
code transition 


(from 
1111111110 to 1111111111) occurs 
at an input voltage 
of 


+4.9902V. 


DRIVING 
THE ANALOG 
INPUT 
To insure 
10-bit accuracy 
the input 
to the ADC-910 
must be 


driven 
by a source 
which 
has an output 
impedance 
of less 
than 0.5 ohms at 1MHz. 


INTERFACING 
THE ADC-910 
TO THE MC68000 


(Refer to Figure 
6) 


An example 
of a direct 
connection 
to a 16-bit 
data 
bus 
is 
shown 
in Figure 
6. The 10-bit output 
of the ADC-910 
is con- 
nected 
directly 
to the 10 least significant 
bits of the MC68000 
data 
bus. 
In this 
example, 
a Motorola 
MC68000 
Computer 
Board 
supports 
the 68000I'P. 
A flow chart and assembly 
lan- 
guage 
program 
is shown 
below 
for a simplified 
10-bit 
wide 
conversion. 


INTERFACING 
THE ADC-910 
TO THE 65021'P 


(Refer to Figure 
7) 


An example 
of direct 
connection 
to an 8-bit data bus is shown 
in Figure 
7. Notice 
that the two least significant 
bits are con- 
nected 
to data 
bits 
B3 and 
B4. This 
allows 
a 10-bit 
data 
transfer 
over an 8-bit 
bus. In this example. 
a Synertek 
Sys- 
tems 
SYM-1 
Educational 
Computer 
Board 
supports 
the 
65021'P. The flow charts 
and op codes for a variety 
of conver- 
sion exercises 
are shown 
below. 


ADC-910 


D' 
MSB 
DB' 
v+ 
MC68000 
0' 
DB8 
V1N A 


07 
DB7 
V1N 
B 


D6 
DB6 


05 
DB5 


COMP 
SWITCH 
OPEN 
FOR 
OFFseT 
~ 
0--10V 
INPUT RANGE. 


D4 
054 
VREF OUT 
SWITCH 
CLOSED 
FOR 


03 
DB' 
VAEF IN 
0 __ 5V INPUT RANGE. 


02 
DB2 
VREF ADJ 
'01<" 


01 
DB' 


DO 
DSO 
ANALOG 
GND 


lMHzCLOCK 
CLOCK 


DIGITAL 


GND 
Rm 
R5 


C(;LK 


__ 
ADDRESS 
WR 
v- 
-5V 
ClACK 
BUS 


El 
~ 
CBYPASS 


74lS138 
E3 


ADDRESS 
DECODER 
OR GATE 
OPEN COLLECTOR 


PC 
MNEMONIC 
COMMENT 


1000 
MOVEQ #12, DO 
Select Mode" 
1002 
MOVE DO,$50000 
Start Conversion 
1008 
NOP 
100A 
NOP 
Delay 
100C 
NOP 
100E 
MOVE $20000, 01 
Read Data 
1014 
ANDI #1023, Dl 
Mask out B15-Bl0 
leaving B9-BO 
1018 
JMP $1000 
Jump to 1000 
• 


• Loading 
a decimal 
12 into DO will apply the following 
binary word to the 
command 
register at the start of the conversion: 


8988 
87 86 85 84 83 82 81 80 
o 
0 
0 
0 
0 
0 
1 
100 
This results in unipolar mode selection with the interrupt disabled. 


PC 
MNEMONIC 
COMMENT 


1000 
MOVEQ#X,OO 
Select Mode" 
1002 
MOVE DO,$50000 
Start Conversion 
1008 
MOVE $5OO00,Dl 
Read Status Register into 01 
looE 
AND #512,Dl 
Mask for EOC Bit (1000000000 = 
512 Decimal) 


1012 
BNE.l 
$1008 
loop 
Until EOC 
1016 
MOVE $50000,02 
Read Status Register 
101C 
AND #256,02 
Mask for OR Bit (0100000000 = 
256 Decimal) 


1020 
BEQ.l 
$102E 
Branch to $102E Unless OR 
1024 
MOVE 03,$40000 
light 
OR Indicator 
102A 
JMP $1000 
Start Over 
102E 
MOVE $20000,04 
Read and Store lo-Bit 
Data 
1032 
AND #1023,04 
Mask Unwanted 6 lSBs 
1036 
JMP $1000 
Start Over 


-For Bipolar Mode with Interrupt Enabled: X = 4 Decimal 
For Unipolar 
Mode with Interrupt 
Enabled: X = 12 Decimal 
For Bipolar Mode, Interrupt 
Disabled: X = 20 Decimal 
For Unipolar 
Mode, Interrupt 
Disabled: X = 28 Decimal 


ADC-910 


DB' 
V. 


DB' 
VIN A 


DB7 
VIN B 


DB6 


DB5 
COMP 
OFFSET 


DB4 
VREFOUT 


DB3 
VREF IN 


DB2 
VREFADJ 


DBl 


DBO 
ANALOG 
GND 


iN'i' 


D7 


D6 


SYM-1 
D5 


(6502~PI 
D4 


D3 


D2 


SWITCH OPEN FOR 


~ 


0--lOV 
INPUT RANGE. 


SWITCH CLOSED FOR 
0_5V 
INPUT RANGE. 


DIGITAL 
GND 


Rli 
CLOCK 


CCLK 


WR 
V- 
-5V 


ADC-910 INTERFACE SOFTWARE AND FLOW CHART FOR 65021'P (SYM-1) 
Interrupt-Driven Conversion 


PC 
MNEMONIC 
OPCODE 
COMMENT 


0200 
LDA#$02 
A902 
Set Interrupt 
Vector 


INTERRUPT 
SERVICE 
ROUTINE: 
0202 
STA$A679 
8079 
A6 
0205 
LDA#$12 
A912 
0207 
STA$A678 
8078 
A6 
020A 
LDA#$03 
A903 
Select 
Mode 
(Unipolar. 


Interrupt 
Enabled) 


020C 
STA$1803 
800318 
Start 
Conversion 
020F 
JMP$20A 
4C OA 02 
Jump 
to 20A 


(Loop 
Until 
Interrupti 


Interrupt 
Service 
Routine 


0212 
LDA$1801 
AD 0118 
Read High 
Byte 
0215 
STA$024E 
80 4E 02 
Store 
High 
Byte at 024E 
0218 
LDA$1802 
AD 02 18 
Read Low Byte 
021B 
AND#$03 
2903 
Mask Out Bits 9-4 
0210 
STA$024F 
80 4F 02 
Store 
Low Byte at 024F 


0220 
LDA#$03 
A903 
Select 
Mode 
0222 
STA$1803 
800318 
Start Conversion 
0225 
RTI 
40 
Return 
from 
Interrupt 


IlIIIIIIII ANALOG 
WDEVICES 


I 


FEATURES 
Low Cost 
Low Transition 
Noise Between 
Codes 
12-Bit Accurate 
±112 LSB Nonlinearity 
Error Over Temperature 
No Missing 
Codes at All Temperatures 
10 Microsecond 
Conversion 
Time 
Internal 
or External 
Clock 
8- or 16-Bit Data Bus Compatible 
Improved 
ESD Resistant 
Design 
Latchup 
Resistant 
Epi-CMOS 
Processing 
Low 95 mW 
Power 
Consumption 
Space Saving 
24-Pin 0.3" DIP, or 24-Lead 
SOIC 


APPLICATIONS 
Data Acquisition 
Systems 
DSP System 
Front 
End 
Process Control 
Systems 
Portable 
Instrumentation 


GENERAL DESCRIPTION 
The ADC-912A is a monolithic 
12-bit accurate CMOS AiD con- 


verter. It contains a complete successive approximation 
AiD 
converter built with a high accuracy D/A converter, a precision 
bipolar transistor high-speed comparator, 
and successive approx- 


imation logic including three-state bus interface for logic com- 
patibiliry. The accuracy of the ADC-912A results from the 
addition of precision bipolar transistors to Analog Device's 
advanced-oxide 
isolated silicon-gate CMOS process. Particular 
attention was paid to the reduction of transition noise between 
adjacent codes achieving a 1/6 LSB uncertainty. 
The low noise 
design produces the same digital output for dc analog inputs not 
located at a transition voltage, see the Code Repetition and 
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256 
SUCCESSIVE 


COHVEASfOHS 
WITH 


A ••.•. 4.ei1seV 


CMOS Microprocessor-Compatible 
12-Bit AID Converter 


ADC-912A 
I• 


Transition 
Noise plots below. NPN digital output transistors 


provide excellent bus interface timing, 
125 ns access and bus 


disconnect time which results in faster data transfer without the 
need for wait states. An external 1.25 MHz clock provides a 
10 fJ-S conversion time. 


In stand alone applications an internal clock can be used with 
external crystal. 


An external negative five-volt reference sets the 0 to + 10 V in- 
put range. Plus five and minus 12 volt power supplies result in 
95 mW of total power consumption. 


For military operating temperature 
range (- 55°C to + 125°C) 


versions contact your local Analog Devices sales office. 


(VDD = +5 
V ± 5%, Vss = -11.4 
V to -15.75 
V, VREFIN = -5 
V, Analog 
ADC 912A 
SPECIFICATIONS 
Input 0 to +10 V; External.feLJ( = 1.25 MHz; -40·C 
to +85·C 
apply for 
- 
- 
ADC912AEIF, unless otherwise 
noted) 


Parameter 
Symbol 
Conditions 
Min 
Typ 
Max 
Units 


STATIC ACCURACY 
Integral Nonlinearity 
INL 
ADC912AE 
-1/2 
+1/2 
LSB 
ADC912AF 
-I 
+1 
LSB 
Differential Nonlinearity 
DNL 
-I 
+1 
LSB 
Offset Error 
VZSE 
VDO = +5 V, Vss= -12 V 
-5 
+5 
LSB 
Gain Error 
GFSE 
Voo = +5 V, Vss= -12 V 
-6 
+6 
LSB 
Full-Scale Tempco2 
TCGFs 
5 
15 
ppm?C 


ANALOG INPUT 
Input Voltage Range 
VIN 
0 
+10 
V 


Input Current Range 
I'N 
0 
+3 
mA 


POWER SUPPLIES 
Positive Supply Current 
100 
Voo = +5 VI 
5 
7 
mA 
Negative Supply Current 
Iss 
Vss = -12 Vi 
3 
5 
mA 
Power Consumption 
PDlSS 
VDO = +5 V, Vss = -12 Vi 
70 
95 
mW 


Power Supply 
PSRR+ 
~Voo 
= :!:5%, AIN = 10 V 
1/2 
4 
LSB 
Rejection Ratio 
PSRR- 
~Vss = :!:5%, AIN = 10 V 
1/2 
4 
LSB 


DIGITAL 
INPUTS 
Logic Input High Voltage 
VINH 
CS, RD, HBEN 
204 
V 
Logic Input Low Voltage 
V1NL 
CS,RD, 
HBEN 
0.8 
V 
Logic Input Current 
I1N 
CS, RD, HBEN 
:!:1 
~ 
Digital Input Capacitance 
CIN 
Digital Inputs, CS, RD, HBEN, CLKIN 
7 
10 
pF 


DIGITAL 
OUTPUTS 
Logic Output High Voltage 
VOH 
ISOURCE= 0.2 mA 
4 
V 


Logic Output Low Voltage 
VOL 
IS1NK= 1.6 mA 
0.4 
V 


Three-State 
Output Leakage 
Ioz 
Dll-DO/8 
10 
~ 
Digital Output Capacitance 
CoUT 
Dll-DO/82 
8 
15 
pF 


DYNAMIC PERFORMANCE 


Conversion Time 
TC 
fCLK = 1.25 MHz' 
Synchronous Clock 
lOA 
fLS 


Asynchronous Clock 
.lOA 
11.2 
fLS 


NOTES 
IConverter inactive; CS, RD = High, A1N = + 10 V. 
2Guaranteed by design. 
3See Synchronizing Start Conversion information in Converter Operation Details. 
Typicals (typ) are median values measured at +25°C. See Typical Performances Characteristics for additional information. 
Specifications subject to change without notice. 


3kQ 
TCL 


DGND '\1 


SV 
00'.4; 


CL 


~ 
DGND 


B. HIGH·Z TO VOL ('3) 
AND VOHTO VOL (I.) 


(VDD = +5 V ± 5%, Vss = -11.4 
V to -15.75 
V, VREFIN = -5 
V, Analog Input 0 to 


TIMING CHARACTERISTICS 
1. 
2 +10 V;Exte,:"alfell( = 1.25 MHz;-411"C to +85·C apply for ADC912AEIF,unless otherwise 
noted. See FIgures 3 to 6.) 


Parameter 
Symbol 
Conditions 
MiD 
Typ 
Max 
Units 


CS to RD Setup Time 
tl 
0 
ns 


RD to BUSY Propagation Delay 
t2 
150 
ns 


Data Access Time After READ 
t/ 
CL = 100 pF 
65 
125 
ns 


Read Pulse Width 
to' 
90 
ns 


CS to RD Hold Time 
t, 
0 
ns 


New Data Valid After BUSY 
~3 
CL = 100 pF 
-30 
0 
ns 


Bus Disconnect Time 
t: 
20 
60 
90 
ns 


HBEN to RD Setup Time 
t8 
0 
ns 


HBEN to RD Hold Time 
~ 
0 
ns 


Delay between Successive 
Read Operations 
tlO 
350 
250 
ns • 


NOTES 
'Guaranleed by design. 
'AIl input control signals are specified with t, = t, = S ns (10% to 90% of +S V) and timed from a voltage level of 1.6 V. 


3(3' t., and ~ are measured with the load circuits of Figure 1 and timed for and output to cross 0.8 V or 2.4 V. 


4(, is the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 


_1',( 
~ 
--1-~.--f- 
j 
~ 
t7 


Figure 3. Parallel Read Timing Diagram, Slow-Memory 
Mode (HBEN = LDW) 


.~S- 


NEW DATA 
DB,,-DBa 


DATA 
OUTPUTS 
07 
D. 
Os 
D. 
0"" 
02110 
0,/9 
00/9 


FIRST READ 
DB, 
Oils 
DB. 
DB. 
DB. 
DB. 
DB, 
DBa 


SECOND 
READ 
LOW 
LOW 
LOW 
LOW 
OB11 
D~ 
Oils 
DB. 


Figure 4. Two-Byte Read Timing Diagram, Slow-Memory 
Mode 


DATA 
OUTPUTS 
0" 
0,. 
0, 
D. 
0, 
D. 
D. 
D. 
0"" 
02110 0,/9 
00/9 


FIRST READ 
OBl1 
DB,. 
Oils 
DB. 
DB7 
DB. 
DB. 
DEl, 
DB. 
De, 
DB, 
DB. 
(OLD DATA) 


SECOND 
OB11 
DB,. 
DB. 
DB. 
DB7 
DB. 
DB. 
DB. 
DB. 
DB. 
DB, 
DB. 
READ 


Figure 5. Parallel Read Timing Diagram, ROM Mode 
(HBEN = LOW) 


DATA 
OUTPUTS 
07 
D. 
D. 
D. 
0"" 
02110 
0,/9 
00/9 


FIRST ReAD (OLD DATA) 
DB, 
08. 
08. 
OBo 
08. 
De, 
08, 
DBa 


SECOND 
READ 
LOW 
LOW 
LOW 
LOW 
DBl1 
D~ 
DB. 
DB. 


THIRD 
READ 
DB7 
DB. 
DB. 
DB. 
DB. 
DB. 
DB, 
DB. 


Voo to DGND 
-0.3 
V to +7 V 
Vss to DGND 
+0.3 V to -17 V 
VREFIN to DGND 
Vss to V00 
AGND to DGND 
-0.3 
V to Voo 
+0.3 V 
A1N to AGND 
-IS 
V to + IS V 
Digital Input Voltage to DGND, 
Pins 17, 19-21 
-0.3 
V to Voo 
+0.3 V 
Digital Output Voltage to DGND, 
Pins 4--11,13-16,18,22 
-0.3 
V to Voo 
+0.3 V 
Operating Temperature 
Range 
Extended Industrial: 
ADC912AElF 
-40°C to +85°C 
Storage Temperature 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 
Maximum Junction Temperature 
(TJ max) 
150°C 
Package Power Dissipation 
: . (TJ max-TA)/aJA 
Thermal Resistance aJA 
Cerdip 
64°C/W 
Plastic DIP 
57°C/W 
S01C-24 
70°C/W 


Temperature 
INL 
Package 
Model 
Range 
(LSB) 
Options 


ADC912AEW 
-40°C to +85°C 
± 1/2 
Cerdip 
ADC912AFP 
-40°C to +85°C 
±I 
Plastic DIP 
ADC912AFW 
-40°C to +85°C 
±I 
Cerdip 
ADC912AFS 
-40°C to +85°C 
±I 
S01C-24 
ADC912AGBC 
+25°C 
±I 
Dice 


Analog Input Voltage 
Output Code· 


Oto+lOV 
-lOVto+lOV 
DBll 
(MSB) 
DB. (LSB) 


+FS - 
I LSB 
9.9976 V 
9.99951 V 
I I I I 
I I I I 
I I I I 
+FS - 
I 1/2 LSB 
9.9964 
9.9927 
IIII 
I I I I 
III 
<I> 


Mid Scale + 1/2 LSB 
5.0012 
0.0024 
1000 
0000 
000<1> 
Mid Scale 
5.0000 
0.0000 
1000 
0000 
0000 


-FS 
+ 1/2 LSB 
0.0012 
-9.9976 
0000 
0000 
000<1> 
-FS 
0.0000 
-10.000 
0000 
0000 
0000 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


• •••• 
_ 
••• 
__ 
• 
_ •••••• 
_ 
\~ 
-DO 
- 
I.., 
.•, .•SS 
- 
16.. 
UI -hI., 
WREF - 
-tj 
W, "IN 
- 
U, ioUTIU', 
dllU 
IA = £'1 
'"', 
unless otherwise noted) 


ADC·912AG 
Parameter 
Symbol 
Conditions 
Limit 
Units 


Integral Nonlinearity 
INL 
±l 
LSB max 


Differential Nonlinearity 
DNL 
±l 
LSB max 


Offset Error 
VZSE 
Guaranteed by Design 
±8 
LSB max 


Gain Error 
GFSE 
±8 
LSB max 


Analog Input Resistance 
RAIN 
4/6 
kO minimax 
Logic Input High Voltage 
VINH 
CS,RD, 
HBEN 
2.4 
Vmin 
Logic Input Low Voltage 
VINL 
CS,RD, 
HBEN 
0.8 
Vmax 


Logic Input Current 
IIN 
CS, RD, HBEN 
±I 
!LAmax 


Logic Output High Voltage 
VOH 
ISOURCE= 0.2 mA 
4 
Vmin 
Logic Output J-ow Voltage 
VOL 
ISINK = 1.6 mA 
0.4 
Vmax 


Positive Supply Current 
IDD 
VDD = +S V, CS = RD = VDD, AIN = +10 V 
7 
mAmax 
Negative Supply Current 
Iss 
Vss = -12 V, CS = RD = VDD, AIN = +10 V 
S 
mAmax • 


NOTE 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guar- 
anteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 


Die Size 0.122 x 0.148 inch, 18,056sq. mils 
(3.098 x 3.759 mm, 11.65 sq. mm) 


1. A'N 
2. 
VREFIN 
3. AGND 
4. 0" 
5. 0'0 
6. D. 
7. D. 
8.07 
9. D. 
10. D. 
11. D. 
12.DGND 


13. 03111 
14. 02110 
15. 0". 
16. 001. 
17. ClK IN 
18. ClK OUT 
19. HBEN 
20. RD 
21. cs 
22. BUSY 


23. V•• 
24. Voo (Substrate} 


R=100 
C, = O.Ol.F 
Co = '.7.F 
NC = NO CONNECT 


Pin 
Mnemonic 
Description 


1 
AIN 
Analog Input. 0 to + 10 volts. 


2 
VREF1N 
Voltage Reference Input. Requires external - 5 V reference. 


3 
AGND 
Analog Ground. 


4 ... 
11 
011 
... D. 
Three state data outputs become active when CS and RD are brought low. 


13 ... 
16 
03111 .•. 00/. Individual pin function is dependent 
upon High Byte Enable (HBEN) input. 


DATA BUS OUTPUT, 
CS & RD = LOW 


Pin 4 
Pin 5 Pin 6 Pin 7 Pin 8 Pin 9 Pin 10 Pin II 
Pin 13 Pin 14 Pin IS Pin 16 


Mnemonic· 
011 
010 
D. 
D. 
07 
D. 
0, 
D. 
03/11 
02110 
01/9 
DOl. 


HBEN = LOW 
DB 11 DB 10 DB. 
DB. 
DB7 
DB. 
DB, 
DB. 
DB3 
DB2 
DB, 
DBo 


HBEN = HIGH 
DB 11 DBIO 
DB. 
DB. 
Low 
Low 
Low 
Low 
DBlI 
DB 10 
DB. 
DB. 


NOTES 


*Dll 
... 
D0/8 are the ADC 
data output 
pins. 
DBII 
... 
DBo are the 12-bit conversion results. DB" is the MSB. 


12 
DGND 
Digital Ground. 
17 
CLKIN 
Clock Input pin. An external TTL compatible clock may be applied to this pin. Alternatively a crystal or 
ceramic resonator may be connected between CLK IN (Pin 17) and CLK OUT (Pin 18). 
18 
CLKOUT 
Clock Output pin. An inverted CLK IN signal appears at CLK OUT when an external clock is used. See 
CLK IN (Pin 17) description for crystal (resonator). 
19 
HBEN 
High Byte Enable input. Its primary function is to multiplex the 12-bits of conversion data onto the lower 


07 
... DOl. outputs (4 MSBs or 8 LSBs). See pin description 4 ... 
11 and 13 ... 
16. Also disables 
conversion start when HBEN is high. 


20 
RD 
READ input. This active LOW signal, in conjunction with CS, is used to enable the output data three- 
state drivers and initiates a conversion if CS and HBEN are low. 


21 
CS 
CHIP SELECT input. This active LOW signal, in conjunction with RD, is used to enable the output data 
three-state drivers and initiates a conversion if RD and HBEN are low. 
22 
BUSY 
BUSY output indicates converter status. BUSY is LOW during conversion. 
23 
Vss 
Negative Supply, -12 
V or -IS 
V. 
24 
VDD 
Positive Supply, +5 V. 
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Linearity Error vs. Conversion 
Time 


CIRCUIT 
CHARACTERISTICS 
The characteristic 
curves provide more complete static and dy- 
namic accuracy information necessary for repetitive sampling 
applications often used in DSP processing. One of the important 
characteristic 
curves provided displays integral nonlinearity error 


(INL) versus output code with a typical value of ± 1/4 LSB. An- 
other very important 
characteristic 
associated with INL is the 
transition noise shown in the transition noise cross plot. The 
ADC-912A offers extremely small, ± 1/6 LSB, transition noise 
which maintains the system signal-to-noise ratio in DSP process- 
ing applications. 
Code repetition plots show the precision inter- 
nal comparator of the ADC-912A making the same decision 
every time for dc input voltages. Code repetition along with no 
missing codes assures proper performance when the ADC-912A 
is used in servo-control systems. 


CONVERTER 
OPERATION 
DETAILS 
The CS, RD and HBEN digital inputs control the start of con- 
version. A high-to-Iow on both CS and RD initiate a conversion 
sequence. The HBEN high-byte-enable 
input must be low or 
coincident with the read RD input edge. The start of conversion 
resets the internal successive approximation 
register (SAR) and 
enables the three-state outputs. 
See Figure 8. The busy line is 
active low during the conversion process. 


During conversion, the SAR sequences the internal voltage out- 
put DAC from the most significant bit (MSB) to the least signif- 
icant bit (LSB). The analog input connects to the comparator 
via a 5 kf1 resistor. The DAC which has a 2.5 kf1 output resis- 
tance connects to the same comparator input. The comparator, 
performing a zero crossing detection, tests the addition of suc- 
cessively weighted bits from the DAC output versus the analog 
input signal. The MSB decision occurs 200 nsec after the second 
positive edge of the CLK IN following conversion initiation. 
The remaining 
11-bit trials occur after the next 11 positive CLK 
IN edges. Once a conversion cycle is started it cannot be 
stopped or restarted, 
without upsetting the remaining bit deci- 
sions. Every conversion cycle must have 13 negative and positive 
CLK IN edges. At the end of conversion the comparator input 
voltage is zero. The SAR contains the 12-bit data word repre- 
senting the analog input voltage. The BUSY line returns to logic 
high, signaling end of conversion. The SAR transfers the new 
data to the 12-bit latch. 


SYNCHRONIZING 
START 
CONVERSION 
Aligning the negative edge of RD with the rising edge of CLK 
IN provides synchronization 
of the internal start conversion sig- 
nal to other system devices for sampling applications. 


When the negative edge of RD is aligned with the positive edge 
of CLK IN, the conversion will take 10.4 microseconds. 
The 
minimum setup time between the negative edge of CLK IN and 
the negative edge of RD is 180 nanoseconds. 
Without 
synchro- 


nization the conversion time will vary from 12.5 to 13.5 clock 
cycles. See Figure 9.:&=-~ 


CLKIN 
••• V\.. 


t 
t 
t 
t 
DB" 
DB,o 
DBg 
DBa 


(MSB) 
BIT DECISION 
MADE 


Figure 9. External Clock Input Synchronization 


POWER ON INITIALIZATION 
During system power-up the ADC-912A comes up in a random 
state. Once the clock is operating or an external clock is applied, 
the first valid conversion begins with the application of a high- 
to-low transition on both CS and RD. The next 13 negative 
clock edges complete the first conversion producing 
valid data at 
the digital outputs. 
This is important in battery operated systems 


where power supplies are shut down between measurement times. 


DRIVING 
THE ANALOG 
INPUT 
During conversion, the internal DAC output current modulates 
the analog input current at the CLK IN frequency of 1.25 MHz. 
The analog input to the ADC-912A must not change during the 
conversion process. This requires an external buffer with low 
output impedance at 1.25 MHz. Suitable devices meeting this 
requirement 
include the OP-27, OP-42, and the SMP-l1. 


INTERNAL 
CLOCK 
OSCILLATOR 
Figure 10 shows the ADC-912A internal clock circuit. The clock 
oscillates at the external crystal or ceramic resonator frequency. 
The 1.25 MHz crystal or ceramic resonator connects between 
the CLK IN (Pin 17) and the CLK OUT (Pin 18). Capacitance 
values (C 1, C2) depend 
on the crystal or ceramic reoonatot" man- 


ufacturer. 
The crystal vendors should be qualified due to varia- 


tions in Cl and C2 values required from vendor to vendor. 
Typical values range from 30 pF to 100 pF. 


EXTERNAL 
CLOCK 
INPUT 
A TIL 
compatible signal connected to CLK IN provides proper 
converter clock operation. 
No connection is necessary to the 
CLK OUT pin. The duty cycle of the external clock input 
can vary from 45% to 55%. Figure 9 shows the important 
waveforms. 


EXTERNAL 
REFERENCE 
A low output resistance, negative five volt reference is neces- 
sary. The external reference should be able to supply 3 mA of 
reference current. A bypass capacitor is necessary on the refer- 
ence input lead to minimize system noise as the internal DAC 
switches. The reference input to the internal DAC is code de- 
pendent requiring anywhere from zero to 3 mA. The reference 
voltage tolerance has a direct influence on AID converter full- 
scale voltage, and the maximum input full-scale voltage equals 
2 x -VREF• 
The ADC-912A is designed for ratiometric opera- 
tion, but operation using reference voltages between -5.00 
V 
and 0 V will result in degraded linearity performance. 
Integral 
linearity is fully tested and guaranteed for references of - 5 V. 
Figure 11 provides a good negative five volt reference that does 
not require precision resistors. 


2 
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REF-Q2 


TRIM 
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GND 


4 


Figure 11. Negative Five Volt Reference 


UNIPOLAR 
ANALOG 
INPUT 
OPERATION 
Figure 12 shows the ideal input/output 
characteristic 
for the 0 V 
to 10 V input range of the ADC-912A. The designed output- 
code transitions occur midway between successive integer LSB 
values (i.e., 0.5 LSB, 1.5 LSBs, 2.5 LSBs ... 
FS - 
1.5 LSBs). 
The output code is natural binary with 1 LSB = FS/4096 = 
(10/40%) V = 2.44 mV. The maximum full-scale input voltage 
is (10 x 4095/4096) V = 9.9976 V. 
~j:l 
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Figure 12. Ideal ADC-912A Input/Output Transfer 
Characteristic 


OFFSET 
AND FULL·SCALE 
ERROR ADJUSTMENT, 
UNIPOLAR 
OPERATION 
For applications where absolute accuracy is important 
offset and 
full-scale errors can be adjusted to zero. Figure 13 shows the 
extra components required for full-scale error adjustment. 
Zero 
offset is achieved by adjusting the null offset of the op amp 
driving AIN. 
• 


-12V 
FULL-SCALE 
ADJUST 
200Q 


A': 
OP-27 
- 
LOWEST 
NOISE 
(TRIMMER 
CONNECTS 


BETWEEN 
PINS 
1 & 8, WIPER 
TO +12V) 
OP-42 
- BEST 
BANDWIDTH 


-EXTRA 
PINS OMITTED 
FOR CLARITY 


Figure 13. Unipolar 0 V to + 10 V Operation 


Adjust the zero scale first by applying 1.22 mV (equivalent to 
0.5 LSB input) to VIN. 
Adjust the op amp offset control until 
the digital output toggles between 0000 0000 0000 and 0000 
00000001. 
The next step is adjustment 
of full scale. Apply 
9.9963 V (equivalent to FS -1.5 
LSB) to V1N and adjust Rl 
until the digital output toggles between 1111 1111 1110 and 
1111 1111 1111. 


BIPOLAR ANALOG 
INPUT 
OPERATION 
Bipolar analog input operation is achieved with an external am- 
plifier providing an analog offset. Figures 14 and 15 show two 
circuit topologies that result in different digital-output 
coding. 


In Figure 14, offset binary coding is produced when the external 
amplifier is connected in the inverting mode. Figure 16 shows 
the ideal transfer characteristics for both the inverting and non- 
inverting configurations 
given in Figures 14 and 15. 


R3 


R, = R2 = 20kQ 
SEE TABLE II FOR VALUES OF R30 R•• Rz, RFS 
AI: 
OP-27 LOWEST NOISE. OP-42 BEST BANDWIDTH 
·EXTRA PINS OMITTED FOR CLARITY 


Figure 14. Noninverting Bipolar Analog Input Operation 


The scaling resistors chosen in bipolar input applications should 
be from the same manufacturer 
to obtain good resistor tracking 


performance over temperature. 
When potentiometers 
are used 
for absolute adjustment, 
0.1 % tolerance resistors should still be 
used as shown in Figures 14 and IS to minimize temperature 
coefficient errors. 


SEE TABLE 
III FOR VALUES 
OF R,. R2. R3. R •• Rz, RFS 
Al: 
OP·27 LOWEST 
NOISE. OP-42 BEST BANDWIDTH 
*EXTRA 
PINS OMITTED 
FOR CLARITY 


Figure 15. Inverting Bipolar Analog Input 


Calibration of the bipolar analog input circuits (Figures 
14 and 
IS) should begin with zero adjustment 
first. Apply a + 1/2 LSB 
analog input to AIN, 
(see Tables 11and 111)and adjust Rz until 
the successive digital output codes flicker between the following 
codes: 


1000 0000 0000 
1000 0000 000 I 


Olll 
III1 
IIII 
Olll 
IIll 
11I0 


Next, adjust full scale by applying a FS-3/2 LSB analog input 
to AIN, 
(see Tables 11and Ill) and adjust RFS until the succes· 
sive digital output codes flicker between the following codes: 


For noninverting, 
Figure 14 
IIII 
III I IIIO 
IIII 
IIII 
III1 


For inverting, 
Figure 15 
0000 0000 000I 
0000 0000 0000 


Table /I. Resistor and Potentiometer 
Values Required for 
Figure 14 


V1N Range 
R3 
R. 
Rz 
RFs 
1/2 LSB 
FS/2-3/2 
LSB 
Volts 
kfi 
kfi 
kfi 
kfi 
mV 
Volts 


±2.5 
0 
40.2 
0.5 
0.5 
0.61 
2.49817 
±5.0 
20.0 
19.8 
0.5 
1.0 
1.22 
4.99634 
±1O.0 
29.8 
10.0 
0.5 
0.5 
2.44 
9.99268 


Table 1/1. Resistor and Potentiometer 
Values Required for 
Figure 15 


V1N Range 
R, 
R2 
R3 
Rz 
RFS 1/2 LSB 
FS/2-3/2 LSB 
Volts 
kfi 
ill 
kfi 
kfi kfi 
mV 
Volts 


±2.5 
20.0 
41.2 
40.2 
2 
I 
0.61 
2.49817 
±5.0 
20.0 
20.5 
20.0 
I 
I 
1.22 
4.99634 
±IO.O 
20.0 
10.5 
10.2 0.5 
I 
2.44 
9.99268 


MICROPROCESSOR 
INTERFACING 
The ADC·912A has self·contained logic for both 8·bit and 16·bit 
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Figure 16. Ideal Input/Output 
Transfer Characteristics for 
Bipolar Input Circuits 


data bus interfacing. 
The output data can be formatted into 
either a 12·bit parallel word for a 16·bit data bus or an 8·bit 
data word pair for an 8·bit data bus. Data is always right justi· 
fied, i.e., LSB is the most right·hand 
bit in a 16·bit word. For a 
two· byte read, only data outputs 07 
••• 
0018 are used. Byte 
selection is governed by the HBEN input which controls an in· 
ternal digital multiplexer. 
This multiplexes the 12·bits of con· 
version data onto the lower 07 ••• 
00/8 outputs (4 MSBs or 8 
LSBs) where it can be read in two read cycles. The 4 MSBs al· 
ways appear on 011 ... 
08 whenever the three·state output 
drivers are turned on. See Figure 17. 


Two AID conversion modes of operation are available for both 
data bus sizes: the ROM mode and the Slow·Memory mode. 
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Figure 17. Internal Logic for control Inputs CS,RD,& HBEN 


In the ROM mode each READ instruction 
obtains new, valid 
data assuming the minimum timing requirements 
are satisfied. 


However, since the data output from a current READ instruc· 
tion was generated from a conversion initiated by a previous 
READ operation, 
the current data may be out·of·date. 
To be 
sure of obtaining up·to·date data, READ instructions 
may be 
coded in pairs (with some Naps 
between them); use only the 
data from the second READ in each pair. The first READ 
starts the conversion, the second READ gets the results. 


The Slow-Memory mode is the simplest mode. It is the method 
of choice where compact coding is essential, or where software 
bugs are a hazard. In this mode, a single READ instruction 
will 


initiate a data conversion, interrupt 
the microprocessor 
until 
completion rwAIT states are introduced), 
then read the results. 


If the system throughput 
tolerates WAIT states, and the hard- 
ware is correct, then the Slow-Memory mode is virtually im- 
mune to subsequent 
software modifications. 
Placing the 
microprocessor 
in the WAIT state has an additional advantage 
of quieting the digital system to reduce noise pickup in the ana- 
log conversion circuitry. 
The 12-bit parallel Slow-Memory mode 
provides the fastest analog sampling rate combined with digital 
data transfer rate for sampled-data 
systems. 


PARALLEL 
READ, SLOW-MEMORY 
MODE (HBEN = 
LOW) 
Figure 3 shows the timing diagram and data bus status for Par- 
allel Read, Slow-Memory Mode. CS and RD going low triggers 
a conversion and the ADC-912A acknowledges by taking BUSY 
low. Data from the previous conversion appears on the three- 
state data outputs. 
BUSY returns high at the end of conversion, 
when the output latches have been updated, 
and the conversion 
result is placed on data outputs Dl1 
... 
Do/s' 


TWO-BYTE 
READ, SLOW-MEMORY 
MODE 
For a two-byte read only the 8 data outputs D7 
••• 
Do/s are 
used. Conversion start procedure and data output status for the 
first read operation is identical to Parallel Read, Slow-Memory 
Mode. See Figure 4, Timing Diagram and Data Bus Status. At 
the end of conversion, the low data byte (DB7 
••• 
DBO) is read 
from the ND converter. 
A second READ operation with HBEN 
high places the high byte on data outputs D31l1 
••• 
Do/s and 
disables conversion start. Note the 4 MSBs also appear on data 
outputs Dl1 
••. 
Ds during these two READ operations. 


PARALLEL 
READ, ROM MODE (HBEN = LOW) 
A conversion is started with a READ operation. The 12 bits of 
data from the previous conversion are available on data outputs 
Dl1 
••• 
DOIS (see Figure 5). This data may be disregarded if 
not required. 
A second READ operation reads the new data 
(DBl1 
••• 
DBo) and starts another conversion. A delay at least 
as long as the ADC-912A conversion time must be allowed be- 
tween READ operations. 
If a READ takes place prior to the 
end of 13 CLKS of the ADC conversion, the remaining bits not 
yet tested will be invalid. 


TWO-BYTE 
READ, ROM MODE 
For a two-byte read only the data outputs D7 
••• 
Do/s are used. 


Conversion is started in the same way with a READ operation 
and the data output status is the same as the Parallel Read, 
ROM Mode. See Figure 6, Two-Byte Read Timing Diagram. 
Two more READ operations are required to obtain the new 
conversion result. A delay equal to the ADC-912A conversion 
time must be allowed between conversion start and places the 
high byte (4 MSBs) on data outputs D3Il1 
••• 
DOIs' 
A third 
READ operation accesses the low data byte (DB7 
••• 
DBO) and 
starts another conversion. The 4 MSBs also appear on data out- 
puts Dl1 
•.. 
Ds during all three read operations above. 


CIRCUIT 
LAYOUT 
GUIDELINES 
As with any high speed AID converters good circuit layout prac- 
tice is essential. Wire-wrap boards are not recommended 
due to 
stray pickup of the high frequency digital noise. A PC board 
offers the best results. Digital and analog grounds should be 


separated even if they are ground planes instead of ground 
traces. Don't lay digital traces adjacent to high impedance ana- 
log traces. Avoid digital layouts that radiate high frequency 
clock signals, i.e., don't layout 
digital signal lines and ground 
returns in the shape of a loop antenna. 
Shield the analog input if 
it comes from a different PC board source. Set up a single point 
ground at AGND (Pin 3) of the ADC-912A; tie all other analog 
grounds to this point. Also tie the logic power supply ground, 
but no other digital grounds, 
to this point (see Figure 18). Low 
impedance analog and digital power supply common returns are 
• 
essential to low noise operation of the ADC. Their trace widths 
should be as wide as possible. Good power supply bypass capac- 
itors located near the ADC package insures quiet operation. 
Place a 10 I1F capacitor in parallel with a 0.01 I1F ceramic ca- 
pacitor across VDD to ground and Vss to ground (near Pin 3). 


Figure 18. Power Supply Grounding 


In applications where the ADC-912A data outputs and control 
signals are connected to a continuously active microprocessor 
bus, it is possible to get LSB level errors in conversion results. 
These errors are due to a feedthrough 
from the microprocessor 
to the internal comparator. 
The problem can be minimized by 
forcing the microprocessor 
into aWAIT 
state during conversion 


(see Slow-Memory microprocessor 
interfacing). 
An alternate 
method is isolation of the data bus with three-state 
buffers, such 
as the 74HC541. 


INTERFACING 
TO THE TMS32010 
DSP PROCESSOR 
Figure 19 shows an ADC-912A to TMS32010 interface. The 
ADC-912A is operating in the ROM mode. The interface is de- 
signed for the maximum TMS32010 clock frequency of 20 
MHz. 


The ADC-912A is mapped at a user-selected port address (PA). 
The following I/O instruction starts a conversion and reads the 
previous conversion into the data memory: 


DATA = Data Memory Location 


When conversion is complete, a second I/O instruction reads the 
new data into the data memory and starts another conversion. 
Sufficient AID conversion time must be allowed between I/O 
instructions. 
The very first data read after system power-up 
should be discarded. 


USING WAIT STATES 
The TMS32020 DSP processor has the added capability of 
WAIT states. This feature simplifies the hardware required for 
slow memory devices by extending the microprocessor bus ac- 
cess time. Figure 20 shows an ADC-912A to TMS32020 inter- 
face using one WAIT state to guarantee data interface at the full 
20 MHz clock frequency. This WAIT state extends the bus ac- 
cess time by 200 ns. In this circuit the ADC-9l2A 
operated in 
the ROM mode where each input instruction (IN DATA, PAl 
takes the previous conversion result and stores it in memory. 
The next input instruction 
must be delayed for the length of the 
AID conversion time so that a new conversion result can be 
read. 


SLOW-MEMORY MODE OPERATION USING WAIT 
STATES 
The WAIT state feature of the TMS32020 can also be used to 
operate the ADC-912A in the Slow-Memory mode. This is ac- 
complished by driving the clock input of the 7474 flip-flop in 
Figure 20, from the BUSY output of the ADC-912A, instead of 


the CLK OUT I of the TMS32020. Once a conversion has 
started the READY input of the TMS32020 is not released until 
the ADC-912A completes its l2-bit AID conversion. This stops 
the TMS32020 during the conversion process reducing micro- 
processor system noise generation. Another advantage for the 
system software is the single instruction 
IN MEM, PA used to 
start, process, and read the results of the AID conversion. This 
makes the software code more transportable 
between systems 
operating at different clock speeds. The disadvantage is some 
loss in instruction processing time. 


Figure 20. ADC-912A to TMS32020 Interface Using Wait 
States 
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FEATURES 
Guaranteed Nonlinearity: ±0.003% FSR max 
351JS Maximum Conversion Time 
Small Size 2" X 2" X 0.4" 
Wide Power Supply Operation: t12V to ±17V 


APPLICATIONS 
Process Control Data Acquisition 
Seismic Data Acquisition 
Nuclear Instrumentation 
Medical Instrumentation 
Pulse Code Modulation Telemetry 
Industrial Scales 
Robotics 


GENERAL DESCRIPTION 
The ADC1140 is a low cost 16-bit successive-approximation 
analog-to-digital converter having a 35/.1smaximum conversion 
time. This converter provides high accuracy, hi~h stability and 
low power consumption 
all in a 2" X 2" X 0.4' module. 


High accuracy performance 
such as integral and differential 
nonlinearity 
of to.OO3% 
FSR max are both guaranteed. 
Guar- 
anteed stability such as differential nonlinearity 
TC of t2ppm/ 
°c maximum, offset TC of t30/.lV/C maximum, gain TC of 
tl2ppm/C 
maximum 
and power supply sensitivity 
of 
to.002% of FSR/% Vs are also provided by the ADC1140. 
The ADC1140 makes extensive use of both integrated circuit 
and thin-f1lm components 
to obtain excellent performance, 


small size and low cost. The internal 16-bit DAC incorporates 
Analog Devices' proprietary 
thin-film resistor technology and 
proprietary 
CMOS current-steering 
switches. A low noise ref- 


erence, low power comparator 
and low power successive-ap- 


proximation 
register are also used to optimize the ADC1140's 
design (shown in Figure 1). 


Low Cost, 16-Bit 
Analog-to-Digital 
Converter 


ADCl140 
I 


DIGITAL 
GROUND 
gg~:~~21 


II 
16·81T CMOS 
DIGITAl·lO·ANALOG 
CONVERTER 


19 
LSB 
18 
BIT 15 


17 
BIT 14 


16 
BIT 13 


15 
BIT 12 
14 
BIT 11 


13 
BIT 10 
12 
81T9 


l' 
BIT 8 
10 
BIT 7 
9 
BIT6 


8 
BITS 


7 
BIT4 


6 
BIT3 
5 
BIT 2 


4 
MSB 


The ADC1140 can operate with power supplies ranging from 
tl2V 
to tl7V 
and has provisions for a user supplied ex- 
ternal reference. Four analog input voltage ranges are selectable 
via pin programming: t5V, tl0V, 0 to +5V and 0 to +10V. 
Bipolar coding is provided in the offset binary and two's com- 
plement formats with unipolar coding displayed in true binary. 


RESOLUTION 
16 Bits 


CONVERSION 
TIME 
3S/ls max 


ACCURACY' 
Nonlinearity 
Error 
±0.003% FSR2 max 
Differential 
Nonlinearity 
Error 
±0.003% FSR2 max 


STABILITY 
Differential 
Nonlinearity 
±2ppm/oC max 
Gain (with internal reference) 
±12ppmfC 
max 
(without 
internal reference) 
±4ppmfCmax 
Unipolar Offset 
±30/lVfCmax 
Bipolar Offset 
±7ppm/oC max 


POWER SUPPLY SENSITIVITY 
±0.002% 
FSR/% Vs 


ANALOG INPUT 
Voltage Ranges 
Bipolar 
±SV, ±10V 
Unipolar 
o to +SV, 0 to +10V 
Inpu t Resistance 
o to +SV 
2.SkU 
Oto +10V,±SV 
S.OH2 
±10V 
10.0kU 
External Reference 
Input· 
Voltage Range 
o to +12V 
Input Resistance 
- 
2.SkU 
DIGITAL INPUT 
Convert Command 
Positive Pulse, lOOns Width min 
Negative Edge Triggered 
Logic Loading 
1TTL Load 


DIGITAL OUTPUT 
Parallel Output 
Data 
Unipolar 
Binary (BIN) 
Bipolar 
Offset Binary (OBIN) Two's Complement 
Output 
Drive 
1TTL Load 
Status 
Logic "I" 
During Conversion 
Output 
Drive 
1TTL Load 


INTERNAL 
REFERENCE 
VOLTAGE 
+10V, ±0.3% 
External Load Current 
(Rated Performance) 
2mAmax 
Temperature 
Stability 
±8.SppmfC 
max 


POWER REQUIREMENTS· 
Voltage (Rated Performance) 
±lSV ±3%, +SV ±3% 
Voltage (Operating) 
±12V to ±17V, +4.7SV to +S.2SV 
Supply Current Drain 
±lSV 
±2SmA 
+SV 
lS0mA 


TEMPERATURE 
RANGE 
Specified 
o to +70oC 
Operating 
-2SoC to +8SoC 
Storage 
-SSoC to +8SoC 


SIZE 
2" X 2" X 0.4" (51 X Sl X 10.4mm) 
Weight 
1.2 oz (33g) 


NOTES 


1 Offset and gain error are adjustable to zero by means of external 
potentiometers. 
See Figure 3 for proper connection. 
• FSR means Full Scale Range. 


I Rated performance is specified with + lO.OV reference. 


"Recommended 
Power Supply, 
Analog Devices Model 923. 
Specifications 
subject to change without notice. 


UUTLINI' 1JIMt.N~lUN~ 
Dimensions 
shown in inches and (mm). 
r--- 2.01(51.1)MAX-----l-.l.. 


I 
J 


O'" 
.L _- 
(~~ 


~ 
0.01910.48' CIA 
:-r 


~2(5.01MIN 
"1 


24 
2.01 


BOTTOM VIEW 
~ 
l-O.l (2.51 GRID 


TERMINAL 
PINS INSTALLED 
ONLY 
IN SHADED HOLE LOCATIONS. 


MATING CONNECTORS 
AClS77 
(2 REQUIRED) 


PIN FUNCTION 
PIN FUNCTION 


1 
+5V 
32 
+15V 
2 
DIGITAL GROUND 31 
-15V 
3 
MSS 
30 
ANALOG 
GROUND 
• 
MS8 
29 
ANALOG 
IN 1 
5 
BIT 2 
29 
ANALOG 
1HZ 
• 
BIT 3 
V 
ANALOG IN3 
7 
81T4 
26 
.,0V 
REF OUT 
• 
BITS 
25 
REFERENCE IN 
• 
BITe 
2. 
OFFSET ADJUST 
,. 
BIT 7 
23 
NOT USED 
11 
BIT 8 
22 
STATUS 
'2 
BIT 9 
2' 
CONVERT COMMAND 
'3 
BIT 10 
2Q 
NOT USED 
,. 
BIT 11 
,. 
LSB 
15 
BIT 12 
,. 
BIT 15 
'6 
BIT 13 
17 
BIT 14 


OPERATION 
For operation, 
the only connections 
to the ADC1140 that are 
necessary are the power supplies, internal or external reference, 
input voltage pin programming, 
convert command 
and digital 
output. 
Refer to Table I for input pin programming 
and 
Figure 3 for offset and gain calibration. 


ANALOG 
28 
IN #2 


ANALOG 
IN #3 


•••-- 
+10V 
: 
REF OUT 


••.•_- 
REF 
IN 


ANALOG INPUT PROGRAMMING 
The analog input section consists of three analog input termi- 
nals. Analog input range selection is accomplished 
by pin pro- 
gramming as shown in Table I. 


In the unipolar mode, a 0 to +lOV or a 0 to +SV input signal 
develops a 0 to +2mA current that is compared 
to the 0 to 
-2mA (shown in Figure 2) current output 
of the DAC. 


In the bipolar mode, a +lmA offset current from the reference 
is applied to the comparator 
input via pin programming 
con- 


nections. 
The ADC1140 can then accept either ±SV or ±10V 
inpu ts. These inpu ts again will be converted 
to current 
and 
compared 
with the DAC's 0 to -2mA current 
output. 


Table I. Analog Input Voltage Pin Programming 


Connect 
Input 
Connect 
Connect 
Input 
Signal 
Signal 
To 
Pin 26 To 
Pin 30 To 
Range 
Coding 
Pin(s) 
Pin- 
Pin(s) 


±10V 
OBIN, Two's 
Camp 
28 
27 
29.2 
±5V 
OBIN, Two's 
Camp 
29 
27 
28.2 


o to +5V 
BIN 
27.28.29 
Open 
2 


o to +10V 
BIN 
27.28 
Open 
29.2 


-If Int~rnal Reference is used, Pins 25 and 26 must be connected together through 
a son potentiometer or 24.9fl 
IlXedresistor (see Figure 3 and the gain calibration 
section). 


OPTION OFFSET 
& GAIN CALIBRATION 
Initial offset and gain errors can be adjusted to zero by poten- 
tiometers as shown in Figure 3. Proper offset and gain calibra- 
tion requires great care and the use of an accurate 
and stable 
voltage reference. 
The voltage standard 
used as a signal 
source must be very stable. It should be capable of being set 
to within IJJV of the desired value at both ends of its range. 
The potentiometers 
selected should be of the good quality 
Cermet type. Multi-turn 
potentiometers 
having ten to fifteen 
turns and 100ppmlC 
temperature 
coefficients 
will be 
adequate. 
The temperature 
coefficients 
contributed 
by these 


Cermet potentiometers 
will be less than O.lppmlC. 


By adjusting the offset first, gain and offset adjustments 
will 
remain independent 
of each other. 


ANALOG 
INPUT #3 


+10V REF OUT 


AEF IN 


OFFSET ADJ 
• 


Figure 3. Offset and Gain Calibration 


OFFSET CALIBRATION 
For 0 to +10V range, set the input voltage precisely to +76JJV; 
for 0 to +SV range, set it at +38JJV. Adjust the zero potentio- 
meter until the binary coded converter is just on the verge 
of switching from 000 ... 
00 to 000 ... 
01. 


For ±SV range, set the input voltage precisely to -4.999924V; 
for ±10V range, set it at -9.999847V. 
Adjust the zero poten- 
tiometer 
until the offset binary coded units are just on the 
verge of switching from 000 ... 
00 to 000 ... 
01 and the 
two's compo coded units are just on the verge of switching 
from 100 ... 
0 to 100 ... 
1. 


GAIN CALIBRATION 
Set the input voltage precisely at +9.99977V 
for 0 to +10V 
input range, +4.99977V 
for ±SV input range, +9.999S4V 
for 
±10V input range, or +4.99988V 
for 0 to +SV input range, 
adjust the gain potentiometer 
until binary and offset binary 
coded units are just on the verge of switching from 111 ... 
0 
to 111 ... 
1 and two's compo coded units are just on the verge 
of switching from 011 ... 
10 to 011 ... 
11. Note that these 
values are 1 1/2 LSBs less than nominal full scale. 


POWER SUPPLY AND GROUNDING 
CONNECTIONS 
The analog power ground (pin 30) and digital ground (pin 2) 
are not connected 
internally. 
The connection 
must be made 
externally. 
The choice of an optimum 
"star" 
point is an 
important 
consideration 
in avoiding ground loops and to 
minimize coupling between the analog and digital sections. 
One suggested approach 
is shown in Figure 4. 


Because the ADC1140 contains high quality tantalum 
capaci- 
tors on each of the power supply inputs to ground, external 
bypass capacitors 
are not required. 


Figure 4. Power Supply and Grounding Techniques 


ADC1140 TIMING 
Conversion is initiated 
with the negative going edge of the 
Convert Command pulse as shown in Figure S. The Convert 
Command pulse width must be a minimum 
of lOOns. Once the 
conversion process is initiated, 
it cannot be retriggered until 
after the end of conversion. 


With the negative edge of the Convert Command 
pulse, all 
internal logic is reset. The MSB is set low with the remaining 
digitial outputs 
set to logic high state, and the status line is 
set high and remains high thm the full conversion cycle. 


During conversion each bit, starting with the MSB, is sequen- 
tially switched low at the rising edge of the internal clock. The 
DAC output is then compared to the analog input and the bit 
decision is made. Each comparison lasts one clock cycle with 
the complete 16-bit conversion taking 35fJsmaximum. At this 
time, the STATUS line goes low signifying that the low con- 
version is complete. 
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Figure 5. ADC1140 Timing Diagram 


ANALOG INPUT/OUTPUT RELATIONSHIPS 
The ADC1140 produces a true binary coded output when 
configured as a unipolar device. Configured as a bipolar device, 
it can produce either offset binary or two's complement out- 
put codes. The most significant bit (MSB) is displayed on pin 
4 for the binary and offset binary codes or on pin 3 for the 
two's complement code. Table II shows the unipolar analog 
input/digital output relationships. Table III shows the bipolar 
analog input/digital 
output relationships for offset binary 
code and two's complement codes. 


Tab/e II. 
Unipolar Input/Output 
Re/ationships 


Analog 
Input 
o to +SV 
Range 
Binary 
Code 


1111111111111111 
1000 0000 0000 0000 
0100000000000000 
0010 0000 0000 0000 
0000 0000 0000 0001 
0000 0000 0000 0000 


+9.99985V 
+5.00000V 
+2.50000V 
+1.25000V 
+0.000153V 
+O.OOOOOV 


+4.999924V 
+2.50000V 
+1.25000V 
+0.62500V 
+0.000076V 
+O.OOOOOV 


Analog 
Input 
Digital Output 


±SV Range 
±10V 
Range 
Offset 
Binary 
Code 
2 's Complement 
Code 


+4.99985V 
+9.99970V 
1111111111111111 
0111111111111111 


+2.50000V 
+5.00000V 
1100 0000 0000 0000 
0100000000000000 
+0.000153V 
+0.000305V 
1000 0000 0000 0001 
0000 0000 0000 0001 
+O.OOOOOV +O.OOOOOV 
1000 0000 0000 0000 
0000 0000 0000 0000 


-5.00000V 
-1O.00000V 
0000 0000 0000 0000 
1000 0000 0000 0000 


HIGH RESOLUTION DATA ACQUISITION SYSTEM 
Shown in Figure 6 is a high resolution data acquisition system. 
Here the SHAl144, 
a high resolution sample-hold amplifier, 
is used to drive the ADC1140. Conversion is initiated by the 
negative edge of the convert command pulse. At this time the 
STATUS pulse goes low causing the SHA1144 to go from the 


sample mode to the hold mode. When the conversion is com- 
plete, 35fJslater, the STATUS pulse goes low, thus placing 
the SHA1144 in the sample mode. 


Figure 6. High Resolution Data Acquisition System 


EXTERNAL REFERENCE 
The ADC1140 is capable of operating with an external +10.0Y 
reference. Simply disconnect the gain trim potentiometer 
from 
pin 26 and connect it to the external reference as shown in 
Figure 7. The external reference output must appear as a low 
impedance and must remain very stable during conversion 
to insure that accuracy is maintained. Gain error is adjusted 
as previously discussed in the gain calibration section. 


DIGITAL 
OUTPUT 
COOING· 
K ~ 


K" 0.5 FOR 
!.10V 
RANGE 


K" 
1 FOR 
,15V. AND 
0 TO 
+10V 
RANGES 
K" 2 FOR 0 TO +5V RANGES 


Figure 7. Externa/ Reference 
The ADC1140 is factory tested and calibrated with the in- 
ternal +10.0Y reference voltage but nonstandard external 
voltages can be used with the digital output coding being 
determined by the formula shown in Figure 7. 


PIA INTERFACE 
The ADC1140 can be used with a PIA to interface directly to 
a microprocessor. As shown in Figure 8 the 16-bit output of 
the ADC1140 is split into two 8-bit bytes. Part A of the PIA 
is programmed to read the eight most-significant-bits 
while 
Part B reads the eight least-significant-bits. Output CB2 is used 
to start the ADC1140 conversion process. CBl, of the PIA, is 
used to sense the STATUS of the ADC1140 so that the end of 
conversions can be determined. The control bus, address bus, 
and data bus are then connected directly to the microprocessor. 


With the use of PIAs, control of one or more ADC1140s can 
be accomplished in many different configurations. 
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V/FANDF/V 
CONVERTERS 


Pulse Output 


AD652 (Synchronous/2 
MHz FS) 
AD650 (1 MHz FS) 
ADVFC32 
(500 kHz FS) 
Y Square 
Wave Output I 


AD654 (Single 
Supply/500 
kHz FS) 
AD537 (150 kHz FS) 


Complete 
Module 


451 (10 kHz FS) 
453 (100 kHz FS) 


Integrated 
Circuit 


AD650 (Up to 1 MHz FS) 
ADVFC32 
(Up to 500 kHz FS) 


Selection Guide 
V/F and FN Converters 


FS 
Calib 
Full-Scale 
Linearity 
Error 
Input 
Frequency 
% 
% 
Output 
Range 
Package 
Temp 
Model 
MHz 
max 
typ 
Format 
V 
Optionsl 
Range2 
Page 
Comments 


AD652 
2 
0.005-0.05 
0.25-0.5 
Pulse Train 
o to 10, ±5 
3,4,5 
C,I,M 
C II 3-27 
Synchronous, 
Multiple Input Ranges, 
o to -10 
Low Linearity, Single Supply 
AD650 
0.005-0.1 
S-IO 
Pulse Train 
o to 10, ±5 
1,2,5 
C,I,M 
C II 3-15 
Low Nonlinearity, 
Multiple Input Ranges 
o to -10 
AD654 
0.5 
0.1~.4 
10 
Square Wave 
o to (Vs) 
2,6 
C 
C II 3-43 
Single Supply, Low Cost 
ADVFC32 
0.5 
0.01~.2 
5 
Pulse Train 
o to 10 
2,7 
C,I,M 
C II 3-51 
Industry Standard 
AD537 
0.15 
0.07~.25 
5 
Square Wave 
-Vs to (+Vs-4) 
1, 7 
C,M 
C II 3-7 
Single Supply, Military Grade 


Frequency-to-Voltage 
Converters 


Response 
Input 
Linearity 
Time 
Range 
% 
ms 
Package 
Temp 
Model 
kHz 
max 
typ 
Options I 
Range2 
Page 
Comments 


451 
o to 10 
0.0~.008 
4 
Module 
I 
C I 11-4, C II 12-4 
Complete, No External Components 
453 
o to 100 
0.0~.008 
0.8 
Module 
I 
C I 11-4, C II 12-4 
Complete, No External Components 
AD650 
o to 1000 
0.005-0.1 
1,2,5 
C,I,M 
C II 3-15 
Low Nonlinearity 
ADVFC32 
o to 500 
0.01~.2 
2,7 
C,I,M 
C II 3-51 
Industry Standard 


'Package Options: I ~ Hermetic DIP, Ceramic or Melal; 2 = Plastic or Epoxy Sealed DIP; 3 ~ Cerdip; 4 ~ Ceramic Leadless Chip Carrier; 5 ~ Plastic Leaded Chip Carrier; 6 ~ Small Outline "SOIC" Package 
7 = Hermetic Metal Can; 8 ~ Hermetic Metal Can DIP; 9 ~ Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 ~ Single-In-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceram 
Glass DIP; I4 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = TO-n. 
'Temperature Ranges: C ~ Commercial, 0 to +7O"C; I = Industrial, -40"C to +8S'C (Some older products -2S'C to +8S'C); M ~ Military, -SS'C to + 12S'C. 
Boldface Type: Product recommended for new design. 


I 


Orientation 
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VOLTAGE·TO·FREQUENCY 
CONVERTERS 
Voltage-to-frequency 
converters (VFCs) convert analog voltage 
or current levels to pulse trains or square waves in a logic- 
compatible form (usually TfL) at frequencies that are accu- 
rately proportional 
to the analog quantity. The output 
continuously tracks the input signal, responding directly to 
changes in the input signal; external clock synchronization 
is not 
required. VIF converters fInd applications in analog-to-digital 
converters with high resolution, long-term high-precision inte- 
grators, two-wire high-noise-immunity 
digital transmission and 
digital voltmeters. 


FREQUENCY·TO·VOLTAGE 
CONVERTERS 
Frequency-to-voltage 
converters (FVCs) perform the inverse 
operation; they accept a wide variety of periodic waveforms and 
produce an analog output proportional to frequency. Combining 
adjustable threshold, 
gain and output offset with low linearity 
error, FN converters offer economical solutions to a wide vari- 
ety of applications where it is required to convert frequency to 
an analog voltage. Examples are motor-speed controllers, power- 
line frequency monitors and vea stabilization circuits. In 
analog-to-analog data transmission, 
they convert serially trans- 
mitted data in the form of pulse streams back to analog voltage. 


Applications of both forms of conversion, as appropriate to spe- 
crnc device types, are illustrated with varying degrees of detail 
on the individual data sheets. 


FACTORS IN CHOOSING VFCs AND FVCs 
The charge-balance and the astable-multivibrator 
type architec- 
tures are two design techniques used to implement the voltage- 
to-frequency function. The output of a charge balance VFC is a 
train of pulses of constant width and height, with very low duty 
cycles for small analog inputs. An astable-multivibrator 
VFC 
produces a square wave for its output. 


The charge-balance converter architecture 
used for the AD650 is 
shown in Figure I. It comprises a summing integrator, a current 
source and steering switch, a comparator, 
a one-shot, and an 
output transistor. 
The input signal current may be provided di- 
rectly by a current source or be generated by an input voltage 
across R'N' This current is exactly balanced by an internal feed- 
back current delivered in the form of precision pulses from the 
switched I mA internal current source. These current pulses can 
be thought of as precisely defmed packets of charge. The re- 
quired number of charge packets, each producing one pulse at 
the output transistor, 
depends upon the amplitude of the input 
current signal. Since the number of charge packets delivered per 
unit time to the summing junction is related to the input signal 
current amplitude by a linear function, the voltage-to-frequency 
transformation 
is achieved. 


This architecture allows for a full-scale frequency up to IMHz 
and can achieve linearity errors as low as 0.005%. Excellent 
noise rejection is achieved since the charge balance architecture 
is performing a continuous integration on the input signal. Also, 
it has a dynamic range of up to six decades allowing for ex- 
tremely high resolution measurements. 
A F-V conversion may 
be easily implemented 
with this architecture. 
Full-scale fre- 
quency, gain error, and linearity are signifIcantly determined 
by 
the stability, accuracy, and proper selection of the one-shot 
capacitor and RIN• 


A variation of this architecture known as a synchronous voltage- 
to-frequency converter is used on the AD652 shown in Figure 2. 
This modifJed charge-balance type architecture uses an external 
clock to defme the full-scale output frequency, rather than de- 
pend on the stability of an external one-shot capacitor, there- 
fore improving upon the temperature 
drift specrncations. 
It is 
capable of producing a 2 MHz full-scale output and can achieve 
linearity errors as low as 0.002%. Also, by referencing the com- 
parator and analog input to an on-chip 5 volt reference, the de- 
vice may operate single supply. 


The astable-multi vibrator architecture 
used on the AD654 and 
the AD537 is shown in Figure 3. It uses a current controlled 
precision multivibrator 
as the primary timing element. An oper- 
ational amplifier converts the input voltage into a proportional 
unipolar current which drives the multivibrator 
circuit and tim- 


ing capacitor through n-p-n transistors. 
This current determines 
the charging and discharging rate of the timing capacitor which 
in turn determines the frequency of operation of the multivibra- 
tor circuit. The frequency output is a square wave delivered via 
an open-collector n-p-n transistor whose emitter is returned to 
digital ground for high noise immunity against digital spikes. 


The power consumption of a multivibrator 
VFC can be very 
low: for example, the AD654 can operate on single supply volt- 
ages as low as 4.5 volts and consume a maximum of 3.0 mA 
quiescent current. 
The device can operate with a full-scale fre- 
quency up to 500 kHz and achieve voltage-to-frequency 
nonlin- 


earity as low as 0.03%. Also, the square wave output allows it to 
be ac coupled without introducing 
de level shifts with a change 
in frequency. 


The frequency-to-voltage 
conversion may be easily implemented 
with the charge-balance VFCs such as the AD650 by reconfigur- 
ing it and by adding a simple logic biasing network. The device 
may convert frequencies up to 1 MHz to full-scale output volt- 
ages up to 10 volts. The AD652 synchronous VFC may also be 
configured for this function when an application requires a 
higher degree of linearity. The AD537 and AD654 may also be 
used in a F-V converter application as the oscillator in a phase 
locked loop when used in conjunction with a quad nand gate 
which serves as a phase comparator. 
• 


SPECIFICATIONS 
The salient specifications for VFCs are (non)linearity, 
as a per- 


centage of full-scale frequency; frequency 
range, the greater the 
frequency range, the greater the resolution for a given counting 
period; full-scale-calibration 
error; gain-temperature 
coefficient, 
in 
ppm of signal per °C, where "gain" is the ratio of full-scale fre- 
quency to full-scale voltage; input-offset 
temperature 
coefficient; 
overrange capability, 
within rated specifications, and step response, 
the worst-case time interval required for the frequency to re- 
spond to a full-scale-step input change. 


For FVCs, important 
specs, in addition to accuracy specs corre- 
sponding to the above, include output ripple (for specified input 
frequencies), 
threshold (for recognition that another cycle has 
been initiated and for versatility in interfacing various types of 
sensors directly), hysteresis (to provide a degree of insensitivity to 
noise superimposed on a slowly-varying input waveform) and 
dynamic 
response (important in motor control). 


Definitions of some critical specifications, and the conditions for 
adjusting or measuring them, are detailed on individual data 
sheets. 
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FEATURES 
Low Cost A-D Convenion 
Versatile Input Amplifier 
Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, 
Low Drift 
Single Supply. 5 to 36 Volts 
Linearity: 
±0.05% 
FS 
Low Power: 1.2mA Quiescent 
Current 
Full Scale Frequency 
up to 100kHz 
1.00 Volt Reference 
Thermometer 
Output 
(1mV/K) 
F-V Applications 
F-V Applications 
MILoSTD-883 Compliant 
Versions Available 


PRODUCT DESCRIPTION 
The ADS37 is a monolithic V-F converter consisting of an in- 
put amplifier, a precision oscillator system, an accurate inter- 
nal reference generator and a high current output stage. Only 
a single external RC network is required to set up any full 
scale (F.S.) frequency up to 100kHz and any F.S. input vol- 
tage up to ±30V. Linearity error is as low as ±O.OS%for 10kHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
The overall temperature 
coefficient (excluding the effects of 
external components) 
is typically ±30ppmtC. 
The ADS37 
operates from a single supply of S to 36V and consumes only 
1.2mA quiescent current. 


A temperature-proportional 
output, scaled to 1.00mV/K, 
enables the circuit to be used as a reliable temperature-to- 
frequency converter; in combination with the fixed reference 
output of 1.00V, offset scales such as O°C or O°F can be 
generated. 


The low drift (lIlV /0 C typ) input amplifier allows operation 
directly from small signals (e.g., thermocouples 
or strain gages) 
while offering a high (2S0Mil) input resistance. Unlike most 
V-F converters, the ADS37 provides a square-wave output, and 
can drive up to 12 TTL loads, LEDs, vety long cables, etc. 


The excellent temperature 
characteristics and long-term stabil- 
ity of the ADS 37 are guaranteed by the primary band-gap 
reference generator and the low T.C. silicon chromium thin 
film resistors used throughout. 


The device is available in either a TO-116 ceramic DIP or a 
TO-IOO metal can; both are hermetically sealed packages. 


The ADS37 is available in three performance/temperature 
grades; the J and K grades are specified for operation over the 
o to +70 
0C range while the ADS37S is specified for operation 
over the extended temperature 
range, -SSoC to +12S C. 


Integrated Circuit 
Voltage-to-Frequency Converter 


AD537* 
I 
• 


PRODUCT HIGHLIGHTS 
1. The ADS 37 is a complete V-F converter requiring only an 
external RC timing network to set the desired full scale 
frequency and a selectable pull-up resistor for the open- 
collector output stage. Any full-scale input voltage range 
from 100mV to 10 volts (or greater, depending on +Vs) can 
be accommodated 
by proper selection of timing resistor. 


The full scale frequency is then set by the timing capacitor 
from the simple relationship, f = V11ORe. 


2. The power supply requirements are minimal, only 1.2mA 
quiescent current is drawn from a single positive supply 
from 4.S to 36 volts. In this mode, positive inputs can vary 
from 0 volts (ground) to (+VS - 4) volts. Negative inputs can 
easily be connected for below ground operation. 


3. F-V converters with excellent characteristic are also easy to 
build by connecting the ADS37 in a phase-locked loop. Ap- 
plication particulars are shown in Figure 6. 


4. The versatile open-collector NPN output stage can sink up 
to 20mA with a saturation voltage less than 0.4 volts. The 
Logic Common terminal can be connected to any level be- 
tween ground (or -Vs) and 4 volts below +Vs. This allows 
easy direct interface to any logic family with either positive 
or negative logic levels. 


S. The ADS37 is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Product Databook 
or current ADS37/883B data sheet for detailed specifications. 


AD537 - 
SPECIFICATIONS 
(typical @ +25°& with Vs (total) = 5 to 36V. unless otherwise noted.) 


MODEL 


CURRENT-TO-FREQUENCY 
CONVERTER 
Frequency 
Range 
Nonlinearity 
I 


fm •• = 10kHz 
fm •• = 100kHz 


Full 
Scale Calibration 
Error 


C = O.OII'F. 
IIN = 1.0000A 


vs. Supply 
(fm •• < 100kHz) 
vs. Temp. 
(Tmin 
to Tmax> 


ANALOG 
INPUT 
AMPLIFIER 


(Voltage-co-Current 
Converter) 
Voltage 
Inpu t Range 
Single 
Supply 


Dual 
Supply 


Input Bias Current 
(Either 
Input) 


Input 
Resistance 
(Non-Inverting) 


Input 
Offset 
Voltage 


(Trimm 
able 
in "0" 
Package 
Only) 


vs. Supply 
vs. Temp. 
(Tmin 
to Tmax> 


Safe 
Inpur 
Voltage' 


REFERENCE 
OUTPUTS 
Voltage 
Reference 
Absolute 
Value 


vs. Temp. 
(Tmin 
to Tmax> 
vs. Supply 
Output 
Resistance4 


Absolute 
Temperature 
References 
Nominal 
Output 
Level 
Initial Calibration 
@ +2SoC 
Slope 
Error 
from 
I.OOmV IK 
Slope 
Nonlinearity 


OutpUt 
ResistanceS 


OUTPUT 
INTERFACE 
(Open 
CollectorOurpur) 
(Symmetrical 
Square 
Wave) 


Output 
Sink 
Current 
in Logic 
"0" 


VOUT=O.4Vmax. 
Tmin roTmax> 
Output 
Leakage 
Current 
in Logic 
"1" 
(Tmin to Tmax> 


Logic 
Common 
Level 
Range 
Rise/Fall 
Times 
(Cr 
= O.OII'F) 


IIN = ImA 


IIN = II'A 


POWER 
SUPPLY 
Voltage, 
Ratcd 
Pcrfonnancc 
Single 
Supply 


Dual 
Supply 


Quicsccnt 
Currcnt 


TEMPERATURE 
RANGE 
Ratcd 
Pcrfonnancc 


Storagc 


PACKAGE 
OPTIONS·" 


TO·116 
Ceramic 
DIP (0-14) 
TO·IOO 
Header 
(H-IOA) 


ADS37SD' 
ADS37SH' 


O.IS% 
max 
(0.1% 
ryp) 


0.2S% 
max 
(0.1 S% ryp) 


±10% 
max 


±O.I%/V 
max 
(0.01% 
ryp) 
±ISOppmfC 
max 
(SOppm 
ryp) 


SmVmax 
200I'V/V 
max 
SI'V/oC 
±VS 


2mVmax 
lOOI'V/V 
max 


II'VfC. 


1.00 
Volt 
±S% max 
SOppmfC 
±0.03%/V 
max 
380n 


l.00mV/K 


298mV 
(±SmV) 
±0.02mV/K 
±O.IK 
900n 


4.SV 
to 36V 
±S w±18V 
1.2mA 
(2.SmA 
max) 


NOTES 
·Specifications 
same as AD537JH. 


"Specifications 
same as ADS37K. 


Specifications 
subject to chanle without notice. 


I Nonlinearity 
is specified for a current input level (JrN) to the 
converter from 0.1 to 1(x)()~A. Con"erter 
has 100% overrange 
capability up to fIN = 2000IlA with slightly reduced linearity. 
Nonlinearity 
is defined as deviation from a straiBht line from 


zero to fun scale, expressed as a percentage of full scale. 
, Guaranteed 
not tested. 


I Maximum voltage input level is equal to the supply on either 
input terminal. However, large negative voltage levels can be 
applied to the nelative terminal if the input is scaled to a nominal 
ImA full scale through an appropriate 
value resistor (see Figure 2). 
• Loading the 1.0 volt or ImV /K outputs can cause a significant chqe 
in overall circuit performance, 
as indicated in the applications 
section. 
To mllintain normal operation, 
these outputs should be operated 
into the: external buffer or an external amplifier. 


'Temperature: 
reference output performance: is specified from 0 to +70oC 
for "J" aDd "K" devices, _55°C to +12SoC for "S" model. 


'D ••Ceramic DIP; H = Hermetic Metal Can. For outline information 


~~ Package Info""ation 
s.ection. 
'For 
ADS37/8838 
specifications, 
refer to Analog Dnices 
Military 
Products Databook. 


QRCUIT 
OPERATION 
Block diagrams of the AD5 37 are shown above. A versatile 
operational 
amplifier (BUF) serves as the input stage; its 
purpose is to convert and scale the input voltage signal to a 
drive current in the NPN follower. Optimum performance 
is 
achieved when, at the full scale input voltage, a 1mA drive cur- 
rent is delivered to the current-to-frequency 
converter. The 
drive current to the current-to-frequency 
converter (an astable 
multivibrator) 
provides both the bias levels and the charging 
current to the externally connected timing capacitor. This 
"adaptive" 
bias scheme allows the oscillator to provide low 
nonlinearity 
over the entire current input range of 0.1 to 
20001lA. The square wave oscillator output goes to the output 
driver which provides a floating base drive to the NPN power 
transistor. This floating drive allows the logic interface to be 
referenced to a different level than -Vs. The "SYNC" input 
("D" package only) allows the oscillator to be slaved to an 
external master oscillator; this input can also be used to shut 
off the oscillator. 


The reference generator uses a band-gap circuit (this allows 
single-supply operation to 4.5 volts which is not possible with 
low T.e. zeners) to provide the reference and bias levels for the 
amplifier and oscillator stages. The reference generator also 
provides the precision, low T.C. 1.00 volt output and the 
VTEMPoutput which tracks absolute temperature 
at 1mV/K. 


Y-F CONNECTION FOR POSITIVE INPUT VOLTAGES 
The positive voltage input range is from -Vs (ground in single 
supply operation) 
to 4 volts below the positive supply. The 
connection 
shown in Figure 1 provides a very high (250MU) 
input impedance. The input voltage is converted to the proper 
drive current at pin 3 by selecting a scaling resistor. The full 
scale current is 1mA, so, for example a 10 volt range would 
require a nominal10kU 
resistor. The trim range required will 
depend on capacitor tolerance. Full scale currents other than 
1mA can be chosen, but linearity will be reduced; 2mA is the 
maximum allowable drive. 


As indicated by the scaling relationship in Figure 1, a O.OlIlF 
timing capacitor will give a 10kHz full scale frequency, and 
O.OOlIlF 
will give 100kHz with a 1mA drive current. The maxi- 
mum frequency is 150kHz. Polysryrene or NPO ceramic capa- 
citors are preferred for T .C. and dielectric absorption; 
poly- 
carbonate or mica are acceptable; other types will degrade line- 
arity. The capacitor should be wired very close to the AD5 37. 


V-F CONNECTIONS FOR NEGATIVE INPUT VOLTAGE 
OR CURRENT 
A wide range of negative input voltages can be accommodated 
with proper selection of the scaling resistor, as indicated in 
Figure 2. This connection, 
unlike the buffered positive con- 
• 
nection, is not high impedance since the 1mA F.S. drive cur- 
rent must be supplied by the signal source. However, very large 
negative voltages beyond the supply can be handled easily; just 
modify the scaling resistors appropriately. 
Diode CR1 (HP5082- 


2811) is necessary for overload and latchup protection 
for cur- 
rent or voltage inputs. 


If the input signal is a true current source, R 1 and Rz are not 
used. Full scale calibration can be accomplished by connecting 
a 200kU pot in series with a fixed 27kU from pin 7 to -Vs 
(see calibration section, below). 


Figure 2. V-F Connections 
for Negative 
Input 
Voltage 
or 
Current 


11""[ IS rnmmea oy aaJusrment ot me sCalmg teSISIOtK and the 
second by the (optional) potentiometer 
connected to +Vs and 
the Vos pins ("D" package only). Precise calibration requires 
the use of an accurate voltage standard set to the desired FS 
value and a frequency meter; a scope is useful for monitoring 
output waveshape. Verification of lineariry requires the avail- 
ability of a switch able voltage source (or a DAC) having a lin- 
earity error below ±0.005%, and the use of long measurement 
intervals to minimize count uncertainties. 
Every AD53 7 is 
automatically 
tested for linearity, 
and it will not usually be 
necessary to perform this verification, which is both tedious 
and time-consuming. 


Although drifts are small it is good practice to allow the op- 
erating environment to attain stable temperature 
and to en- 
sure that the supply, source and load conditions are proper. 
Begin by setting the input voltage to 1110,000 of full scale. 
Adjust the offset pot until the output frequency is 1110,000 
of full scale (for example 1Hz for FS of 10kHz). This is most 
easily accomplished using a frequency meter connected to the 
output. Then apply the FS input voltage and adjust the gain 
pot until the desired FS frequency is indicated. In applications 
where the FS input is small, this adjusrment will very slightly 
affect the offset voltage, due IOthe input bias current of the 
buffer amplifier. A change of 1kn in R will affect the input 
by approximately 
100j.tV, which is as much as 0.1% of a 
100mV FS range. Therefore, it may be necessary to repeat 
the offset and scale adjusrments for the highest accuracy. The 
design of the input amplifier is such that the input voltage 
drift after offset nulling is typically below 1j.tVt" C. 
In some cases the signal may be in the form of a negative cur- 
rent source. This can be handled in a similar way to a negative 
input voltage. However, the scaling resistor is no longer re- 
quired, eliminating the capability of trimming full scale in this 
fashion. Since it will usually be impractical to vary the capac- 
itance, an alternative calibration scheme is needed. This is 
shown in Figure 3. A resistor-potentiometer 
connected from 
the VR output to -Vs will alter the internal operating con- 
ditions in a predictable way, providing the necessary adjust- 
ment range. With the values shown, a range of ±4% is available; 
a larger range can be attained by reducing R 1. This technique 
does not degrade the temperature-coefficient 
of the converter, 
and the linearity will be as for negative input voltages. The 
minimum supply voltage may be used. 


selected to be 5% below the nominal value; with R2 in its mid- 
position the output frequency is given by 


f= 
I 
10.5 X C 


where f is in kHz, I is in mA and C is in j.tF. For example, for 
a FS frequency of 10kHz at a FS input of 1mA, C = 9500pF. 
Calibration is effected by applying the full-scale input and 
adjusting R2 for the correct reading. 


This alternative adjusrment scheme may also be used when it 
is desired to present an exact input resistance in the negative- 
voltage mode. The scaling relationship is then 


V 


RCXJICt 


1 
"---- 
10.5 C 


The calibration procedure is then similar to that used for posi- 
tive input voltages, except that the scale adjusrment is by 
means ofR2. 


INPUT PROTECTION 
The ADS37 was designed to be used with a minimum of ad- 
ditional hardware. However, the successful application of a 
precision IC involves a good understanding 
of possible pitfalls 
and the use of suitable precautions. 


The -VIN' +VIN and IIN pins should not be driven more than 
300mV below -Vs. This would cause internal junctions to con- 
duct, possibly damaging the Ie. The ADS37 can be protected 
from "below -Vs" inputs by a Schottky diode. CR1 (HPS082- 
2811) as shown in Figure 3. It is also desirable not to drive 
+VIN, -VIN and IIN above +Vs. In operation, the converter 
will become very nonlinear for inputs above (+Vs -3.SV). 
Control currents above 2mA will also cause nonlinearity. 


The 80dB dynamic range of the ADS37 guarantees opera- 
tion from a control current of 1mA (nominal FS) down to 
100nA (equivalent to 1mV to 10V FS). Below 100nA im- 
proper operation of the oscillator may result, causing a false 
indication of input amplitude. In many cases this might be 
due to short-lived noise spikes which become added to the 
input. For example. when scaled to accept a FS input of 1V, 
the -80dB level is only 100ttV, 
so when the mean input is 
only 60dB below FS OmV), noise spikes of 0.9mV are·suf- 
ficient to cause momentary 
malfunction. 


This effect can be minimized by using a simple low-pass 
fl1ter ahead of the converter and a guard ring around the 
IIN or -VIN pins. For a FS of 10kHz a single-pole filter with 
a time-constant 
of lOOms (Figure 2) will be suitable, but the 
optimum configuration 
will depend on the application and 
type of signal processing. Noise spikes are only likely to be a 
cause of error when the input current remains near its mini- 
mum value for long periods of time; above 100nA (lmV) 
full integration of additive input noise occurs. 


The ADS3 7 is somewhat susceptible to interference 
from 
other signals. The most sensitive nodes (besides the inputs) 
are the capacitor terminals and the SYNC pin. The timing 
capacitor should be located as close as possible to the 
ADS37 to minimize signal pickup in the leads. In some 
cases, guard rings or shielding may be required. The SYNC 
pin should be decoupled through a O.OOSttF (or larger) ca- 
pacitor to pin 13 (+Vs). This minimizes the possibility that 
the ADS37 will attempt 
to synchronize 
to a spurious signal. 


This precaution 
is unnecessary on the metal can package since 
the SYNC function is not brought out to a package pin 
and is thus not susceptible to pickup. 


DECOUPLING 
It is good engineering practice to use bypass capacitors on 
the supply-voltage pins and to insert small-valued resistors 
00 
to lOOn) in the supply lines to provide a measure of 
decoupling between the various circuits in a system. Ceramic 
capacitors of O.lttF 
to 1.OttF should be applied between the 
supply-voltage pins and analog signal ground for proper by- 
passing on the AD537. 


A decoupling capacitor may also be useful from +Vs to SYNC 
in those applications where very low cycle-to-cycle period vari- 
ation (jitter) is demanded. By placing a capacitor across +Vs 
and SYNC this noise is reduced. On the 10kHz FS range, a 
6.8ttF 
capacitor reduces the jitter to one in 20,000 which is 
adequate for most applications. A tantalum capacitor should 
be used to avoid errors due to dc leakage. 


NONLINEARITY 
SPECIFICATION 
The preferred method for specifying linearity error is in terms 
of the maximum deviation from the ideal relationship 
after 
calibrating the converter at full scale and "zero". This error 
will vary with the full scale frequency and the mode of opera- 
tion. The ADS37 operates best at a 10kHz full scale frequency 
with a negative voltage input; the linearity is typically within 
±O.OS%. Operating at higher frequencies or with positive inputs 
will degrade the linearity as indicates in the Specifications 
table. The shape of a typical linearity plot is given in Figure 4.• 
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INPUT 
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Figure 48. Typical Nonlinearity 
Error Envelopes with 10kHz 
F.S. Output 
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OUTPUT INTERFACING CONSIDERATIONS 
The design of the output stage allows easy interfacing to all 
digital logic families. The collector and emitter of the output 
NPN transistor are both uncommitted; 
the emitter can be tied 
to any voltage between -Vs and 4 volts below +Vs. The open 
collector can be pulled up to a voltage 36 volts above the emit- 
ter regardless of +Vs. The high power output stage can supply 
up to 20mA (lOmA for "H" package) at a maximum satura- 
tion voltage of 0.4 volts. The stage limits the output current 
at 25mA; it can handle this limit indefinitely without dam- 
aging the device. 
Figure 5 shows the AD5 37 with a standard 0 to +10 volt input 
connection and the output stage connections. 
The values for 
the logic common voltage, pull-up resistor, positive logic level, 
and -vs supply are given in the accompanying chart for several 
logic forms. 
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Figure 5. Interfacing Standard Logic Families 


APPLICATIONS 
The diagrams and descriptions 
of the following applications 
are provided to stimulate the discerning engineer with alter- 
native circuit design ideas. "Applications 
of the AD 537 IC 
Voltage-to-Frequency 
Converter", 
available from Analog 
Devices on request, covers a wider range of topics and con- 
cepts in data conversion and data transmission using voltage- 
to-frequency 
converters. 


TRUE lWO·WIRE DATA TRANSMISSION 
Figure 6 shows the AD5 37 in a true two-wire data transmission 
scheme. The twisted-pair transmission lines serves the dual pur- 
pose of supplying power to the device and also carrying fre- 
quency data in the form of current modulation. 
The PNP cir- 
cuit at the receiving end represents a fairly simple way for 
converting the current modulation 
back into a voltage square 
wave which will drive digital logic directly. The 0.6 volt square 
wave which will appear on the supply line at the device ter- 
minals does not affect the performance 
of the AD5 37 because 


of its excellent supply rejection. Also, note that the circuit 
operates at nearly constant average power regardless of 
frequency. 


F-V CONVERTERS 
The AD5 37 can be used as a high linearity VCO in a phase- 
locked loop to accomplish frequency-to-voltage 
conversion. 
By operating the loop without a low-pass filter in the feedback 
path (first-order system), it can lock to any frequency from 
zero to an upper limit determined 
by the design, responding 
in three or four cycles to a step change of input frequency. 
In 
practice, the overall response time is determined 
by the charac- 
teristics of the averaging filter which follows the PLL. 


Figure 7 shows a connection 
using a low-power TTL quad 
open-collector nand gate which serves as the phase comparator . 
The input signal should be a pulse train or square wave with 
characteristics 
similar to TTL or 5-volt CMOS outputs. 
Any 


duty cycle is acceptable, but the minimum pulse width is 40l-ls. 
The output voltage is one volt for a 10kHz input frequency. 
The output as shown here is at a fairly high impedance level; 
for many situations an additional buffer may be required. 


Trimming is similar to V-F application trimming. First set the 
Vos trimmer to mid-scale. Apply a 10kHz input frequency and 
trim the 2kU potentiometer 
for 1.00 volts out. Then apply a 
10Hz waveform and trim the Vos for 1mV out. Finally, retrim 
the full scale output at 10kHz. Other frequency scales can be 
obtained by appropriate 
scaling of timing components. 


TEMPERATURE-TO-FREQUENCY 
CONVERSION 
The linear temperature-proportional 
output of the ADS 37 can 
be used as shown in these applications to perform various direct 
temperature-to-frequency 
conversion functions; it can also be 
used with other external connections in a temperature 
sensing 
or compensation 
scheme. If the sensor output is used externally, 
it should be buffered through an op amp since loading that 
point will cause significant error in the sensor output as well 
as in the main V-F converter circuitry. 


An absolute temperature 
(Kelvin)-to-frequency 
converter 
is very easily accomplished, as shown in Figure 8. The 1mV 
per K output serves as the input to the buffer amplifier, which 
then scales the oscillator drive current to a nominal 298J.lAat 
+2SoC (298K). Use of a 1000pF capacitor results in a corres- 
ponding frequency of 2.98kHz. Setting the single 2kn 
trimmer 
for the correct frequency at a well-defined temperature 
near 
+2SoC will normally result in an accuracy of ±2°C from -SSoC 
to +12SoC (using an ADS37S). An NPO ceramic capacitor is 
recommended 
to minimize nonlineariry due to capacitance 
drift. 


Figure 8. Absolute Temperature to Frequency Converter 
OFFSET TEMPERATURE 
SCALES 
Many other temperature 
scales can be set up by offsetting the 
temperature 
output with the voltage reference output. 
Such a 
scheme is shown by the Celsius-to-frequency 
converter in 
Figure 9. Corresponding 
component values for a Fahrenheit- 
to-frequency 
converter which give IOHz/oF are given in paren- 
theses. 


A simple calibration procedure which will provide ±2° C accu- 
racy requires substitution 
of a 7.2 7k resistor for the series 
combination 
of the 6.04k with the 2k trimmer; then simply 
set the soon 
trimmer to give 2S0Hz at +2SoC. 


High accuracy calibration procedure: 


1. Measure room temperature 
in K. 


2. Measure temperature 
output at pin 6 at that temperature. 


3. Calculate offset adjustment 
as follows: 


Offset Voltage (mV) = VTEMP(pin 6) (mV) x 273.2 
Room temp (K) 


4. Temporarily disconnect 49n 
resistor (or soon 
pot) and 
trim 2kn pot to give the offset voltage at the indicated 
node. Reconnect 49n 
resistor. 


S. Adjust slope trimmer to give proper frequency at room 
temperature 
(+2SoC = 2S0Hz). 


Adjustment 
for of or any other scale is analogous. • 


lOUT 
10HlrC 
10k 
110HlfF) 


'5V 


Figure 9. Offset Temperature Scale Converters-Centigrade 
and (Fahrenheit) to Frequency 


SYNCHRONOUS OPERATION 
The SYNC terminal at pin 2 of the DIP package can be used to 
synchronize a free running AD53 7 to a master oscillator, either 
at a multiple or a sub-multiple of the primary frequency. The 
preferred connection 
is shown in Figure 10. The diodes are 
used to produce the proper drive magnitude from high level 
signals. The SYNC terminal can also be used to shut off the 
oscillator. Shorting the terminal to +Vs will stop the oscillator, 
and the output will go high (output 
NPN off). 
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Figure 11 shows the maximum pull-in range available at a given 
signal level; the optimum signal is a 0.8 to 1.0 volt square wave; 
signals below 0.1 volt will have no effect; signals above 2 volts 
pop will disable the oscillator. The AD537 can normally be 
synchronized 
to a signal which forces it to a higher frequency 
up to 30% above the nominal free-running frequency, 
it can 
only be brought down about 1-2%. 


0.' 


VSYNC SQUARE-WAVE 
INPUT VOLTS P-JI 
Figure ". 
Maximum Frequency Lock-In Range VersusSync. 


Signal 


UN EAR PHASE LOCKED LOOP 
The phase-locked-loop 
FN circuit described earlier operates 
from an essentially noise-free binary input. PLL's are also used 
to extract frequency information 
from a noisy analog signal. 


To do this, the digital phase-comparator 
must be replaced by a 
linear multiplier. In the implementation 
shown in Figure 12, 


the triangular waveform appearing across the timing capacitor 
is used as one of the multiplier inputs; the signal provides the 
other input. It can be shown that the mean value of the multi- 
plier output is zero when the two signals are in quadrature. 
In 
this condition, 
the ripple in the error signal is also quite small. 


Thus, the voltage at pin 5 is essentially zero, and the frequency 
is determined primarily by the current in the timing resistor, 
controlled either manually or by a control voltage. 


fFlEQUENCY· 
CONTROL lNf'UT 
OTO_IOY 
~ 


Figure 12. Linear Phase-Locked Loop 
Noise on the input signal affects the loop operation 
only 
slightly; it appears as noise in the timing current, but this 
is averaged out by the timing capacitor. On the other hand, 
if the input frequency changes there is a net error voltage 
at pin 5 which acts to bring the oscillator back into quadra- 
ture. Thus, the output at pin 14 is a noise-free square-wave 
having exactly the same frequency as the input signal. The 
effectiveness of this circuit can be judged from Figure 13 
which shows the response to an input of 1V rms 1kHz sinu-' 
soid plus IV rms Gaussian noise. The positive supply to the 
AD537 is reduced by about 4V in order to keep the voltages 
at pins 11 and 12 within the common-mode 
range of the 
AD534. 
Since this is also a first-order loop the circuit possesses a very 
wide capture range. However, even better noise-integrating 
properties can be achieved by adding a filter between the 
multiplier output and the VCO input. Details of suitable 
filter characteristics 
can be found in the standard texts on 
the subject. 


Figure 13. Performance of A 0537 Linear Phase- 
Locked Loop 
By connecting the multiplier output to the lower end of the 
timing resistor and moving the control input to pin 5, a high- 
resistance frequency-control 
input is made available. However, 
due to the reduced supply voltage, this input cannot exceed 
+6V. 


TRANSDUCER INTERFACE 
The ADS37 was specifically designed to accept a broad range 
of input signals, particularly small voltage signals, which may 
be converted directly (unlike many V-F converters which re- 
quire signal pre-conditioning). 
The 1.00V stable reference out- 
put is also useful in interfacing situations, 
and the high input 
resistance allows non-loading interfacing from a source of 
varying resistance, such as the slider of a potentiometer. 


THERMOCOUPLE INPUT 
The output of a Chromel-Constantan 
(Type E) thermocouple, 


using a reference junction at O°C, varies from 0 to 53.14mV 
over the temperature 
range 0 to +700 
0C with a slope of 


80.6 781lV /degree over most of its range and some nonlinearity 
over the range 0 to +200°C. For this example, we assume that 
it is desired to indicate temperature 
in Degrees Celsius using a 
counter/display 
with a lOOms gate width. Thus, the V-F con- 
verter must deliver an output of 7kHz for an input of 53.14mV. 
If very precise operation down to 0°C is imperative, some sort 
of linearizing is necessary (see, for example, Analog Devices' 
Nonlinear Circuits Handbook, pp92-97) but in many cases 
operation is only needed over part of the range. 


The circuit shown in Figure 14 provides good accuracy from 
+300 
0C to +700 
0C. The extrapolation 
of the temperature- 
voltage curve back to OoCshows that an offset of -3.34mV 
is 
required to fit the curve most exactly. This small amount of 
voltage can be introduced 
without an additional calibration 
step using the +1.00V output of the AD537. To adjust the 
scale, the thermocouple 
should be raised to a known refer- 
ence temperature 
near 500" C and the frequency adjusted to 
value usin~ R 1. Theoerror should be within ±0.2% over the 
range 400 C to 700 C. 


Figure 14. Thermocoup/e Interface with First-Drder 
Linearization 


AD650 


FEATURES 
V/F Conversion 
to 1MHz 
Reliable 
Monolithic 
Construction 
Very 
Low 
Nonlinearity 
0.002% typ at 10kHz 
0.005% typ at 100kHz 
0.07% typ 
at 1MHz 
Input 
Offset 
Trimmable 
to Zero 
CMOS or TTL Compatible 
Unipolar, 
Bipolar, 
or Differential 
V/F 
V/F or FN Conversion 
Available 
in Surface 
Mount 
MIL-STD-883-Compliant 
Versions 
Available 


PRODUCT 
DESCRIPTION 
The AD6S0 V/FN 
(voltage-to-frequency 
or frequency-to-voltage 


converter) provides a combination of high frequency operation 
and low nonlinearity previously unavailable in monolithic form. 
The inherent monotonicity of the V/F transfer function makes 
the AD6S0 useful as a high-resolution 
analog-to-digital converter. 


A flexible input configuration 
allows a wide variety of input 


voltage and current formats to be used, and an open-collector 
output with separate digital ground allows simple interfacing to 
either standard logic families or opto-couplers. 


The linearity error of the AD6S0 is typically 20ppm (0.002% of 
full scale) and SOppm (O.OOS%)maximum at 10kHz full scale. 
This corresponds to approximately 
14-bit linearity in an analog-to- 
digital converter circuit. Higher full-scale frequencies or longer 
count intervals can be used for higher resolution conversions. 
The AD6S0 has a useful dynamic range of six decades allowing 
extremely high resolution measurements. 
Even at IMHz full 


scale, linearity is guaranteed less than looOppm (0.1%) on the 
AD6S0KN, 
KP, BD and SD grades. 


In addition to analog-to-digital conversion, the AD6S0 can be 
used in isolated analog signal transmission applications, 
phased- 
locked-loop circuits, and precision stepper motor speed controllers. 
In the FN mode, the AD6S0 can be used in precision tachometer 
and FM demodulator 
circuits. 


The input signal range and full-scale output frequency are user- 
programmable 
with two external capacitors and one resistor. 
Input offset voltage can be trimmed to zero with an external 
potentiometer. 


The AD6S0JN and AD6S0KN are offered in a plastic 14-pin 
DIP package. The AD6S0JP and AD6S0KP are available in a 


• 


20-pin plastic leaded chip carrier (PLCC). Both plastic packaged 
versions of the AD6S0 are specified for the commerical (0 to 
+ 70°C) temperature 
range. For industrial temperature 
range 


( - 2SoC to + 8S°C) applications, 
the AD6S0AD and AD6S0BD 
are offered in a ceramic package. The AD6S0SD is specified for 
the full - SsoC to + 12SoCextended temperature 
range. 


PRODUCT 
HIGHLIGHTS 
I. In addition to very high linearity, the AD6S0 can operate at 


full scale output frequency up to IMHz. The combination of 
these two features makes the AD6S0 an inexpensive solution 
for applications requiring high resolution monotonic AID 
conversion. 


2. The AD6S0 has a very versatile architecture that can be 


configured to accommodate bipolar, unipolar, or differential 
input voltages, or unipolar input currents. 


3. TTL or CMOS compatibility is achieved using an open collector 
frequency output. The pullup resistor can be connected to 
voltages up to + 30V, or + ISV or + SV for conventional 
CMOS or TTL logic levels. 


4. The same components used for V/F conversion can also be 
used for FN conversion by adding a simple logic biasing 
network and reconfiguring the AD6S0. 


S. The AD6S0 provides separate analog and digital grounds. 


This feature allows prevention of ground loops in real-world 
applications. 


6. The AD6S0 is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD6S0/883B data sheet for detailed specifications. 


n ••-.. 
..•.• 
In> 
M.u 
Mia 
Tn> 
Mu 
Mia 
Tn> 
Mu 
VailS 


DYNAMIC PERFORMANCE 
Full Scale Frequency Range 
I 
I 
I 
MHz 


Nonlinearityl 
fmu = 10kHz 
0.002 
0.005 
0.002 
0.005 
0.002 
0.005 
'" 
100kHz 
0.005 
0.02 
0.005 
0.02 
0.005 
0.02 
'" 
500kHz 
0.02 
0.05 
0.02 
0.05 
0.G2 
0.05 
'" 
1MHz 
0.1 
0.05 
0.1 
0.05 
0.1 
'" 
Full Scale Calibration Erro,z, 100kHz 
=5 
=5 
=5 
'" 
IMHz 
=10 
=10 
=5 
'" 
vs. Supply) 
-0.015 
+0.015 
-0.015 
+0.015 
-0.015 
+0.015 
"'ofFSRN 
¥s. Temperature 
A, 8,and 
S Grades 
at 10kHz 
=75 
=75 
"75 
ppmrc 


at 100kHz 
=150 
= 150 
" ISO 
ppmI"C 


J and K Grades 
at 10kHz 
=75 
=75 
ppmrc 


at 100kHz 
= ISO 
=150 
ppmi"C 


BIPOLAR OFFSET 
CURRENT 


Activated by 1.24kO between pins 4 and S 
0.45 
0.5 
0.55 
0.45 
0.5 
0.55 
0.45 
0.5 
0.55 
mA 


DYNAMIC RESPONSE 
Maximum Settling Time for Full Scale 
Step Input 
I Pulse of New Frequency Plus 1J1S 
1PulseofNcw 
Frequency Plus I,...s 
1PulseofNcw 
Frequency Plus l,...s 
Overload Recovery Time 
Step Input 
1Pulse of New Frcquency Plus I•.•.s 
I Pulse of New Frequency Plus I,...s 
1Pulse of New Frcquency Plus 1•.•.s 


ANALOG INPUT AMPLIFIER 
(VIF Conversion) 
Current Input Range(Figure 
I) 
0 
+0.6 
0 
+0.6 
0 
+0.6 
mA 
Voltage Input Range (Figurc S) 
-10 
0 
-10 
0 
-10 
0 
V 
Differential Impedance 
2MfillOpF 
2MllDIOpF 
2MllilIOpF 
Common Mode Impedance 
IOOOMll!llOpF 
lOOOMlllIlOpF 
IOOOMlllllOpF 
Input 8iasCurrent 
Noninverting 
Input 
40 
100 
40 
100 
40 
100 
nA 
Inverting Input 
=8 
"20 
=8 
"20 
=8 
"20 
of!. 


Input Offset Voltage 


(TrimmabletoZero) 
H 
H 
". 


mV 
vs. Tempc:rature(T 
minto T m•• ) 
=30 
=30 
=30 
",vrc 
Safe Input Voltage 
:Vs 
:!:Vs 
:!:Vs 
C 


COMPARATOR 
(FN Conversion) 


Logic "0" Level 
-V, 
-I 
-V, 
-I 
-Vs 
+ I 
V 
Logk"l" 
Level 
0 
+V, 
0 
+Vs 
0 
+Vs 
V 
Pulse Width Range· 
0.1 
(0.3 x 10,) 
0.1 
(0.3x tos) 
0.1 
(0.3x tos) 


"" 
Input Impedance 
250 
250 
250 
kll 


OPEN COLLECTOR 
OUTPUT 
(V/FConvcrsion) 
OUtput Voltage in Logic "0" 


ISINK 
S SmA. T rrunto T mu 
0.4 
0.4 
0.4 
V 
Output Leakage Current in Logic "I" 
100 
100 
100 
nA 
Voltage RangeS 
0 
+ 36 
0 
+ 36 
0 
+36 
V 


AMPLIFIER 
OUTPUT 
(FN Conversion) 
Volu.ge Range (I soon min load resistance) 
0 
+10 
0 
+10 
0 
+10 
V 
Source Current (7S0n max load resistance) 
10 
10 
10 
mA 
Capacitive Load (Without Oscillation) 
100 
100 
100 
pF 


POWER SUPPLY 
Voltage, Rated Performance 
=9 
"18 
=9 
" 18 
=9 
H8 
V 


Quiescent Current 
8 
8 
8 
mA 


TEMPERATURE 
RANGE 
Rated Performance - N Package 
0 
+ 70 
0 
+ 70 
"C 


o Package 
-25 
+85 
-25 
+85 
-55 
+ 125 
'C 


Storage 
-NPackage 
-25 
+85 
-25 
+85 
"C 
D Package 
-65 
+ 150 
-65 
+ 150 
-65 
+ 150 
"C 


PACKAGE OPTIONS' 


PLCC(P-20A) 
AD650JP 
AD650KP 
Plastic DIP(N·14) 
AD650JN 
AD650KN 


Ceramic DIP(D·14) 
AD650AD 
AD650BD 
AD650SD 


NOTES 
INonlinearity isdefmed asdeviation from asteaia:btline from zero 
to full scale, expressed asa fraction offull scale. 
IFull scalecalibration error adjustable touro. 
1Measured a[ full scaleoutput frcquency of 100kHz. 
~Referto FN conversion section ofthc text. 
5Referred to digital ground. 
6D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. 
For outline information lee Packq:e Information section. 
Specifications subject to cban&ewithout notice. 


SpeciflCl.tionsshown in boldface arc [csted on all production units at fmal ciectri- 
cal tCS[. Rcsults fnxn those tests arc U5edto calculate OUtiOinlquality levels. All 
min and max spec fications arc auarantced, althoulh 
only those shown in 
boldface.re tested on all production U"ill. 


Unipolar Operation - 
AD650 


Total Supply Voltage + Vs to - Vs 
. . . . . . . 
36V 
Storage Temperature 
Ceramic . . . 
- 55°C to + 165°C 
Plastic 
- 25°C to + 125°C 
Differential Input Voltage (Pins 2 & 3) 
. . . . . . 
± 10V 
MaximumInputVoltage 
. 
±Vs 
Open Collector Output 
Voltage Above Digital GND 
. . 
36V 
Current 
SOmA 
Amplifier Short Ckt to Ground 
. . 
Indefinite 


Comparator 
Input Voltage (Pin 9) . 
. . . ± Vs 


Gain 
Tempco 
Specified 
ppmrc 
IMHz 
Temperature 
Model' 
100kHz 
Linearity 
RangeOC 
Package 


AD650JN 
150typ 
O.l%typ 
Oto + 70 
Plastic DIP 
AD650KN 
150typ 
O.l%max 
Oto + 70 
Plastic DIP 
AD650JP 
150typ 
O.I%typ 
Oto +70 
PLCC 
AD650KP 
150typ 
O.I%max 
Oto + 70 
PLCC 
AD650AD 
150max 
O.I%typ 
-25to 
+ 85 
Ceramic 


AD650BD 
150max 
O.I%max 
-25to 
+85 
Ceramic 
AD650SD 
150max 
O.I%max 
- 55to + 125 
Ceramic II 


NOTE 


IFor details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook or 
curreotAD6S0/883B data sheet. 


CIRCUIT 
OPERATION 


UNIPOLAR 
CONFIGURATION 
The AD650 is a charge balance voltage-to-frequency 
converter. 


In the connection diagram shown in Figure I, or the block 
diagram of Figure 2a, the input signal is converted into an 
equivalent current by the input resistance RIN• This current is 
exactly balanced by an internal feedback current delivered in 
short, timed bursts from the switched lmA internal current 
source. These bursts of current may be thought of as precisely 
defmed packets of charge. The required number of charge packets, 
each producing one pulse of the output transistor, depends 
upon the amplitude of the input signal. Since the number of 
charge packets delivered per unit time is dependent 
on the 
input signal amplitude, 
a linear voltage-to-frequency 
transforma- 
tion will be accomplished. 
The frequency output is furnished 


via an open collector transistor. 


A more rigorous analysis demonstrates how the charge balance 
voltage-to-frequency 
conversion takes place. 


A block diagram of the device arranged as a V to F converter is 
shown in Figure 2a. The unit is comprised of an input integrator, 
a current source and steering switch, a comparator and a one-shot. 
When the output of the one-shot is low, the current steering 
switch SI diverts all the current to the output of the op amp; 
this is called the Integration 
Period. When the one-shot has 
been triggered and its output is high, the switch S', diverts all 
the current to the summing junction of the op amp; this is 
called the Reset Period. The two different states are shown in 
Figure 2 along with the various branch currents. 
It should be 
noted that the output current from the op amp is the same for 
either state, thus minimizing transients. 


Figure 7. Connection Diagram for V/FConversion, Positive 
Input Voltage 


Figure 2d. 
Voltage Across 
GINT 


The positive input voltage develops a current (ItN= VtNlRlN) 
which charges the integrator capacitor CINT• 
As charge builds 
up on CUIT, the output voltage of the integrator ramps downward 
towards ground. When the integrator output voltage (pin I) 
crosses the comparator threshold ( - 0.6 volt) the comparator 
triggers the one shot, whose time period, tos is determined 
by 
the one shot capacitor Cos. 


Specifically, the one shot time period is: 


The Reset Period is initiated as soon as the integrator output 
voltage crosses the comparator threshold, and the integrator 
ramps upward by an amount: 


dV 
tos( 
) 
av=tos· 
- 
= -- 
lmA-IIN 
dt 
ClNT 


After the Reset Period has ended, the device starts another 
Integration Period, as shown ib. Figure 2, and starts ramping 
downward again. The amount of time required to reach the 
comparator threshold is given as: 


f. 
= __ 1_ 
= ~ 
= 01 
F·Hz 
VINIRIN 
our 
tos +T( 
tosX lmA 
. S 
A 
Cos+4Ax 
lo-llF 
(4) 


Note that CINT, the integration capacitor has no effect on the 
transfer relation, but merely determines the amplitude of the 
sawtooth signal out of the integrator. 


One Shot Timing 
A key part of the preceding analysis is the one shot time period 
that was given in equation (I). This time period can be broken 


down into approximately 
300ns of propagation 
delay, and a 
second time segment dependent 
linearly on timing capacitor 
Cos. When the one shot is triggered, a voltage switch that holds 
pin 6 at analog ground is opened allowing that voltage to change. 
An internal O.SmA current source connected to pin 6 then draws 
its current out of Cos, causing the voltage at pin 6 to decrease 
linearly. At approximately 
- 3.4V, the one shot resets itself, 
thereby ending the timed period and starting the VIF conversion 
cycle over again. The total one shot time period can be written 
mathematically as: 


aV Cos 
tos - IDISCHARGE 
+ T GATE 
DELAY 


substituting 
actual values quoted above, 


- -3.4VxCos 
300 
10-9 
tos - _ 0.5 x lo-lA + 
x 
see 


This simplifies into the timed period equation given above. 


COMPONENT 
SELECTION 
Only four component values must be selected by the user. These 
are input resistance RtN, timing capacitor Cos, logic resistor R2, 
and integration capacitor C1NT.The first two determine the 
input voltage and full scale frequency, while the last two are 
determined 
by other circuit considerations. 


Of the four components to be selected, R2 is the easiest to defme. 
As a pull up resistor, it should be chosen to limit the current 
through the output transistor to SmA if a TTL maximum VOL 
of OAV is desired. For example, if a SV logic supply is used, R2 
should be no smaller than SVtSmA or 62S0. A larger value can 
be used if desired. 


RtN and Cos are the only two parameters available to set the full 
scale frequency to accommodate the given signal range. The 
"swing" variable that is affected by the choice of RtN and Cos is 
nonlinearity. 
The selection guide of Figure 3 shows this quite 
graphically. In general, larger values of Cos and lower full scale 
input currents (higher values of RtN) provide better linearity. 
In 
Figure 3, the implications of four different choices of RIN are 
shown. Although the selection guide is set up for a unipolar 
configuration with a zero to 10V input signal range, the results 
can be extended to other configurations 
and input signal ranges. 


For a full scale frequency of 100kHz (corresponding 
to IOV 
input), you can see that among the available choices, R1N= 20k 
and Cos= 620pF gives the lowest nonlinearity, 
0.003S%. Also, 
if you wish to use the highest frequency that will give the 20ppm 
minimum nonlinearity, 
it is approximately 
33kHz (40.2kO and 
lOOOpF). 


For input signal spans other than 10V, the input resistance 
must be scaled proportionately. 
For example, if lOOkO is called 
out for a O-IOV span, 10k would be used with a O-IV span, or 
200kO with a :!: 10V bipolar connection. 


The last component to be selected is the integration capacitor 
C1NT.In almost all cases, the best value for C1NTcan be calculated 
using the equation: 


CINT 
-_1Q-4Flsec 
(IOOOpFminimum) 
fMAX 


When the proper value for C1NTis used, the charge balance 
architecture 
of the AD6S0 provides continuous integration of 
the input signal, hence large amounts of noise and interference 


Bipolar Operation - 
AD650 
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can be rejected. If the output frequency is measured by counting 
pulses during a constant gate period, the integration provides 
infmite normal mode rejection for frequencies corresponding 
to 
the gate period and its harmonics. However, if the integrator 
stage becomes saturated by an excessively large noise pulse, the 
continuous integration of the signal will be interrupted, 
allowing 
the noise to appear at the output. If the approximate amount of 
noise that will appear on C1NTis known (VNOISE),the value of 
C1NTcan be checked using the following inequality: 


C 
tos X 
I X 
10-3A 


INT> 
+Vs-3V- 
VNOISE 
For example, consider an application calling for a maximum 
frequency of 75kHz, a 0-1 volt signal range, and supply voltages 
of only ±9 volts. The component selection guide of Figure 3 is 
used to select 2.0kO for RIN and lOOOpFfor Coso This results 
in a one shot time period of approximately 
7fJ-S.Substituting 
75kHz into equation 7 yields a value of 1300pF for C1NT.When 
the input signal is near zero, lmA flows through the integration 
capacitor to the switched current sink during the reset phase, 
causing the voltage across C1NTto increase by approximately 
55 
volts. Since the integrator output stage requires approximately 
3 
volts head room for proper operation, only 0.5 volt margin 
remains for integrating extraneous noise on the signal line. A 
negative noise pulse at this time might saturate the integrator, 
causing an error in signal integration. 
Increasing CINT to 1500 
or 2000pF will provide much more noise margin, thereby elimi- 
nating this potential trouble spo!. 


BIPOLAR 
V/F 
Figure 4 shows how the internal bipolar current sink is used to 
provide a half-scale offset for a ± 5V signal range, while providing 
a 100kHz maximum output frequency. The nominally 0.5mA 
(± 10%) offset current sink is enabled when a 1.24kO resistor is 
connected between pins 4 and 5. Thus, with the grounded 
10kO nominal resistance shown, a - 5V offset is developed at 
pin 2. Since pin 3 must also be at - 5V, the current through 
RIN is IOV/40kO= +0.25mA 
at VIN= +5V, and OmA at 


VtN= -5V. 


Components are selected using the same guidelines outlined for 
the unipolar configuration with one alteration. 
The voltage 
across the total signal range must be equated to the maximum • 


Figure 4. 
Connections 
for ± 5V Bipolar 
V/F with 0 to 100kHz 


TTL Output 


input voltage in the unipolar configuration. 
In other words, the 
value of the input resistor R1Nis determined 
by the input voltage 
span, not the maximum input voltage. A diode from pin I to 
ground is also recommended. 
This is discussed further under 
"Other Circuit Conditions". 


As in the unipolar circuit, RIN and Cos must have low temperature 
coefficients to minimize the overall gain drift. The 1.24kO 
resistor used to activate the 0.5mA offset current should also 
have a low temperarure 
coefficient. The bipolar offset current 
has a temperature 
coefficient of approximately 
- 200ppmJ"C. 


UNIPOLAR 
VIF, NEGATIVE 
INPUT 
VOLTAGE 
Figure 5 shows the connection diagram for VIF conversion of 
negative input voltages. In this configuration 
full scale output 
frequency occurs at negative full scale input, and zero output 
frequency corresponds with zero input voltage. 


A very high impedance signal source may be used since it only 
drives the noninverting integrator input. Typical input impedance 
at this terminal is IGO or higher. For VIF conversion of positive 
input signals using the connection diagram of Figure I, the 
signal generator must be able to source the integration current 
to drive the AD650. For the negative VIF conversion circuit of 
Figure 5, the integration current is drawn from ground through 
Rl and R3, and the active input is high impedance. 


Circuit operation for negative input voltages is very similar to 
positive input unipolar conversion described in a previous section. 
For best operating results use component equations listed in 
that section. 


Figure 5. Connection 
Diagram 
for V/F Conversion, 
Negative 
Input 
Voltage 


FN CONVERSION 
The AD650 also makes a very linear frequency-to-voltage 
con- 
verter. Figure 6 shows the connection diagram for FN conversion 
with TTL input logic levels. Each time the input signal crosses 
the comparator threshhold going negative, the one shot is activated 
and switches lmA into the integrator input for a measured time 
period (determined 
by Cos). As the frequency increases, the 
amount of charge injected into the integration capacitor increases 
proportionately. 
The voltage across the integration capacitor is 
stabilized when the leakage current through Rl and R3 equals 
the average current being switched into the integrator. The net 
result of these two effects is an average output voltage which is 
proportional 
to the input frequency. Optimum performance can 
be obtained by selecting components using the same guidelines 
and equations listed in the V/F conversion section. 


The circuit of Figure 6 can be biased to accommodate almost 
any input signal waveform. With a TTL input, the lOOOpF 
coupling capacitor and 2.2kn 
resistor creates a clean negative 
spike that triggers the one shot on negative going edges. For 
input signals with slower edges, a larger capacitor and/or resistor 
may be used as long as the comparator is never exposed to a 
voltage lower than - 0.6V for longer than the one shot time 
period. If this happens, the one shot will trigger itself more 
than once per cycle, creating discontinuities in the FN transfer 
function. An input pulse greater than lOOnsbut less than 0.3 x tos 
is recommended 
(tos is defined by equation I in the circuit 
operation section, uuipolar configuration). 


HIGH 
FREQUENCY 
OPERATION 
Proper RF techniques must be observed when operating the 
AD650 at or near its maximum frequency of IMHz. Lead lengths 
must be kept as short as possible, especially on the one shot and 
integration capacitors, and at the integrator summing junction. 
In addition, at maximum output frequencies above 500kHz, a 
3.6kn 
pulldown resistor from pin 1 to - Vs is required (see 
Figure 7). The additional current drawn through the pulldown 
resistor reduces the op amp's output impedance and improves 
its transient response. 


DECOUPLING 
AND GROUNDING 
It is good engineering practice to use bypass capacitors on the 
supply-voltage pins and to insert small-valued resistors (10 to 
lOOn) in the supply lines to provide a measure of decoupling 
between the various circuits in a system. Ceramic capacitors of 
O.lfLF to 1.0fLF should be applied between the supply-voltage 
pins and analog signal ground for proper bypassing on the 
AD650. 


In addition, a larger board level decoupling capacitor of lfLF to 
IOfLFshould be located relatively close to the AD650 on each 
power supply line. Such precautions are imperative in high 
resolution data acquisition applications where one expects to 
exploit the full linearity and dynamic range of the AD650. Although 
some types of circuits may operate satisfactorily with power 
supply decoupling at only one location on each circuit board, 
such practice is strongly discouraged in high accuracy analog 
design. 


Separate digital and analog grounds are provided on the AD650. 
The emitter of the open collector frequency output transistor is 
the only node returned to the digital ground. All other signals 
are referred to analog ground. The purpose of the two separate 
grounds is to allow isolation between the high precision analog 
signals and the digital section of the circuitry. As much as several 
hundred millivolts of noise can be tolerated on the digital ground 
without affecting the accuracy of the VFC. Such ground noise is 
inevitable when switching the large currents associated with the 
frequency output signal. 


At IMHz full :scale, it is necessary to U5C a pull-up [c~i:stor of 
about soon in order to get the rise time fast enough to provide 
well defined output pulses. This means that from a 5 volt logic 
supply, for example, the open collector output will draw 10mA. 


This much current being switched will surely cause ringing on 
long ground runs due to the self inductance of the wires. For 
instance, '*'20 gauge wire has an inductance of about 20nH per 
inch; a current of 10mA being switched in SOns at the end of 12 
inches of 20 gauge wire will produce a voltage spike of 50mV. 
The separate digital ground of the AD650 will easily handle 
these types of switching transients. 


A problem will remain from interference caused by radiation of 
electro-magnetic 
energy from these fast transients. 
Typically, a 
voltage spike is produced by inductive switching transients; 
these spikes can capacitively couple into other sections of the 
circuit. Another problem is ringing of ground lines and power 
supply lines due to the distributed 
capacitance and inductance 
of the wires. Such ringing can also couple interference into 
sensitive analog circuits. The best solution to these problems is 
proper bypassing of the logic supply at the AD650 package. A 
ll1F to 10l1F tantalum capacitor should be connected directly to 
the supply side of the pull-up resistor and to the digital ground 
- pin 10. The pull-up resistor should be connected directly to 
the frequency output - pin 8. The lead lengths on the bypass 
capacitor and the pull up resistor should be as short as possible. 
The capacitor will supply (or absorb) the current transients, 
and 
large ac signals will flow in a physically small loop through the 
capacitor, pull up resistor, and frequency output transistor. 
It is 
important 
that the loop be physically small for two reasons: 
first, there is less self-inductance if the wires are short, and 
second, the loop will not radiate RFI efficiently. 


The digital ground (pin 10) should be separately connected to 
the power supply ground. Note that the leads to the digital 
power supply are only carrying dc current and cannot radiate 
RFI. There may also be a dc ground drop due to the difference 
in currents returned on the analog and digital grounds. This 
will not cause any problem. In fact, the AD650 will tolerate as 
much as 0.25 volt dc potential difference between the analog 
and digital grounds. These features greatly ease power distribution 
and ground management in large systems. Proper technique for 
grounding requires separate digital and analog ground returns to 
the power supply. Also, the signal ground must be referred 
directly to analog ground (pin II) at the package. All of the 
signal grounds should be tied directly to pin 11, especially the 
one-shot capacitor. More information on proper grounding and 
reduction of interference can be found in reference I. 


TEMPERATURE 
COEFFICIENTS 
The drift specifications of the AD650 do not include temperature 
effects of any of the supporting resistors or capacitors. The drift 
of the input resistors RI and R3 and the timing capacitor Cas 
directly affect the overall temperature 
stability. In the application 
of Figure 2, a 10ppmrC 
input resistor used with a 100ppmJOC 
capacitor may result in a maximum overall circuit gain drift of; 


In bipolar configuration, 
the drift of the 1.24kO resistor used to 
activate the internal bipolar offset current source will directly 
affect the value of this current. 
This resistor should be matched 
to the resistor connected to the op amp noninverting 
input (pin 
2), see Figure 4. That is, the temperature 
coefficients of these 
two resistors should be equal. If this is the case, then the effects 
of the temperature 
coefficients of the resistors cancel each other, 


I"Noise Reduction Techniques in Electronic Systems", by H. W. OTT, 
(John Wiley, 1976). 


and the drift of the offset voltage developed at the op amp non- 
inverting input will be determined solely by the AD650. Under 
these conditions the TC of the bipolar offset voltage is typically 
- 200ppmrC 
and is a maximum of - 3OOppmrC. The offset 
voltage always decreases in magnitude as temperature 
is 
increased. 


Other circuit components do not directly influence the accuracy 
of the VFC over temperature 
changes as long as their actual 
values are not so different from the nominal value as to preclude 
operation. This includes the integration capacitor, ClNT' A 
change in the capacitance value of ClNT simply results in a 
different rate of voltage change across the capacitor. During the 
Integration Phase (refer to Figure 2), the rate of voltage change 
3 


across CUIT has the opposite effect that it does during the Reset 
Phase. The result is that the conversion accuracy is unchanged 
by either drift or tolerance of C1NT.The net effect of a change 
in the integrator capacitor is simply to change the peak to peak 
amplitude of the sawtooth waveform at the output of the 
integrator. 


The gain temperature 
coefficient of the AD650 is not a constant 
value. Rather the gain TC is a function of both the full scale 
frequency and the ambient temperature. 
At a low full scale 
frequency, the gain TC is detertnined primarily by the stability 
of the internal reference-a 
buried zener reference. This low 
speed gain TC can be quite good; at 10kHz full scale, the gain 
TC near 25°C is typically 0 ± 50ppmrC. 
Although the gain TC 
changes with ambient temperature 
(tending to be more positive 
at higher temperatures), 
the drift remains within a ±75ppmrC 
window over the entire military temperature 
range. At full scale 
frequencies higher than 10kHz dynamic errors become much 
more important 
than the static drift of the dc reference. At a 
full scale frequency of 100kHz and above, these timing errors 
dominate the gain TC. For example, at 100kHz full scale frequency 
(R1N= 40k and Cas = 330pF) the gain TC near room temperature 
is typically - 80 ± 50ppmrC, 
but at an ambient temperature 
near + 125°C, the gain TC tends to be more positive and is 
typically + 15 ± 50ppmrC. 
This information is presented in a 
graphical form in Figure 8. The gain TC always tends to become 
more positive at higher temperatures. 
Therefore it is possible to 
adjust the gain TC of the AD650 by using a one-shot capacitor 
with an appropriate 
TC to cancel the drift of the circuit. For 
example, consider the 100kHz full scale frequency. An average 
drift of - looppmrC 
means that as temperature 
is increased, 
the circuit will produce a lower frequency in reponse to a given 
input voltage. This means that the one-shot capacitor must 
decrease 
in value as temperature 
increases 
in order to compensate 
the gain TC of the AD650; that is, the capacitor must have a 
TC of -looppm/°C. 
Now consider the IMHz full scale frequency. 
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It is not possible to achieve very much improvement in performance 
unless the expected ambient temperature 
range is known. For 
example, in a constant low temperature 
application such as 
gathering data in an Arctic climate (approximately 
- 20°C), a 


Cos with a drift of - 310ppmJ"C is called for in order to compensate 
the gain drift of the AD650. However, if that circuit should see 
an ambient temperature 
of + 75°C, the Cos cap would change 


the gain TC from approximately Oppm to +310ppmJ"C. 


The temperature 
effects of the components described above are 


the same when the AD650 is configured for negative or bipolar 
input voltages, and for FN conversion as well. 


NONLINEARITY 
SPECIFICATION 
The linearity error of the AD650 is specified by the end point 
method. That is, the error is expressed in terms of the deviation 
from the ideal voltage to frequency transfer relation after calibrating 
the converter at full scale and "zero". 
The nonlinearity will vary 


with the choice of one-shot capacitor and input resistor (see 
Figure 3). Verification of the linearity specification requires the 
availability of a switchable voltage source (or a DAC) having a 
linearity error below 20ppm, and the use of very long measurement 
intervals to minimize count uncertainties. 
Every AD650 is auto- 
matically tested for linearity, and it will not usually be necessary 
to perform this verification, which is both tedious and time 
consuming. 
If it is required to perform a nonlinearity test either 


as part of an incoming quality screening or as a fmal product 
evaluation, 
an automated 
"bench_top" 
tester would 
prove 
useful. 
Such a system based on the Analog Devices' LTS-2010 is described 
in Reference 2. 


The voltage-to-frequency 
transfer relation is shown in Figure 9 
with the nonlinearity exaggerated for clarity. The first step in 
determining 
nonlinearity is to connect the end points of the 
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operating range (typically at IOmV and 10V) with a straight 
line. This straight line is then the ideal relationship which is 
desired from the circuit. The second step is to find the difference 
between this line and the actual response of the circuit at a few 
points between the end points - typically ten intermediate 
points 


will suffice. The difference between the actual and the ideal 
response is a frequency error measured in hertz. Finally, these 
frequency errors are normalized to the full scale frequency and 
expressed either as parts per million of full-scale (ppm) or parts 
per hundred of full scale (%). For example, on a 100kHz full 
scale, if the maximum frequency error is 5Hz, the nonlinearity 
would be specified as 50ppm or 0.005%. Typically on the 100kHz 
scale, the nonlinearity is positive and the maximum value occurs 
at about midscale (Figure 9a). At higher full scale frequencies, 
(500kHz to IMHz), the nonlinearity becomes "s" shaped and 
the maximum value may be either positive or negative. Typically, 
on the IMHz scale (RIN= 16.9k, Cos = 51pF) the nonlinearity 
is 


positive below about 2/3 scale and is negative above this point. 
This is shown graphically in Figure 9b. 


PSRR 
The power supply rejection ratio is a specification of the change 
in gain of the AD650 as the power supply voltage is changed. 
The PSRR is expressed in units of parts-per-million 
change of 
the gain per percent change of the power supply - ppm/%. For 
example, consider a VFC with a 10 volt input applied and an 
output frequency of exactly 100kHz when the power supply 
potential is ± IS volts. Changing the power supply to± 12.5 
volts is a 5 volt change out of 30 volts, or 16.7%. If the output 
frequency changes to 99.9kHz, the gain has changed 0.1% or 
lOOOppm. The PSRR is lOOOppmdivided by 16.7% which 
equals 60ppm/%. 


The PSRR of the AD650 is a function of the full scale operating 
frequency. At low full scale frequencies the PSRR is determined 
by the stability of the reference circuits in the device and can be 
very good. At higher frequencies there are dynamic errors which 
become more important 
than the static reference signals, and 
consequently the PSRR is not quite as good. The values of 
PSRR are typically 0 ±20ppm/% 
at 10kHz full scale frequency 
(R1N=40k, 
Cos= 33OOpF). At 100kHz (R1N= 40k, Cos= 330pF) 


the PSRR is typically + 80 ± 4Oppm/%, and at IMHz 
(RIN=16.9kn,Cos=5IpF) 
the PSRRis 
+350 
±50ppm/%. 


This information is summarized graphically in Figure 10. 
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OTHER CIRCUIT CONSIDERATIONS 
The input amplifier connected to pins I, 2 and 3 is not a standard 
operational amplifier. Rather, the design has been optimized for 
simplicity and high speed. The single largest difference between 
this amplifier and a normal op amp is the lack of an integrator 
(or level shift) stage. Consequently 
the voltage on the output 
(pin I) must always be more positive than 2 volts below the 
inputs (pins 2 and 3). For example, in the F to V conversion 
mode, see Figure 6, the noninverting input of the op amp (pin 
2) is grounded, 
which means that the output (pin I) will not be 
able to go below - 2 volts. Normal operation of the circuit as 
shown in the figure will never call for a negative voltage at the 
output but one may imagine an arrangement calling for a bipolar 
output voltage (say ± 10 volts) by connecting an extra resistor 
from pin 3 to a positive voltage. This will not work. 


Care should be taken under conditions where a high positive 
input voltage exists at or before power up. These situations can 
cause a latch up at the integrator output (pin I). This is a non- 
destructive 
latch and, as such, normal operation can be restored 
by cycling the power supply. Latch up can be prevented by 
connecting two diodes (e.g., IN914 or IN4148) as shown in 
Figure 4 thereby preventing pin I from swinging below pin 2. 


A second major difference is that the output will only sink lmA 
to the negative supply. There is no pulldown stage at the output 
other than the lmA current source used for the V to F conversion. 
The op amp will source a great deal of current from the positive 
supply, and it is internally protected by current limiting. The 
output of the op amp may be driven to within 3 volts of the 
positive supply when it is not sourcing external current. When 
sourcing 10mA the output voltage may be driven to within 6 
volts of the positive supply. 


A third difference between this op amp and a normal device is 
that the inverting input, pin 3, is bias current compensated and 
the noninverting 
input is not bias current compensated. 
The 
bias current at the inverting input is nominally zero, but may be 
as much as 20nA in either direction. The noninverting input 
typically has a bias current of 40nA that always flows into the 
node (an npn input transistor). Therefore, 
it is not possible to 
match input voltage drops due to bias currents by matching 
input resistors. 


The op amp has provisions for trimming the input offset voltage. 
A potentiometer 
of 20kO is connected to pins 13 and 14 and the 
wiper is connected to the positive supply through a 250kO resistor. 
A potential of about 0.6 volt is established across the 250kO 
resistor, and the 31'-Acurrent is injected into the null pins. It is 
also possible to null the op amp offset voltage by using only one 
of the null pins and use a bipolar current either into or out of 
the null pin. The amount of current required will be vety small 
- typically less than 31'-A.This technique is shown in the appli- 
cations section of this data sheet: the aUlo-zero circuit uses this 
technique. 


The bipolar offset current is activated by connecting a 1.24kO 
resistor between pin 4 and the negative supply. The resultant 
current delivered to the op amp noninverting input is nominally 
0.5mA and has a tolerance of ± 10%. This current is then used 
to provide an offset voltage when pin 2 is tied to ground through 
a resistor. The O.5mA which appears at pin 2 is also flowing 
through the 1.24kO resistor and this current may be measured 
by observing the voltage across the 1.24kO resistor. An external 
resistor is used to activate the bipolar offset current source to 
provide the lowest tolerance and temperature drift of the resultant 


offset voltage. It is possible to use other values of resistance 
between pin 4 and - Vs to obtain a bipolar offset current different 
than O.SmA. Figure 11 is a graph of the relationship between 
the bipolar offset current and the value of the resistor used to 
activate the source. 


APPLICATIONS 
DIFFERENTIAL 
VOLTAGE- TO-FREQUENCY 
CONVERSION 
The circuit of Figure 12 accepts a true floating differential input 
signal. The common mode input, VCM, may be in the range 
+ IS to - 5 volts with respect to analog ground. The signal 
input, VtN, may be ±5 volts with respect to the common mode 
input. Both inputs are low impedance: 
the source which drives 
the common mode input must supply the O.5mA drawn by the 
bipolar offset current source and the source which drives the 
signal input must supply the integration current. 


If less common mode voltage range is required, 
a lower voltage 
zener may be used. For example, if a 5 volt zener is used, the 
VCM input may be in the range + 10 to - 5 volt. If the zener is 
not used at all, the common mode range will be ± 5 volts with 
repect to analog ground. If no zener is used, the 10k pulldown 
resistor is not needed and the integrator output (pin I) is connected 
directly to the comparator input (pin 9). 


nu .I.V 
£&.ft.V 
\..o1.ft.\..oUll 
In order to exploit the full dynamic range of the AD6S0 VFC, 
very small input voltages will need to be converted. For example, 
a six decade dynamic range based on a full scale of 10 volts will 
require accurate measurement 
of signals down to 10•.•.V. In these 
situations a well-controlled input offset voltage is imperative. A 
constant offset voltage will not affect dynamic range but simply 
shift all of the frequency readings by a few hertz. However, if 
the offset should change, then it will not be possible to distinguish 
between a small change in a small input voltage and a drift of 
the offset voltage. Hence, the useable dynamic range is less. 
The circuit shown in Figure 13 provides automatic adjustment 
of the op amp offset voltage. The circuit uses an ADS82 sample 
and hold amplifier to control the offset and the input voltage to 
the VFC is switched between ground and the signal to be measured 
via an AD7S12DI analog switch. The offset of the AD6S0 is 
adjusted by injecting a current into or drawing a current out of 
pin 13. Note that only one of the offset null pins is used. During 
the "VFC Norm" mode, the SHA is in the hold mode and the 
hold capacitor is very large, O.I•.•.F, to hold the AD6S0 offset 
constant for a long period of time. 


Figure 
13. Auto-Zero 
Circuit 
for AD650 
Voltage-to- 
Frequency 
Converter 


When the circuit is in the "Auto Zero" mode the SHA is in 
sample mode and behaves like an op amp. The circuit is a variation 
of the classical two amplifier servo loop, where the output of the 
Device Under Test (DUT) - here the DUT is the AD6S0 op 
amp - is forced to ground by the feedback action of the control 
amplifier - the SHA. Since the input of the VFC circuit is 
connected to ground during the auto zero mode, the input current 
which can flow is determined 
by the offset voltage of the AD6S0 
op amp. Since the output of the integrator stage is forced to 
ground it is known that the voltage is not changing (it is equal 
to ground potential). Hence if the output of the integrator is 
constant, 
its input current must be zero, so the offset voltage 
has been forced to be zero. Note that the output of the DUT 
could have been forced to any convenient voltage other than 
ground. All that is required is that the output voltage be known 
to be constant. Note also that the effect of the bias current at 
the inverting input of the AD6S0 op amp is also nulled in this 
circuit. The lOOOpFcapacitor shunting the 200kfl resistor is 
compensation 
for the two amplifier servo loop. Two integrators 


in a loop requires a single zero for compensation. 
Note that the 
3.6kfl resistor from pin 1 of the AD6S0 to the negative supply 
is nor part of the auto-zero circuit, bur rather it is required for 
VFC operation at IMHz. 


PHASE LOCKED 
LOOP FN CONVERSION 
Although the FN conversion technique shown in Figure 6 is 
quite accurate and uses only a few extra components, 
it is very 
limited in terms of signal frequency response and carrier feed- 
through. 
If the carrier (or input) frequency changes instantane- 
ously, the output cannot change very rapidly due to the integrator 
time constant formed by CINT and RIN• While it is possible to 
decrease the integrator time constant to provide faster settling of 
the F to V output voltage, the carrier feedthrough will then be 
larger. For signal frequency response in excess of 2kHz, a phase 
locked FN conversion technique such as the one shown in 
Figure 14 is recommended. 


In a phase locked loop circuit, the oscillator is driven to a frequency 
and phase equal to an input reference signal. In applications 
such as a synthesizer, the oscillator output frequency is first 
processed through a programmable 
"divide by N" before being 
applied to the phase detector as feedback. Here the oscillator 
frequency is forced to be equal to "N times" the reference 
frequency and it is this frequency output which is the desired 
output signal and not a voltage. In this case, the AD6S0 offers 
compact size and wide dynamic range. 


In signal recovery applications of a PLL, the desired output 
signal is the voltage applied to the oscillator. In these situations 
a linear relationship between the input frequency and the output 
voltage is desired; the AD6S0 makes a superb oscillator for FM 
demodulation. 
The wide dynamic range and outstanding linearity 
of the AD6S0 VFC allow simple embodiment of high performance 
analog signal isolation or telemetry systems. The circuit shown 
in Figure 14 uses a digital phase detector which also provides 
proper feedback in the event of unequal frequencies. Such phase- 
frequency detectors (PFD's) are available in integrated form. 
For a full discussion of phase lock loop circuits see Reference 3. 


An analysis of this circuit must begin at the 7474 dual D flip 
flop. When the input carrier matches the output carrier in both 
phase and frequency, the Q outputs of the flip flop~ will [be at 
exactly the same time. With two zero's, then two one's on the 
inputs of the exclusive or (XOR) gate, the output will remain 
low keeping the DMOS FET switched off. Also, the NAND 
gate will go low resetting the flip-flops to zero. Throughout 
the 


entire cycle just described, the DMOS integrator gate remained 
off, allowing the voltage at the integrator output to remain un- 
changed from the previous cycle. However, if the input carrier 
leads the output carrier by a few degrees, the XOR gate will be 
turned on for the small time span that the two signals are mis- 
matched. Since Q2 will be low during the mismatch time, a 
negative current will be fed into the integrator, causing its output 
voltage to rise. This in turn will increase the frequency of the 
AD650 slightly, driving the system towards synchronilation. 
In 
a similar manner, if the input carrier lags the output carrier, the 
integrator will be forced down slightly to synchronize the two 
signals. 


Using a mathematical 
approach, 
the:!: 25f.LApulses from the 
phase detector are incorporated 
into the phase detector 
gain, Kd• 


K - 25f.LA- 4 
10-6 
amperes/radian 
(9) 


d - 
27T 
- 
x 


Also, the V/F converter is configured to produce IMHz in 
response to a 10 volt input, so its gain Ko is: 


Ko= 27T x I x 106Hz = 6.3 x 105 
radians 
~ 
~.~ 
(~ 


The dynamics of the phase relationship between the input and 
output signals can be characterized 
as a second order system 
with natural frequency 
Wn: 


t=R~ 
2 
For the values shown in Figure 14, these relations simplify to a 
natural frequency of 35kHz with a damping factor of 0.8. 


For those desiring a simple approach to determining 
component 
values for other PLL frequencies and VFC full scale voltage, 
the following cookbook steps can be used: 


I. Determine 
K., (in units of radians per volt second) from the 


·maximum input carrier frequency Fmax (in hertz) and the 
maximum output voltage Vmax. 


K = 27T X Fmax 
(13) 
o 
Vmax 


2. Calculate a value for C based upon the desired loop bandwidth, 
fn• Note that this is the desired frequency range of the output 
signal. The loop bandwidth 
(fn) is not the maximum carrier 
frequency (fmax): 
the signal may be very narrow even though 
it is transmitted 
over a IMHz carrier. 
• 


C units FARADS 
fn units HERTZ 
(14) 
Ko units RADNOL 
T'SEC 
3. Calculate R to yield a damping factor of approximately 
0.8 
using this equation: 


C = Ko• 
I 
X 
10-7 V'F 
~2 
Rad~ec 


R=~'25 
x 
6Rad•n 
Ko· 
10 -V- 


R units OHMS 
fn units HERTZ 
(IS) 


Ko units RADNOL T'SEC 


If in actual operation the PLL overshoots or hunts excessively 
before reaching a final value, the damping factor may be raised 
by increasing the value ofR. Conversely, if the PLL is overdamped, 
a smaller value of R should be used. 


PLL PERFORMANCE 
The performance 
of the PLL circuit is demonstrated 
by the 
system shown in Figure IS; an analog signal is converted into a 
frequency, 
and then this frequency is converted back into an 
analog voltage by the PLL. 


The source of the frequency input signal used to drive the PLL 
is an AD650 with two separate inputs: one for dc to set the 
carrier frequency, and one for ac to establish a modulation. 
Note how the summing junction input to the AD650 allows 
such flexibility. The output frequency is then relayed to the 
g 
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PLL via a jumper cable. The signal at this point is a 5 volt 
digital pulse train and as such may be transmitted 
in any fashion 
suitable to the application at hand. For example, galvanic isolation 
is achieved with a simple transformer 
or opto-isolator; extremely 
high voltage isolation or transmission 
through severe RF envi- 
ronments can be accomplished 
with a fiber-optic link; telemetry 
can be accomplished 
with a radio link. The actual method of 
conveying the pulses is not crucial to the system performance. 
The PLL is the circuit shown in Figure 14, and the filter shown 
on the output signal is simply to attenuate carrier feedthrough 
to allow easy interpretation 
of the signal with an oscilloscope 
and spectrum analyzer. 


The step response of the system is shown in Figure 16a. The 
signal output is swinging between 5 volts and 10 volts, for an 
input step of 500kHz to IMHz. Note that the AD650 is actually 
overshooting to I.IMHz 
and the response remains well controlled. 
Note the slight irregularity 
during the transition: 
this is caused 
by cydeslipping 
during the slew where feedback is lost temporarily 


~ 


and the PLL actually loses phase lock. The frequency response 
of the system when driven with sinewave excitation is shown in 
Figure 16b. Here the output level is set to 2 volts peak to peak, 
and the carrier is 800kHz. Note that the - 3dB bandwidth 
is 
about 70kHz, which is consistent with a damping factor of 0.8 
and a natural frequency of 35kHz·. When an unmodulated 
carrier is applied to the PLL, the noise that appears at the 
output determines the dynamic range of the system. The spectrum 
of the noise at the output of the PLL is shown in Figure 16c. 
By comparing this with Figure 16b, the dynamic range of the 
system is seen to be 80dB. The harmonic distortion of the system 
is shown in Figure 16d. The output is a 2V POpsinewave at 
5kHz, and the amplitude of the first harmonic is seen to be 
48dB below the fundamental. 
The harmonic distortion can be 
improved to the level of 60dB by reducing the amplitude of the 
modulation, 
but this is at the expense of dynamic range since 
the intensity of the noise floor remains constant. 
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FEATURES 
Full-Scale Frequency (Up to 2MHz) Set by External 
System Clock 
Extremely Low Linearity Error 10.005"10max at 1MHz 
FS. 0.02"10max at 2MHz FS) 
No Critical External Components Required 
Accurate 5V Reference Voltage 
Low Drift (25ppmrC maxi 
Dual or Single Supply Operation 
Voltage or Current Input 
MIL-STD-883 Compliant Versions Available 


PRODUCT 
DESCRIPTION 
The AD652 Synchronous Voltage-to-Frequency 
Convener (SVFC) 
is a powerful building block for precision analog-to-digital con- 
version, offering typical nonlinearity of 0.002% (0.005% 
maximum) at a 100kHz output frequency. The inherent 
monotonicity of the transfer function and wide range of clock 
frequencies allows the conversion time and resolution to be 
optimized for specific applications. 


The AD652 uses a variation of the popular charge-balancing 
technique to perform the conversion function. The AD652 uses 
an external clock to defme the full-scale output frequency, rather 
than relying on the stability of an external capacitor. The result 
is a more stable, more linear transfer function, with significant 
application benefits in both single- and multi-channel 
systems. 


Gain drift is minimized using a precision low-drift reference and 
low-TC on-chip thin-film scaling resistors. Furthermore, 
the 
initial gain error is reduced to less than 0.5% by the use of 
laser-wafer-trimming. 


The analog and digital sections of the AD652 have been designed 
to allow operation from a single-ended power source, simplifying 
its use with isolated power supplies. 


The AD652 is available in five performance grades. The 20-pin 
PLCC packaged JP and KP grades are specified for operation 
over the 0 to + 70°C commercial temperature 
range. The l6-pin 
cerdip-packaged 
AQ and BQ grades are specified for operation 
over the - 40°C to + 85°C industrial temperature 
range, and the 
AD652SQ is available for operation over the full - 55°C to 
+ l250C extended temperature 
range. 


Monolithic Synchronous 
VOltage-to-Frequency 
Converter 


AD652 
I 


II 


PRODUCT 
HIGHLIGHTS 
1. The use of an external clock to set the full-scale frequency 


allows the AD652 to achieve linearity and stability far superior 
to other monolithic VFCs. By using the same clock to drive 
the AD652 and (through a suitable divider) also set the counting 
period, conversion accuracy is maintained independent 
of 
variations in clock frequency. 


2. The AD652 Synchronous VFC requires only a single external 
component (a noncritical integrator capacitor) for operation. 


3. The AD652 includes a buffered, accurate 5V reference which 
is available to the user. 


4. The clock input of the AD652 is TTL and CMOS compatible 
and can also be driven by sources referred to the negative 
power supply. The flexible open-collector output stage provides 
sufficient current sinking capability for TTL and CMOS 
logic, as well as for optical couplers and pulse transformers. 
A capacitor-programmable 
one-shot is provided for selection 
of optimum output pulse width for power reduction. 


5. The AD652 can also be configured for use as a synchronous 
FN convener 
for isolated analog signal transmission. 


6. The AD652 is available it. versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD652/883B data sheet for detailed specifications. 


AD652-SPECIFICATIONS 
(typical @TA = +25°C, Vs = ±15V, unless otherwise noted) 


AD652JP/AQ/SQ 
AD652KPIBQ 


Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


VOLTAGE-TO-FREQUENCY 
MODE 
Gain Error 


tCLOCK = 200kHz 
~0.5 
~I 
~0.25 
~0.5 
% 


tCLOCK = IMHz 
~0.5 
±1 
~0.25 
±O.5 
% 


tCLOCK = 4MHz 
~0.5 
±1.5 
~0.25 
±0.75 
% 
Gain Temperature Coefficient 


tCLOCK = 200kHz 
~25 
±50 
± IS 
±25 
ppml"C 


tCLOCK = IMHz 
±25 
±50 
±15 
±25 
ppml"C 
±IO 
±50 
±IO 
±30 
ppml"C' 


tCLOCK = 4MHz 
±25 
±75 
± 15 
±50 
ppml"C 
Power Supply Rejection Ratio 
0.001 
0.01 
0.001 
0.01 
%N 


Linearity Error 


tCLOCK = 200kHz 
±0.002 
~0.02 
~0.002 
±0.OO5 
% 


tCLOCK = IMHz 
~0.002 
±0.02 
~0.002 
±0.OO5 
% 


tCLOCK = 2MHz 
~0.01 
~0.02 
~0.002 
±0.005 
% 


tCLOCK = 4MHz 
±0.02 
±0.05 
~0.01 
±0.02 
% 


Offset (Transfer Function, RTI) 
~I 
±3 
~ I 
±2 
mV 
Offset Temperature Coefficient 
±IO 
±50 
~ 10 
±25 
~VI"C 


Response Timc 
One Period of New Output Frequency Plus One Clock Period. 


FREQUENCY-TO-VOLTAGE 
MODE 
Gain Error 


ftN= lOOkHzFS 
~0.5 
±I 
~0.25 
~O.s 
% 


Linearity Error 
fIN= lOOkHzFS 
±0.OO2 
~0.02 
±0.OO2 
~0.01 
% 
I 


INPUT RESISTORS 
Cerdip(Figure la.)(O to + 10VFS Range) 
19.8 
20 
20.2 
19.8 
20 
20.2 
kO 
PLCC(Figure lb.) 


Pin 8 to Pin 7 
9.9 
10 
10.1 
9.9 
10 
10.1 
kO 
Pin7toPin5(Oto 
+5VFSRange) 
9.9 
10 
10.1 
9.9 
10 
10.1 
kO 
Pin8toPin5(Oto 
+ IOVFSRange) 
19,8 
20 
20.2 
19.8 
20 
20.2 
kO 
Pin 9 to Pin 5(0to + 8VFS Range) 
15.8 
16 
16.2 
15.8 
16 
16.2 
kO 
Pin 10to Pin 5(Auxiliary Input) 
19.8 
20 
20.2 
19.8 
20 
20.2 
kO 
Temperature Coefficient (All) 
~50 
±100 
~50 
±100 
ppml"C 


INTEGRA TOR OP AMP 
Input BiasCurrent 
Inverting Input (Pin 5) 
~5 
±20 
~5 
±20 
nA 
Noninverting Input (Pin 6) 
20 
50 
20 
50 
nA 
Input Offset Current 
20 
70 
20 
70 
nA 
Input Offset Current Drift 
I 
3 
I 
2 
nAI"C 
Input Offset Voltage 
±I 
±3 
~I 
±2 
mV 
Input Offset Voltage Drift 
±IO 
±25 
±IO 
± IS 
~VI"C 
Open Loop Gain 
86 
86 
dB 
Common-Mode Input Range 
-Vs+5 
+Vs-5 
-Vs+5 
+Vs-5 
V 
CMRR 
80 
80 
dB 
Bandwidth 
14 
95 
14 
95 
MHz 
Output Voltage Range 
-1 
(+Vs-4) 
-1 
(+Vs-4) 
V 


(Referred to Pin 6, R,> = 5k) 


COMPARATOR 
Input BiasCurrent 
0.5 
5 
0.5 
5 
~A 
Common-Mode Voltage 
-Vs+4 
+Vs-4 
-Vs+4 
+Vs-4 
V 


CLOCK INPUT 
Maximum Frequency 
4 
5 
4 
5 
MHz 
Threshold Voltage (Referred to Pin 12) 
1.2 
1.2 
V 
Tmin-Tmax 
0.8 
2.0 
0.8 
2.0 
V 
Input Current 


(- VS<VCLK< 
+ Vs) 
5 
20 
5 
20 
~A 
Voltage Range 
-Vs 
+Vs 
-Vs 
+Vs 
V 
Rise Time 
2 
2 
~s 


AD652JP/AQ/SQ 
AD652KPIBQ 


Parameter 
MiD 
Typ 
Max 
MiD 
Typ 
Max 
Units 


OUTPUT STAGE 
VodIOlIT= 
10mA) 
0.4 
0.4 
V 
IOL 


VoL<0.8V 
15 
15 
mA 
VOL<OAV, Tmin-Tmax 
8 
8 
mA 
IOH(OffLeakage) 
0.01 
10 
0.01 
10 
•.•.A 
Delay Time, Positive Clock Edge to 
150 
200 
250 
150 
200 
250 
ns 


Output Pulse 
Fall Time (Load = 500pF and ISINK = 5mA) 
100 
100 
ns 
Output Capacitance 
5 
5 
~~ 
pF 


OUTPUT ONE-SHOT 
Pulse Width 
Cos=300pF 
1 
1.5 
2 
1 
1.5 
2 
•.•.s 


Cos=IOOOpF 
"" 
4 
5 
6 
4 
5 
6 
•.•.s 


REFERENCE OUTPUT 
Voltage 
4.950 
5.0 
5.050 
4.975 
5.0 
5.025 
V 
Drift 
100 
50 
ppmrC 
Output Current 
Source 
10 
10 
mA 
Sink 
100 
500 
100 
500 
•.•.A 
Power Supply Rejection 


(Supply Range = ~ 12.5Vto ~ 17.5V) 
0.015 
0.015 
%N 


Output Impedance (Sourcing Current) 
0.3 
2 
0.3 
2 
n 


POWER SUPPLY 
Rated Voltage 
~ 15 
~15 
V 
Operating Range 
Dual Supplies 
~6 
~15 
~18 
~6 
~15 
~18 
V 
Single Supply (- Vs = 0) 
+12 
+36 
+12 
+36 
V 
Quiescent Current 
~ll 
±15 
~ll 
±15 
mA 
Digital Common 
-Vs 
+Vs-4 
-Vs 
+Vs-4 
V 
Analog Common 
-Vs 
+Vs 
-Vs 
+Vs 
V 


TEMPERATURE RANGE 
Specified Performance 
JP,KPGrade 
0 
+70 
0 
+70 
·C 
AQ,BQGrade 
-40 
+85 
-40 
+85 
·C 
SQGrade 
. 
-55 
+ 125 
·C 


NOTES 
'Referred 
to internal 
V REF- 
In PLCC 
package, 
tested 
on IOV input rangconly. 


Specifications 
in boldface 
are 100% tested 
at final tcst and arc used to measure 
outgoing 
quality 
levels. 


Specifications 
subject to chaJllc without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS 
Total Supply Voltage + Vs to - Vs 
. 
Maximum Input Voltage (Figure 6) 
. 


Maximum Output Current (Open Collector Output) 
Amplifier Short Circuit to Ground 
. 


Storage Temperature 
Range: Cerdip 
PLCC 


DEFINmONS 
OF SPECIFICATIONS 
GAIN ERROR - The gain of a voltage-to-frequency 
converter 
is that scale factor setting that provides the nominal conversion 
relationship, 
e.g. IMHz full scale. The "gain error" is the dif- 
ference in slope between the actual and ideal transfer functions 
for the V-F converter. 


LINEARITY 
ERROR - The "linearity error" of a V-F is the 
deviation of the actual transfer function from a straight line 
passing through the endpoints of the transfer function. 


GAIN TEMPERATURE 
COEFFICIENT 
- The gain temperature 
coefficient is the rate of change in full-scale frequency as a function 
of the temperature 
from + 250C to Tminor T"""'. 


. 
36V 
. 
36V 
50mA 
Indefinite 
- 65·C to + 150·C 
-65·C 
to + 150·C 


• 


•••.•'1111 
Drift 
Specified 
Part 
ppnifC 
1 MHz 
Temperature 
Package 
Number' 
100 kHz 
Linearity 
% 
Range ·C 
Options' 


AD652JP 
50 max 
0.02 max 
o to +70 
PLCC (P-20A) 


AD652KP 
25 max 
0.005 max 
o to +70 
PLCC (P-20A) 


AD652AQ 
50 max 
0.02 max 
-40 to +85 
Cerdip (Q-16) 


AD652BQ 
25 max 
0.005 max 
-40 to +85 
Cerdip (Q-16) 


AD652SQ 
50 max 
0.02 max 
-55 to + 125 
Cerdip (Q-16) 


NOTES 
IFor details on grade and package offerings screened in accordance with MIL-STD-883, 
refer to the Analog Devices Military Products Databook or current AD652/883 
data sheet. 
2p = Plastic Leaded Chip Carrier; Q = Cerdip; E = Leadless Ceramic Chip Carrier. 
For outline information see Package Information section. 


PIN 
"O"CERDIP 
"P"PlCC 


1 
+Vs 
NC 


2 
TRIM 
+Vs 


3 
TRIM 
NC 


4 
OPAMPOUT 
OPAMPOUT 


5 
OPAMP"-" 
OPAMP"-" 


6 
OPAMP"+" 
OPAMP"+" 


7 
10VOlTiNPUT 
5VOlTiNPUT 


8 
-Vs 
10 VOLT INPUT 


9 
Cos 
8 VOLT INPUT 


10 
CLOCK INPUT 
OPTIONAl10V 
INPUT 


11 
FREOOUT 
-Vs 
12 
DIGITAlGND 
Cos 
13 
ANAlOGGND 
CLOCK INPUT 


14 
COMP"-" 
FREOOUT 


15 
COMP"+" 
DIGITAL GROUND 


16 
COMPREF 
ANAlOGGND 


17 
COMP"- 
" 


18 
COMP"+" 
19 
NC 


20 
COMPREF 


THEORY 
OF OPERATION 
A synchronous 
VFC is similar to other voltage-ta-frequency 
converters in that an integrator is used to perform a charge-balance 
of the input signal with an internal reference current. 
However, 
rather than using a one-shot as the primary timing element 
which requires a high quality and low drift capacitor, a synchronous 
voltage-to-frequency 
converter (SVFC) uses an external clock; 
this allows the designer to deterDline the system stability and 
drift based upon the external clock selected. A crystal oscillator 
may also be used if desired. 


The SVFC architecture 
provides other system advantages besides 
low drift. If the output frequency is measured by counting 
pulses gated to a signal which is derived from the clock, the 
clock stability is unimportant 
and the device simply performs as 
a voltage controlled frequency divider, producing a high resolution. 
AlD. If a large number of inputs must be monitored simultaneously 
in a system, the controlled timing relationship between the 
frequency output pulses and the user supplied clock greatly 
simplifies this signal acquisition. 
Also, if the clock signal is 
provided by a VFC, then the output frequency of the SVFC 
will be proportional 
to the product of the tw~ input voltages. 


Hence, multiplication 
and A-ta-D conversion on two signals are 


performed 
simultaneously. 


The pinouts of the AD652 SVFC are shown in Figure 1. A 
block diagram of the device configured as a SVFC, along with 
various system waveforms, is shown in Figure 2. 


Figure 2 shows the typical up-and-down 
ramp integrator output 
of a charge-balance 
VFC. After the integrator output has crossed 
the comparator 
threshold and the output of the AND gate has 
gone high, nothing happens until a negative edge of the clock 
comes along to transfer the information 
to the output of the D- 
FLOP. 
At this point, the clock level is low, so the latch does 
not change state. When the clock returns high, the latch output 
goes high and drives the switch to reset the integrator. At the 
same time the latch drives the AND gate to a low output state. 
On the very next negative edge of the clock the low output state 
of the AND gate is transferred 
to the output of the D-FLOP 
and then when the clock returns high, the latch output goes low 
and drives the switch back into the Integrate Mode. At the 
same time the latch drives the AND gate to a mode where it 
will truthfully 
relay the information presented to it by the 
comparator. 
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Since the reset pulses applied to the integrator are exactly one 
clock period long, the only place where drift can occur is in a 
variation of the symmetry of the switching speed with temperature. 
Since each reset pulse is identical to every other, the AD6S2 
SVFC produces a very linear voltage to frequency transfer relation. 
Also, since all of the reset pulses are gated by the clock, there 
are no problems with dielectric absorption causing the duration 
of a reset pulse to be influenced by the length of time since the 
last reset. 


Referring to Figure 2, it can be seen that the period between 
output pulses is constrained 
to be an exact multiple of the clock 
period. Consider an input current of exactly one quarter of the 
value of the reference current. 
In order to achieve a charge 
balance, the output frequency will equal the clock frequency 
divided by four; one clock period for reset and three clock 


periods of integrate. This is shown in Figure 3. If the input 
current is increased by a very small amount, the output frequency 
should also increase by a very small amount. Initially, however, 
no output change is observed for a very small increase in the 
input current. 
The output frequency continues to run at one 
quarter of the clock, delivering an average of 2S0J,lAto the 
summing junction. 
Since the input current is slightly larger than 
this, charge accumulates in the integrator and the sawtooth 
signal starts to drift downward. 
As the integrator sawtooth drifts 
down, the comparator threshold is crossed earlier and earlier in 
each successive cycle, until fmally, a whole cycle is lost. When 
the cycle is lost, the Integrate Phase lasts for two periods of the 
clock instead of the usual three periods. Thus, among a long 
string of divide-by-four's 
an occasional divide-by-three 
occurs; 
3 


the average of the output frequency is very close to one quarter 
of the clock, but the instantaneous frequency can be very different. 


Because of this, it is very difficult to observe the waveform on 
an oscilloscope. During all of this time, the signal at the output 
of the integrator 
is a sawtooth wave with an envelope which is 
also a sawtooth. This is shown in Figure 4. 
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Figure 4. Integrator 
Output 
for I'N Slightly 
Greater 
than 250pA 


Another way to view this is that the output is a frequency of 
approximately one quarter of the clock that has been phase 
modulated. 
A constant frequency can be thought of as ac- 


cumulating phase linearly with time at a rate equal to 2-rrfradians 
per second. Hence, the average output frequency which is slightly 
in excess of a quarter of the clock will require phase accumulation 
at a certain rate. However, since the SVFC is running at exactly 
one quarter of the clock, it will not accumulate enough phase 
(see Figure 5). When the difference between the required phase 
(average frequency) and the actual phase equals 2-rr,a step in 
phase is taken where the deficit is made up instantaneously. 
The output frequency is then a steady carrier which has been 
phase modulated by a sawtooth signal (see Figure 5). The period 
of the sawtooth phase modulation is the time required to ac- 
cumulate a 2-rrdifference in phase between the required average 


frequency and one quarter of the clock frequency. The amplitude 
of the sawtooth phase modulation is 2.••.. 


VOUT It)=COS 
IZ ••·I••.",,·t+ 41MOD 
ltll 
• 
• 
AVERAGE 
PHASE 
CARAIER 
MODUUnON 
FREQUENCY 


The result of this synchronism is that the rate at which data 
may be extracted from the series bit stream produced by the 
SVFC is limited. The output pulses are typically counted during 
a fIXed gate interval and the result is interpreted 
as an average 
frequency. The resolution of such a measurement 
is determined 
by the clock frequency and the gate time. For example, if the 
clock frequency is 4MHz and the gate time is 4.096ms, then a 
maximum count of 8,192 is produced by a full-scale frequency 
of 2MHz. Thus, the resolution is 13 bits. 


OVERRANGE 
Since each reset pulse is only one clock period in length, the 
full-scale output frequency is equal to one-half the clock frequency. 
At full scale the current steering switch spends half of the time 
on the summing junction; thus, an input current of O.5mA can 
be balanced. In the case of an overrange, the output of the 
integrator op amp will drift in the negative direction and the 
output of the comparator will remain high. The logic circuits 
will then simply settle into a "divide-by-two" 
of the clock state. 


SVFC CONNECTION 
FOR DUAL SUPPLY, 
POSITIVE 
INPUT 
VOLTAGES 
Figure 6 shows the AD652 connection scheme for the traditional 
dual supply, positive input mode of operation. The ±Vs range 
is from ± 6 to ± 18 volts. When + Vs is lower than 9.0 volts, 
Figure 6 requires three additional connections. The first connection 
is to short pin 13 to pin 8 (Analog Ground to - Vs) and add a 
pull-up resistor to + Vs (as shown in Figure 15). The pull-up 
resistor is determined 
by the following equation: 


2 Vs - 
5V 
RpULLUP= 
500JJ.A 


These connections will ensure proper operation of the 5V refer- 
ence. Tie pin 16 to pin 6 (as shown in Figure 15) to ensure that 
the integrator output ramps down far enough to trip the 
comparator. 


The cerdip packaged AD652 accepts either a 0 to 10V or 0 to 
0.5mA full-scale input signal. The temperature 
drift of the 
AD652 is specified for a 0 to 10V input range using the internal 
20kO resistor. If a current input is used, the gain drift will be 
degraded by a maximum of lOOppml"C (the TC of the 20kO 
resistor). If an external resistor is connected to pin 5 to establish 
a different input voltage range, drift will be induced to the 


extent that the external resistor's TC differs from the TC of the 
internal resistor. The external resistor used to establish a different 
input voltage range should be selected as to provide a full-scale 
current of 0.5mA (i.e., IOkO for 0 to 5V). 


Figure 6. Standard 
V/F Connection 
for Positive 
Input 
Voltage 
with Dual Supply 


SVFC CONNECTIONS 
FOR NEGATIVE 
INPUT 
VOLTAGES 
Voltages which are negative with respect to ground may be used 
as the input to the AD652 SVFC. In this case, pin 7 is grounded 
and the input voltage is applied to pin 6 (see Figure 7). In this 
mode the input voltage can go as low as 4 volts above - Vs. In 
this configuration 
the input is a high impedance, and only the 
20nA (typical) input bias current of the op amp need be supplied 
by the input signal. This is contrasted with the more usual 
positive input voltage configuration, 
which has a 20kfi input 
impedance and requires O.5mA from the signal source. 


SVFC CONNECTION 
FOR BIPOLAR INPUT 
VOLTAGES 
A bipolar input voltage of ± 5V can be accommodated by injecting 
a 250JJ.Acurrent into pin 5. This is shown in Figure 8a. A -5V 
signal will then provide a zero sum current at the integrator 
summing junction which will result in a zero output frequency, 
while a + 5V signal will provide a 0.5mA (full-scale) sum current 
which will result in the full-scale output frequency. 


The use of an external resistor to inject the offset current will 
have some effect on the bipolar offset temperature 
coefficient. 


The ideal transfer curve with bipolar inputs is shown in Figure 
8b. The user actually has four options to use in injecting the 
bipolar offset current into the inverting input of the op amp: 
I) use an external resistor for Ros and the internal 20k resistor 
for R1N (as shown in Figure 8a); 2) use the internal 20k resistor 
as Ros and an external RIN; 3) use two external resistors; 4) use 
two internal resistors for RIN and Ros (available on PLCC version 
only). 


Option #4 provides the closest to the ideal transfer function as 
diagrammed 
in Figure 8b. Figure 8c shows the effects on the 
transfer relation of the other three options. In the first case, the 
slope of the transfer function is unchanged with temperature. 
However, VZERO( the input voltage required to produce an 
output frequency of OHz) and FzERo (the output frequency 
when VIN = OV) changes as the transfer function is displaced 
parallel to the voltage axis with temperature. 
In the second case, 


FzERo remains constant, but VZEROchanges as the transfer 
function rotates about FZEROwith temperature 
changes. In the 
third case, with two external resistors, the VZEROpoint remains 
invariant while the slope and offset of the transfer function 
change with temperature. 
If selecting this third option, the user 


should select low drift, matched resistors. 


+v. 


Figure Bb. Ideal Bipolar 
Input TransverCurve 
Over 
Temperature 
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PLCC CONNECTIONS 
The PLCC packaged AD652 offers additional input resistors not 
found on the cerdip-packaged 
device. These resistors provide 
the user with additional input voltage ranges. Besides the 10V 
range available using the on-chip resistor in the cerdip part, the 
PLCC device also offers 8V and 5V ranges. Figures 9a-9c show 
the proper connections for these ranges with positive input 
voltages. For negative input voltages, the appropriate 
resistor 
should be tied to analog ground and the input voltage should be 
applied to pin 6, the "+" input of the op amp. 


Bipolar input voltages can be accommodated 
by injecting a 
250fLA into pin 5 with the use of the 5V reference and the input 
resistors. For ± 5V or ± 2.5V range the reference output, pin 
20, should be tied to pin 10. The input signal should then be 
applied to pin 8 for a ± 5V signal and pin 7 for a ± 2.5V signal. 
The input connections for a ± 5V range are shown in Figure 
9d. For a ± 4V range, the input signal should be applied to pin 
9, and pin 20 should be connected to pin 8. • 


GAIN AND OFFSET CALIBRATION 
The gain error of the AD652 is laser trimmed to within 
±0.5%. 


If higher accuracy is required, 
the internal 20kn resistor must 
be shunted with a 2Mn resistor to produce a parallel equivalent 
which is 1% lower in value than the nominal 20kn. 
Full scale 
adjustment 
is then accomplished 
using a soon 
series trimmer. 


See Figures lOa and lOb. When negative input voltages are 
used, this soon trimmer will be tied to ground and pin 6 will 
be the input pin. 


This gain trim should be done with an input voltage of 9V, and 
the output frequency should be adjusted to exactly 45% of the 
clock frequency. 
Since the device settles into a divide-by-two 
mode for an input overrange condition, 
adjusting the gain with 
a 10V input is impractical; the output frequency would be exactly 
one-half the clock frequency if the gain were too high and would 
not change with adjustment 
until the exact proper scale factor 
was achieved. Hence, the gain adjustment 
should be done with 
a 9V input. 


scheme shown in Figures loa lor the cereup pacKagea aeVlce 
and Figure lOb for the PLCC packaged device. One way of 
trimming the offset is by grounding pin 7 (8) of the cerdip 
(PLCC) packaged device and observing the waveform at pin 4. 
If the offset voltage of the op amp is positive, then the integrator 
will have saturated and the voltage will be at the positive rail. If 
the offset voltage is negative, then there will be a small effective 
input current that will cause the AD652 to oscillate and a sawtooth 
waveform will be observed at pin 4. The trimpot should be 
adjusted until the downward slope of this sawtooth becomes 
very slow, down to a frequency oflHz 
or less. In an analog-to-digit- 
al conversion application, 
an easier way to trim the offset is to 
apply a small input voltage, such as 0.01% of the full-scale 
voltage, and adjust the trimpot until the correct digital output is 
reached. 


GAIN PERFORMANCE 
The AD652 gain error is specified as the difference in slope 
between the actual and the ideal transfer function over the full-scale 
frequency range. Figure II shows a plot of the typical gain 
error changes vs. the clock input frequency, normalized to 
100kHz. If after using the AD652 with a full-scale clock frequency 
of 100kHz it is decided to reduce the necessary gating time by 
increasing the clock frequency, 
this plot shows the typical gain 
changes normalized to the original 100kHz gain. 
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REFERENCE NOISE 
The AD652 has on board a precision buffered 5V reference 
which is available to the user. Besides being used to offset the 
noninverting 
comparator input in the voltage-to-frequency 
mode, 
this reference can be used for other applications such as offsetting 
the input to handle bipolar signals and providing bridge excitation. 
It can source 10mA and sink loo..,A, and is short circuit protected. 
Heavy loading of the reference will not change the gain of the 
VFC, although it will affect the external reference voltage. For 
example, a 10mA load interacting with a 0.30 typical output 
impedance will change the reference voltage by 0.06%. 


DIGITAL 
INTERFACING 
CONSIDERATIONS 
The AD652 clock input is a high impedance input with a threshold 
voltage of two diode voltages with respect to Digital Ground at 
pin 12 (approximately 
1.2 volts at room temp). When the clock 
input is low, 5-10f.LAflows out of this pin. When the clock 
input is high, no current flows. 


The frequency output is an open collector pull-down and is 
capable of sinking 10mA with a maximum voltage of 0.4 volts. 
This will drive 6 standard TTL inputs. The open collector pull 
up voltage can be as high as 36 volts above digital ground. 


COMPONENT 
SELECTION 
The AD652 integrating capacitor should be 0.02f.loF.If a large 
amount of normal mode interference 
is expected (more than 0.1 
volts) and the clock frequency is less than 500kHz, an integrating 
capacitor of O.lf.loFshould be used. Mylar, polypropylene, 
or 
polystyrene capacitors should be used. 


The open collector pull-up resistor should be chosen to give 
adequately fast rise times. At low clock frequencies (100kHz) 
larger resistor values (several kO) and slower rise times may be 
tolerated. However, at higher clock frequencies (IMHz) a lower 
value resistor should be used. The loading of the logic input 
which is being driven must also be taken into consideration. 
For 
example, if 2 standard TTL loads are to be driven then a 3.2mA 
current must be sunk, leaving 6.8mA for the pull-up resistor if 
the maximum low level voltage is to be maintained 
at 0.4 volts. 


A 6800 resistor would thus be selected «~.4)V/6.8mA) 
= 
6800. 


The one-shot capacitor controls the pulse width of the frequency 
output. The pulse is initiated by the rising edge of the clock 
signal. The delay time between the rising edge of the clock and 
the falling edge of the frequency output is typically 200ns. The 
width of the pulse is 5nslpF and the minimum width is about 
200ns with pin 9 floating. If the one-shot period is accidentally 
chosen longer than the clock period, the width of the pulse will 


default to equal the clock period. The one-shot can be disabled 
by connecting pin 9 to + Vs (Figure 12); the output pulse width 
will then be equal to the clock period. The one-shot is activated 
(Figure 13) by connecting a capacitor from pin 9 to + Vs, - Vs, 
or Digital Ground( + Vs is preferred). 
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Figure 
12. 
OneShot 
Disabled 
Figure 13. OneShot 
Enabled 


DIGITAL 
GROUND 
Digital Ground can be at any potential berween - Vs and ( + Vs 
- 4 volts). This can be very useful in a system with derived 
grounds rather than stiff supplies. For example, in a small isolated 
power circuit, often only a single supply is generated and the 
"ground" 
is set by a divider tap. Such a ground cannot handle 
the large currents associated with digital signals. With the AD652 
SVFC, it is possible to connect the DIG GND to - Vs for a 
solid logic reference, as shown in Figure 14. 


SINGLE 
SUPPLY 
OPERATION 
In addition to the Digital Ground being connected to - Vs, it is 
also possible to connect Analog Ground to - Vs of the AD652. 
Hence, the device is truly operating from a single supply voltage 
that can range from + 12V to + 36V. This is shown in 
Figure 15 for a positive voltage input and Figure 16 for a negative 
voltage input. 


In Figure 15, the comparator 
reference is used as a derived 
ground, and the input voltage is referred to this point as well as 
the op amp common mode (pin 6 is tied to pin 16). Since the 
input signaJ source must drive 0.5mA of full-scale signal current 
into pin 7, it must also draw the exact same current from the 


input reference potential. This current will thus be provided by 
the 5V reference. 


In the single supply operation mode, an external resistor, 


RpULLUP' 
is necessary berween the power supply, + Vs, and the 
5V reference output. 
This resistor should be selected such that a 
current of approximately 
500•.•.A flows during operation. 
For 
example, with a power supply voltage of + 15V, a 20kO resistor 
would be selected «15V - 
5V)/500•.•.A = 20kO). 


Figure 16 shows the negative voltage input configuration 
for use 
of the AD652 in the single supply mode. In this mode the signaJ 
source is driving the" +" input of the op amp which requires 
only 20nA (typical), rather than the 0.5mA required in the 
positive input voltage configuration. 
The voltage at pin 6 may 
go as low as 4 volts above ground ( - Vs, pin 8). Since the input 
reference is 5.0 volts above ground, this leaves a IV window for 
the input signal. In order to drive the integrating capacitor with 
a O.5mA full-scale current, 
it is necessary to provide an external 
2kO resistor. This results in a 2kO resistor and a IV input 
range. The external 2kO resistor should be a low-TC metal-ftim 
type for lowest drift degradation. 
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FREQUENCY- TO-VOLTAGE 
CONVERTER 
The AD652 SVFC also works as a frequency-to-voltage 
converter. 
Figure 17 shows the connection diagram for FN conversion. 
In 
this case the "-" 
input of the comparator is fed the input 
pulses. Either comparator input may be used so that an input 
pulse of either polarity may be applied to the FN. In Figure 17 
the "+" input is tied to a 1.2V reference and low level TTL 
pulses are used as the frequency input. The pulse must be low 


on the falling edge of the clock. On the subsequent 
rising edge 
the lmA current source is switched to the integrator summing 
junction and ramps up the voltage at pin 4. Due to the action of 
the AND gate, the lmA current is switched off after only one 
clock period. The average current delivered to the summing 
junction varies from 0 to O.SmA; using the internal 20kn resistor 
this results in a full-scale output voltage of IOV at pin 4. 
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Figure 17. Frequency-to-Voltage Converter 


The frequency response of the circuit is determined 
by the 
capacitor; the - 3dB frequency is simply the RC time constant. 
A tradeoff exists between ripple and response. If low ripple is 
desired, a large value capacitor must be used (lll-F), if fast 
response is needed, a small capacitor is used (InF minimum). 


The op amp can drive a Skn resistor load to 10V, using a ISV 
positive power supply. If a large load capacitance (O.OIIl-F)must 
be driven, then it is necessary to isolate the load with a son 
resistor as shown. Since the son resistor is 0.25% of the full 
scale, and the specified gain error with the 20kn resistor is 
± 0.5%, this extra resistor will only increase the total gain error 
to +0.75% 
max. 


The circuit shown is unipolar and only a 0 to + 10V output is 
allowed. The integrator 
op amp is not a general purpose op 
amp, rather it has been optimized for simplicity and high speed. 
The most significant difference between this amplifier and a 
general purpose op amp is the lack of an integrator (or level 
shift) stage. Consequently, 
the voltage on the output (pin 4) 
must always be more positive than 1 volt below the inputs 
(pins 6 and 7). For example, in the F-to-V conversion mode, 
the noninverting 
input of the op amp (pin 6) is grounded which 
means that the output (pin 4) cannot go below - 1 volt. Normal 
operation of the circuit as shown will never call for a negative 
voltage at the output. 


A second difference between this op amp and a general purpose 
amplifier is that the output will only sink I.SmA to the negative 
supply. The only pulldown other than the lmA current used for 
voltage-to-frequency 
conversion is a O.SmA source. The op amp 
will source a great deal of current from the positive supply, and 
it is internally protected 
by current limiting. The output of the 


op amp may be driven to within 4 volts of the positive supply 
when not sourcing external current. 
When sourcing lOrnA, the 
output voltage may be driven to within 6 volts of the positive 
supply. 


DECOUPLING 
AND GROUNDING 
It is good engineering practice to use bypass capacitors on the 
supply-voltage pins and to insert small-valued resistors (10 to 
lOOn) in the supply lines to provide a measure of decoupling 
between the various circuits in a system. Ceramic capacitors of 
O.lll-F to l.0ll-F should be applied between the supply-voltage 
pins and analog signal ground for proper bypassing on the 
AD6S2. 


In addition, a larger board level decoupling capacitor of lll-F to 
IOIl-Fshould be located relatively close to the AD6S2 on each 
power supply line. Such precautions 
are imperative in high 
resolution data acquisition applications where one expects to 
exploit the full linearity and dynamic range of the AD6S2. 


Separate digital and analog grounds are provided on the AD6S2. 
The emitter of the open collector frequency output transistor 
and the clock input threshold only are returned 
to the digital 
ground. Only the SV reference is connected to analog ground. 
The purpose of the two separate grounds is to allow isolation 
between the high precision analog signals and the digital section 
of the circuitry. 
Much noise can be tolerated on the digital 
ground without affecting the accuracy of the VFC. Such ground 
noise is inevitable when switching the large currents associated 
with the frequency output signal. 


At high full-scale frequencies, 
it is necessary to use a pull-up 
resistor of about soon 
in order to get the rise time fast enough 
to provide well defmed output pulses. This means that from a 5 
volt logic supply, for example, the open collector output will 
draw 10rnA. This much current being switched will cause ringing 
on long ground runs due to the self inductance of the wires. For 
instance, #20 gauge wire has an inductance 
of about 20nH per 
inch; a current of 10rnA being switched in sOns at the end of 12 
inches of 20 gauge wire will produce a voltage spike of sOmV. 
The separate digital ground of the AD6S2 will easily handle 
these types of switching transients. 


A problem will remain from interference 
caused by radiation of 
electro-magnetic 
energy from these fast transients. 
Typically, a 
voltage spike is produced by inductive switching transients; 
these spikes can capacitively couple into other sections of the 
circuit. Another problem is ringing of ground lines and power 
supply lines due to the distributed 
capacitance and inductance 
of the wires. Such ringing can also couple interference 
into 
sensitive analog circuits. The best solution to these problems is 
proper bypassing of the logic supply at the AD6S2 package. A 
lll-F to IOIl-Ftantalum capacitor should be connected directly to 
the supply side of the pull-up resistor and to the digital ground, 
pin 12. The pull-up resistor should be connected directly to the 
frequency output, pin 11. The lead lengths on the bYPaSScapacitor 
and the pull-up resistor should be as short as possible. The 
capacitor will supply (or absorb) the current transients, 
and 
large ac signals will flow in a physically small loop through the 
capacitor, pull-up resistor, and frequency output transistor. 
It is 
important 
that the loop be physically small for two reasons: 
first, there is less inductance if the wires are short, and second, 
the loop will not radiate RFI efficiently. 


The digital ground (pin 12) should be separately connected to 
the power supply ground. Note that the leads to the digital 
power supply are only carrying dc current. 
There may be a dc 
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analog and digital grounds. This will not cause a problem. These 
features greatly ease power distribution 
and ground management 
in large systems. Proper technique for grounding requires separate 
digital and analog ground returns to the power supply. Also, the 
signal ground must be referred directly to analog ground (pin 6) 
at the package. More information on proper grounding and 
reduction of interference 
can be found in reference 1. 


FREQUENCY 
OUTPUT 
MULTIPLIER 
The AD652 can serve as a frequency output multiplier when 
used in conjunction with a standard voltage-to-frequency 
con- 
verter. Figure 18 shows the low cost AD654 VFC being used as 
the dock input to the AD652. Also shown is a second AD652 in 
the FN mode. The AD654 is set up to produce an output frequency 
of 0-5OOkHz for an input voltage (VI) range of Q-IOV. The use 
of R4, CI, and the XOR gate doubles this output frequency 
from Q-5ookHz to Q-IMHz. 


I"Noise Reduction Techniques in Electronic Systems;' by H.W. On, 
(John Wiley, 1976). 


1illS lNU1.Z lUll-scale trequency ISthen used as the dock input 
to the AD652 SVFC. Since the AD652 full-scale output frequency 
is one-half the dock frequency, 
the IMHz FS dock frequency 
establishes a 500kHz maximum output frequency for the AD652 
when its input voltage (V2) is + 10V. The user thus has an 
output frequency range- from 0-5ookHz which is proportional 
to 
the product of VI and V2' 


This can be shown in equation form, where fc is the AD654 
output frequency and four is the AD652 output frequency: 


IMHz 
fC = VI 
10V 


four = V2 (~~) 
• 


four = V,Vz (2(1;~:0V)) 


four = VI . Vz . 5kHzNz 


The scope photo in Figure 19 shows VI and V2 (top two traces) 
and the output of the F-V (bottom trace). 


SINGLE-LINE 
MULTIPLEXED 
DATA TRANSMISSION 
It is often necessary to measure several different signals and 
relay the information to some remote location using a minimum 
amount of cable. Multiple AD652 SVFC devices may be used 
with a multiphase dock to combine these measurements 
for 
serial transmission 
and demultiplexing. 
Figure 20 shows a block 
diagram of a single-line multiplexed 
data transmission system 
with high noise immunity. 
Figures 21, 22 and 23 show the 
SVFC multiplexer, 
a representative 
means of data transmission, 
and an SVFC demultiplexer 
respectively. 


Multiplexer 
Figure 21 shows the SVFC multiplexer. 
The dock inputs for 
the several SVFC channels are generated by a TIM9904A four 
phase dock driver, and the frequency outputs are combined by 
strapping all the frequency output pins together (a "wire or" 
connection). 
The one-shot in the AD652 sets the pulse width of 
the frequency output pulses to be slightly shorter than one 
quarter of the dock period. Synchronization 
is achieved by 
applying one of the four available phases to a fIxed TTL one-shot 
('121) and combining the output with an external transistor. 
The width of this sync pulse is shorter than the width of the 
frequency output pulses to facilitate decoding the signal. The 
RC lag network on the input of the one-shot provides a slight 
delay between the rising edge of the dock and the sync pulse in 
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Figure 20. 
Single Line Multiplexed 
Data Transmission 
Block Diagram 


Transmitter 
The multiplex signal can be transmitted 
in any manner suitable 
to the task at hand. A pulse transformer 
or an opto-isolator can 
provide galvanic isolation; extremely high voltage isolation or 
transmission through severe RF environments can be accomplished 
with a fiber-optic link; telemetry can be accomplished with a 
radio link. The circuit shown in Figure 22 uses an EIA RS-422 
standard for digital data transmission 
over a balanced line. 


Figure 24 shows the waveforms of the four clock phases and the 
multiplex output signal. Note that the sync pulse is present 
every clock cycle, but the data pulses are no more frequent than 
every other clock cycle since the maximum output frequency 
from the SVFC is half the clock frequency. The clock frequency 
used in this circuit is 819.2 kHz and will provide more than 
16 bits of resolution if 100 millisecond gate time is allowed for 
counting pulses of the decoded output frequencies. 


SVFC Demultiplexer 
The demultiplexer 
needed to separate the combined signals is 
shown in Figure 23. A phase locked loop drives another four 
phase clock chip to lock onto the reconstructed 
clock signal. 


The sync pulses are distinguished 
from the data pulses by their 
shorter duration. 
Each falling edge on the multiplex input signal 
triggers the one-shot, and at the end of this one-shot pulse the 
multiplex input signal is sampled by a D-type flip-flop. If the 
signal is high, then the pulse was short (a sync pulse) and the Q 
output of the D-flop goes low. The D-flop is cleared a short 
time (two gate delays) later, and the clock is reconstructed 
as a 
stream of short, low-going pulses. If the Multiplex input is a 
data pulse, then when the D-flop samples at the end of the one- 
shot period, the signal will still be low and no pulse will appear 
at the reconstructed 
clock output. 
These waveforms are shown 
in Figure 25. 


If it is desired to recover the individual frequency signals, then 
the multiplex input is sampled with a D-flop at the appropriate 
time as determined 
by the rising edge of the various phases 
generated by the clock chip. These frequency signals can be 


counted as a ratio relative to the reconstructed 
clock, so it is not 
even necessary for the transmitter 
to be crystal controlled as 
shown here. 
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Analog Signal Reconstruction 
If it is desired to reconstruct the analog voltages from the multiplex 
signal, then three more AD652 SVFC devices are used as fre- 
quency-to-voltage 
converters, 
as shown in Figure 26. The com- 
parator inputs of all the devices are strapped together, and the 
"+" inputs are held at a 1.2 volt TTL threshold, while the 


" -" 
inputs are driven by the multiplex input. The three clock 
inputs are driven by the ;j) outputs of the clock chip. Remember 
that data at the comparator 
input of the SVFC is loaded on the 
falling edge of the clock signal and shifted out on the next rising 
edge. Note that the frequency signals for each data channel are 
available at the frequency output pin of each FVC. 


ISOLATED 
FRONT 
END 
In some applications it may be necessary to have complete galvanic 
isolation between the analog signals being measured and the 
digital portions of the circuit. The circuit shown in Figure 27 
runs off a single 5 volt power supply and provides a self-contained, 
completely isolated analog measurement 
system. The power for 


the AD652 SVFC is provided by a chopper and a transformer, 
and is regulated to ± 15 volts. 


Both the chopper frequency and the AD652 clock frequency are 
125kHz, with the clock signal being relayed to the SVFC through 
the transformer. 
The frequency output signal is relayed through 
an opto-isolator and latched into a D-flop. The chopper frequency 
is generated from an AD654 VFC and is frequency divided by 
two to develop differential drive for the chopper transistors, 
and 
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to ensure an accurate 50 percent duty cycle. The pull-up resistors 
on the D-flop outputs provide a well defmed high level voltage 
to the choppers to equalize the drive in each direction. The 
IO",H inductor in the + 5V lead of the transformer 
primary is 
necessaty to equalize any residual imbalance in the drive on 
each half-cycle and thus prevent saturation of the core. The 
capacitor across the primary resonates the system so that under 
light loading conditions on the secondary the wave shape will be 
sinusoidal and the clock frequency will be relayed to the SVFC. 
To adjust the chopper frequency, disconnect any load on the 
secondary and tune the AD654 for a minimum in the supply 
current drawn from the 5 volt supply. 


A.TO·D CONVERSION 
In performing 
an A-to-D conversion, the output pulses of a 
VFC are counted for a ftxed gate interval. To achieve maximum 
performance with the AD652, the ftxed gate interval should be 
generated using a multiple of the SVFC clock input. Counting 
in this manner will eliminate any errors due to the clock (whether 
it be jitter, drift with time or temperature, 
etc.) since it is 
the ratio of the clock and output frequencies that is being 
measured. 


The resolution of the A-to-D conversion measurement 
is deter- 
mined by the clock frequency and the gate time. If, for instance, 
a resolution of 12 bits is desired and the clock frequency is 
IMHz (resulting in an AD652 FS frequency of 500kHz) the 
gate time will be: 


(FS Freq)-I 
= (!Clock Freq)-I 
= ( IMHZ)-I 
N 
2 
N 
2(4096) 


8192 
= ---sec 
I x 106 
Where N is the 
total number of 
codes for a given 
resolution. 


Figure 28 shows the AD652 SVFC as an A-to-D converter in 
block diagram form. 


To provide the 
-T 2N block a single chip counter such as the 
4020B can be used. The 4020B is a 14-stage binary ripple counter 
which has a clock and master reset for inputs, and buffered 
outputs from the ftrst stage and the last eleven stages. The 
output of the ftrst stage is fcLOCK 
-T 2' = fcLocKl2, while the 
output of the last stage is fCLOCK 
-T 214 = fcLocK/16384. 
Hence 
using this single chip counter as the 
-T 2N block, 13-bit resolution 
can be achieved. Higher resolution can be achieved by cascading 
D-type flip-flops or another 4020B with the counter. 


Table I shows the relationship 
berween clock frequency and 
gate time for various degrees of resolution. Note that if the 
variables are chosen such that the gate times are multiples of 50, 
60 or 400Hz, normal-mode 
rejection (NMR) of those line fre- 
quencies will occur. 


Conversion 
or 
Resolution 
N 
Qock 
Gate Time 
TypLin 
Comments 


12 Bits 
4096 
81.92kHz 
lOOms 
0.002%' 
50,6O,4OOHzNMR 
12 Bits 
4096 
2MHz 
4.096ms 
0.01% 
12 Bits 
4096 
4MHz 
2.048ms 
0.02% 


4 Digits 
1סס oo 
200kHz 
lOOms 
0.002% 
50,60, 
400Hz 
NMR 
14 Bits 
16384 
327.68kHz 
lOOms 
0.002% 
50,60, 
400Hz 
NMR 
14 Bits 
16384 
I.966MHz 
16.66ms 
0.01% 
60HzNMR 
14Bits 
16384 
1.638MHz 
20ms 
0.01% 
50HzNMR 
4112 Digits 
2סס oo 
400kHz 
lOOms 
0.002% 
50,60, 
400Hz 
NMR 
16Bits 
65536 
655.36kHz 
200ms 
0.002% 
50,60, 
400Hz 
NMR 
16Bits 
65536 
4MHz 
32.77ms 
0.02% 


DELTA 
MODULATOR 
The circuit of Figure 29 shows the AD652 conftgured as a delta 
modulator. 
A reference voltage is applied to the input of the 
integrator (pin 7), which sets the steady state output frequency 
at one-half of the AD652 full-scale frequency (1/4 of the clock 
frequency). As a 0 to 10V input signal is applied to the comparator 
(pin 15), the output of the integrator attempts to track this 
signal. For an input in an idling condition (dc) the output frequency 
will be one-half full scale. For positive going signals the output 
frequency will be between one-half full scale and full scale, and 
for negative going signals the output frequency will be berween 
zero and one-half full scale. The output frequency will correspond 
to the slope of the comparator 
input signal. 
• 


Since the output frequency corresponds 
to the slope of the input 


signal, the delta modulator acts as a differentiator. 
A delta mod- 
ulator is thus a direct way of fmding the derivative of a signal. 
This is useful in systems where, for example, a signal corresponding 
to velocity exists and it is desired to determine acceleration. 


Figure 30 is a scope photo showing a 20kHz, 0 to 10V sine 
wave used as the input to the comparator 
and its ramp-wise 
approximation 
at the integrator output. 
The clock frequency 
used as 2MHz and the integrating 
capacitor was 36OpF. Figure 
31 shows the same input signal and its ramp-wise approximation, 
along with the output frequency corresponding 
to the derivative 
of the input signal. In this case the clock frequency was 
850kHz. 


The choice of an integrating capacitor is primarily dictated by 
the input signal bandwidth. 
Figure 32 shows this relationship. 
It should be noted that as the value of CINT is lowered, the 
ramp size of the integrator 
approximation 
becomes larger. This 
can be compensated 
for by increasing the clock frequency. The 


Figure 30. 
Delta Modulator 
Input Signal and Ramp- Wise 
Approximation 


Figure 31. Delta Modulator 
Input Signal, 
Ramp-Wise 
Approximation 
and Output 
Frequency 
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Figure 32. 
Maximum 
Integrating 
Cap Value vs. Input 
Signal 
Bandwidth 


The circuit of Figure 33 illustrates a simple interface between 
the AD652 and a bridge-type 
transducer. 
The AD652 is an ideal 
choice because its buffered 5 volt reference can be used as the 
bridge excitation thereby ratiometrically 
eliminating the gain 
drift related errors. This reference will provide a rillnimum of 
10mA of external current, which is adequate for bridge resistance 
of 6000 and above. If, for example, the bridge resistance is 
1200 or 3500, an external pull-up resistor (Rpu) is required 
and can be calculated using the formula: 


+Ys 
-5Y 
Rpu (max) = -5-Y---- 
---10mA 
RBRIDGE 


An instrumentation 
amplifier is used to condition the bridge 
signal before presenting 
it to the SYFC. The AD625, with its 
high CMRR, minimizes common-mode 
errors and also can be 
set to arbitrary gains between I and 10,000 via three resistors, 
simplifying the scaling for the AD652's calibrated 
10 volt input 
range. These resistors should be selected such that the following 
equation holds: 


lOY = YBRJDGE (2~ 
+ I) 


where 10kO :s RF:s 
20kO, and YBRJDGE is the maximum output 
voltage of the bridge. 


The bridge output may be unipolar, 
as is the case for most 
pressure transducers, 
or it may be bipolar as in some strain 
measurements. 
If the signal is unipolar, 
the reference input of 
the AD625 (pin 7) is simply grounded. 
If the bridge has a bipolar 
output, 
however, the AD652 reference can be tied to pin 7, 


thereby converting a ± 5 volt signal (after gain) into a 0 to + 10 
volt input for the SYFC. 


NOTES 
1. RF SHOULD 
BE BETWEEN 
10k AND 20tl. 


2. R", 
NEEDED IF RBRIDGE 


60011. 


3. 81 IN POSITION 
1 FOR 
UNIPOLAR 
SIGNALS 
AND 
POSITION 
2 FOR BIPOLAR 
SIGNALS. 
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FEATURES 
Low Cost 
Single or Dual Supply, 5 to 36 Volts, ± 5V to ± 18V 
Full Scale Frequency Up to 500kHz 
Minimum Number of External Components Needed 
Versatile Input Amplifier 
Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 
Low Power: 2.0mA Quiescent Current 
Low Offset: 1mV 


PRODUCT 
DESCRIPTION 
The AD654 is a monolithic VIF converter consisting of an input 
amplifier, a precision oscillator system, and a high current output 
stage. A single RC network is all that is required to set up any 
full scale (F.S.) frequency up to 500kHz and any F.S. input 
voltage up to ± 30V. Linearity error is only 0.03% for a 250kHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
The overall temperature 
coefficient (excluding the effects of 
external components) 
is typically ±50ppml"C. The AD654 
operates from a single supply of 5 to 36V and consumes only 
2.0mA quiescent current. 


The low drift (41'-Vt'C typ) input amplifier allows operation 
directly from small signals such as thermocouples 
or strain 
gauges while offering a high (250MO) input resistance. Unlike 
most VIF converters, 
the AD654 ·provides a square-wave output, 
and can drive up to 12 TTL loads, opto-couplers, 
long cables, 
or similar loads. 


Low Cost Monolithic 
Voltage- to- Frequency Converter 


AD654 
I 
• 


2 


LOGIC 
COMMON 


PRODUCT 
HIGHLIGHTS 
I. Packaged in both an 8-pin mini-DIP 
and an.8-pin 
SOIC 
package, the AD654 is a complete VIF converter requiring 
only an RC timing network to set the desired full scale frequency 
and a selectable pull-up resistor for the open-collector 
output 
stage. Any full scale input voltage range from lOOmV to 10 
volts (or greater, depending on + Vs) can be accommodated 
by proper selection of the timing resistor. The full scale 
frequency is then set by the timing capacitor from the simple 
relationship, 
f = V/IORC. 


2. A minimum number of low cost external components 
are 
necessary. A single RC network is all that is required to set 
up any full scale frequency up to 500kHz and any full scale 
input voltage up to ± 30V. 


3. Plastic packaging allows low cost implementation 
of the 
standard VFC applications: 
AID conversion, isolated signal 
transmission, 
FN conversion, phase-locked 
loops, and tuning 
switched-capacitor 
ftIters. 


4. Power supply requirements 
are minimal; only 2.0mA of 
quiescent current is drawn from the single positive supply 
from 4.5 to 36 volts. In this mode, positive inputs can vary 
from 0 volts (ground) to ( + Vs - 4) volts. Negative inputs 
can easily be connected for below ground operation. 


5. The versatile open-collector 
output stage can sink more than 
IOmA with a saturation voltage less than 0.4 volts. The Logic 
Common terminal can be connected to any level between 
ground (or - Vs) and 4 volts below + Vs. This allows easy 
direct interface to any logic family with either positive or 
negative logic levels. 


AD654 -SPECIFICATIONS 
(.= +25OCandVs(toIal) 
=51D16.5V,unlessothetwisespecified. 
Alltesting done @ Vs= + 5Vl. 


AD654JN/JR 
Min 
Typ 
Max 
Units 


0 
500 
kHz 


0.06 
0.1 
% 


0.20 
0.4 
% 


-10 
10 
% 


0.20 
0.40 
%N 
0.05 
0.10 
%N 
50 
ppml"C 


Model 


CURRENT- TO-FREQUENCY 
CONVERTER 
Frequency Range 
Nonlinearityl 
f""", = 250kHz 
f""", = 500kHz 
Full Scale Calibration Error 
C = 39OpF,11N = l.000mA 
vs. Supply (f""", :S 250kHz) 


Vs = +4.7sto 
+S.2SV 
Vs= 
+s.2sto+16.sV 


vs. Temp (0 to 70°C) 


ANALOG INPUT AMPLIFIER 


(Voltage-to-Current 
Converter) 
Voltage Input Range 
Single Supply 
Dual Supply 
Input Bias Current 


(Either Input) 


Input Offset Current 
Input Resistance (Non-Inverting) 
Input Offset Voltage 


vs. Supply 


Vs = +4.7sto 
+5.25V 


Vs= 
+s.2sto+16.5V 


vs. Temp (0 to 70°C) 


OUTPUT INTERFACE 
(Open Collector Output) 


(Symmetrical Square Wave) 
Output Sink Current in Logic "0,,2 
VOUT = 0.4Vmax,2Soc 
VOlrr = O.4Vmax, 0 to 70°C 
Output Leakage Current in Logic" I" 


Ot070°C 
Logic Common Level Range 
RiselFall Times(CT 
= O.OlfLF) 


IIN = ImA 
IIN = IfLA 


POWER SUPPLY 
Voltage, Rated Performance 
Voltage, Operating Range 
Single Supply 
Dual Supply 
Quiescent Current 
Vs(Total) 
= 5V 


Vs(Total) 
= 30V 


TEMPERATURE 
RANGE 
Operating Range 


PACKAGE OPTIONS3 


SOIC 
Plastic DIP 


0 
(+Vs 
-4) 
V 
-Vs 
(+Vs 
-4) 
V 


30 
50 
nA 
5 
nA 
250 
Mil 
0.5 
1.0 
mV 


0.1 
0.25 
mVN 
0.03 
0.1 
mVN 
4 
fLVrC 


10 
20 
5 
10 
10 
50 
-Vs 


0.2 
1 


4.5 


4.5 
±s 


1.5 
2.0 


-40 


AD6s4JR 
AD6s4JN 


100 
500 
(+Vs -4) 


36 
± 18 


NOTES 
IAlf~ 
= 2S0kHz;RT 
~ lk!l,Cr 
= 39OpF,IIN ~ Q-lmA. 


f~ 
~ SOOkHz;RT = lk!l,Cr 
~ 200pF,IIN = Q-lmA. 
2The sink current 
is the amount 
of current 
that can flow into Pin 1 aCthe AD6S4 
while maintaining 
a maximum 
voltage 
ofO.4V 
between 
Pin 1 and Logic Common. 
3N = PlasticDIP;R 
= sOle. For outline information seePackage Information section. 


Specifications 
shown in boldface 
ace tested on all production 
units at fmal electrical 
test. Results 
from those tests are used to calculate 
outgoing 
quality 
levels. 


All min and max specifications 
are guaranteed, 
although 
only those shown 
in boldface 
are tested 
on all production 
units. 


Specifications 
subject 
to change 
without 
notice. 


ABSOLUTE 
MAXIMUM 
RATINGS 


Total Supply Voltage + Vs to - Vs 
Maximum Input Voltage 
(Pins 3, 4) to -Vs 
. 


CIRCUIT OPERATION 
The AD654's block diagram appears in Figure J. A versatile 
operational amplifier serves as the input stage; its purpose is to 
convert and scale the input voltage signal to a drive current in 
the NPN follower. Optimum performance 
is achieved when, at 
the full scale input voltage, a lmA drive current is delivered to 
the current-to-frequency 
converter (an astable multivibrator). 
The drive current provides both the bias levels and the charging 
current to the externally connected timing capacitor. This "adap- 
tive" bias scheme allows the oscillator to provide low nonlinearity 
over the entire current input range of lOOnAto 2mA. The square 
wave oscillator output goes to the output driver which provides 
a floating base drive to the NPN power transistor. This floating 
drive allows the logic interface to be referenced to a level other 
than -Vs. 


Figure 
1. Standard 
V-F Connection 
for Positive 
Input 
Voltages 


VfF CONNECTION 
FOR POSITIVE INPUT VOLTAGES 
In the connection scheme of Figure I, the input amplifier presents 
a very high (250MO) impedance to the input voltage, which is 
converted into the proper drive current by the scaling resistors 
at pin 3. Resistors RI and R2 are selected to provide a lmA full 
scale current with enough trim range to accommodate the AD654's 
10% FS error and the components' 
tolerances. Full scale currents 
other than lmA can be chosen, but linearity will be reduced; 
2mA is the maximum allowable drive. The AD654's positive 
input voltage range spans from - Vs (ground in single supply 
operation) to four volts below the positive supply. Power supply 


*Teflon is • trademark of E. 1. Du Pont d. Nemours & Co. 
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Maximum Output Current 
Instantaneous 
. . . . 
Sustained 
. . . . . . . . 
Logic Common to - Vs . . 
Storage Temperature 
Range 


.. 
.. 
.. 
... 
50mA 


......... 
25mA 
-500mV 
to (+Vs 
-4) 
... 
-65°C 
to + 150°C 


rejection degrades as the input exceeds ( + Vs - 
3.75V) and at 
(+ Vs - 
3.5V) the output frequency goes to zero. 


As indicated by the scaling relationship 
in Figure I, a 0.0 IILF 
timing capacitor will give a 10kHz full scale frequency, 
and 
O.ooIILF will give 100kHz with a lmA drive current. 
Good VIP 
linearity requires the use of a capacitor with low dielectric ab- 
sorption (DA), while the most stable operation over temperature 
• 
calls for a component 
having a small tempco. Polystyrene, 
poly- 
propylene, 
or Teflon* capacitors are preferred for tempco and 
dielectric absorption; 
other types will degrade linearity. The 
capacitor should be wired very close to the AD654. In Figure I, 
Schottky diode CRI (MBDIOI) prevents logic common from 
dropping more than 500mV below - Vs. This diode is not 
required if - Vs is equal to logic common. 


VfF CONNECTIONS 
FOR NEGATIVE 
INPUT 
VOLTAGE 
OR CURRENT 
The AD654 can accommodate a wide range of negative input 
voltages with proper selection of the scaling resistor, as indicated 
in Figure 2. This connection, 
unlike the buffered positive con- 
nection, is not high impedance because the signal source must 
supply the lmA F.S. drive current. 
However, large negative 
voltages beyond the supply can be handled easily by modifying 
the scaling resistors appropriately. 
If the input is a true current 
source, RI and R2 are not used. Again, diode CRI prevents 
latch-up by insuring Logic Common does not drop more than 
500mV below - Vs. The clamp diode (MBDIOl) 
protects the 
AD654 input from "below 
- Vs" inputs. 


Figure 2. 
V-F Connections 
for Negative 
Input 
Voltages 
or 
Current 


OFFSET CALmRATION 
In theory, two adjustments 
calibrate a VfF: scale and offset. In 
practice, most applications fmd the AD654's ImV max voltage 
offset sufficiently low to forgo offset calibration. 
However, the 
input amplifier's 
30nA (typ) bias currents will generate an offset 
due to the difference in DC source resistance between the input 
terminals. This offset can be substantial for large values of 
RT = R1 + R2 and will vary as the bias currents drift over 
temperarure. 
Therefore, 
to maintain the AD654's low offset, the 
application may require balancing the DC source resistances at 
the inputs (pins 3 and 4). 


For positive inputs, this is accomplished by adding a compensation 
resistor nominally equal to RT in series with the input as shown 
in Figure 3a. This limits the offset to the product of the 30nA 
bias current and the mismatch between the source resistance RT 
and RcoMP. A second, smaller offset arises from the inputs' 5nA 
offset current flowing through the source resistance RT or RcoMP. 
For negative input voltage and current connections, 
the com- 
pensation resistor is added at pin 4 as shown in Figure 3b in 
lieu of grounding the pin directly. For both positive and negative 
inputs, the use of RcoMP may lead to noise coupling at pin 4 
and should therefore be bypassed for lowest noise operation. 


Figure 
3b. 
Bias Current 
Compensation 
- Negative 
Inputs 


If the AD654's 
ImV offset voltage must be trimmed, 
the trim 
must be performed 
external to the device. Figure 3c shows an 
optional connection for positive inputs in which RoFFI and 
RoFFl add a variable resistance in series with RT• A variable 
source of ± 0.6V applied to RoFFI then adjusts the offset ± ImV. 
Similarly, a ±0.6V variable source is applied to RoFF in 
Figure 3d to trim offset for negative inputs. The ± 0.6V bipolar 
source could simply be an AD589 reference connected as shown 
in Figure 3e. 


Figure 
3e. 
Offset 
Trim Bias Network 


FULL SCALE CALIBRATION 
Full scale trim is the calibration of the circuit to produce the 
desired output frequency with a full scale input applied. In 
most cases this is accomplished by adjusting the scaling resistor 
RT• Precise calibration of the AD654 requires the use of an 
accurate voltage standard set to the desired FS value and an 
accurate frequency meter. A scope is handy for monitoring 
output waveshape. Verification of converter linearity requires 
the use of a switchable voltage source or DAC having a linearity 
error below ± 0.005%, and the use of long measurement 
intervals 
to minimize count uncertainties. 
Since each AD654 is factory 
tested for linearity, it is unnecessary for the end-user to perform 
this tedious and time consuming test on a routine basis. 


Sufficient FS calibration trim range must be provided to accom- 
modate the worst-case sum of all major scaling errors. This 
includes the AD654's 10% full scale error, the tolerance of the 
fIXed scaling resistor, and the tolerance of the timing capacitor. 
Therefore, with a resistor tolerance of 1%and a capacitor tolerance 
of 5%, the fIxed part of the scaling resistor should be a maximum 
of 84% of nominal, with the variable portion selected to allow 
116% of the nominal. 


If the input is in the form of a negative current source, the 
scaling resistor is no longer required, 
eliminating the capability 
of trimming FS frequency in this fashion. Since it is usually not 
practical to smoothly vary the capacitance for trimming purposes, 
an alternative scheme such as the one shown in Figure 4 is 
needed. Designed for a FS of lmA, this circuit divides the 
input into two current paths. One path is through the lOOn 


resistor RI, and flowing into pin 3; it constitutes the signal 
current IT to be converted. The second path, through another 
1000 resistor Rl, carries the same nominal current. Two equal 
valued resistors offer the best overall stability, and should be 
either 1% discrete fJIIIlunits, or a pair from a common array. 


Since the lmA FS input current is divided into two 500jLA legs 
(one to ground and one to pin 3), the total input signal current 
(Is) is divided by a factor of two in this network. To achieve the 
same conversion scale factor, CT must be reduced by a factor of 
two. This results in a transfer unique to this hookup: 


f= 
_1_8_ 
(20V) CT 


For calibration purposes, 
resistors R3 and R4 are added to the 
network, allowing a ± 15% trim of scale factor with the values 
shown. By varying R4's value the trim range can be modified to 
accommodate wider tolerance components or perhaps the cali- 
bration tolerance on a current output transducer 
such as the 
AD592 temperature 
sensor. Although the values of RI - R4 
shown are valid for lmA FS signals only, they can be scaled 
upward proportionately 
for lower FS currents. 
For instance, 
they should be increased by a factor of ten for a FS current of 
loo/LA. 


In addition to the offsets generated by the input amplifier's bias 
and offset currents, 
an offset voltage induced parasitic current 
arises from the current fork input network. These effects are 
minimized by using the bias current compensation 
resistor RoFF 
and offset trim scheme shown in Figure 3e. 


Although device warmup drifts are small, it is good practice to 
allow the devices operating environment 
to stabilize before trim, 


and insure the supply, source and load are appropriate. If provision 
is made to trim offset, begin by setting the input to 1/10,000 of 
full scale. Adjust the offset pot until the output is 1/10,000 of 
full scale (for example, 25Hz for a FS of 250kHz). This is most 
easily accomplished using a frequency meter connected to the 
output. The FS input should then be applied and the gain pot 
should be adjusted until the desired FS frequency is indicated. 


INPUT 
PROTECTION 
The AD654 was designed to be used with a minimum of additional 
hardware. However, the successful application of a precision IC 
involves a good understanding 
of possible pitfalls and the use of 
suitable precautions. 
Thus + VIN and RT pins should not be 
driven more than 300mV below - Vs. Likewise, Logic Common 
should not drop more than 500mV below - Vs. This would 
cause internal junctions to conduct, possibly damaging the IC. 
In addition to the diode shown in Figures I and 2 protecting 
Logic Common, a second Schottky diode (MBDIOI) can protect 
the AD654's inputs from "below 
- Vs" inputs as shown in 
Figure 5. It is also desirable not to drive + VIN and RT above 
+ Vs. In operation, 
the converter will exhibit a zero output for 
inputs above ( + VS - 3.5V). Also, control currents above 2mA 
will increase nonlinearity. 


The AD654's 80dB dynamic range guarantees operation from a 
control current of lmA (nominal FS) down to loonA (equivalent 
to ImV to 10V FS). Below loonA improper operation of the 
oscillator may result, causing a false indication of input amplitude. 
In many cases this might be due to short-lived noise spikes 
which become added to input. For example, when scaled to 
accept an FS input of IV, the -8OdB level is only loojLV, so 
when the mean input is only 60dB below FS (ImV), noise spikes 


AD654 I 


Figure 5. Input 
Protection 


of 0.9mV are sufficient to cause momentary malfunction. 


This effect can be minimized by using a simple low-pass fJIter 
ahead of the converter or a guard ring around the RT pin. The 
3 


ftlter can be assembled using the bias current compensation 
resistor discussed in the previous section. For an FS of 10kHz, 
a single-pole ftlter with a time constant of lOOms will be suitable, 
but the optimum configuration 
will depend on the application 
and the type of signal processing. 
Noise spikes are only likely to 
be a cause of error when the input current remains near its 
minimum value for long periods of time; above loonA full 
integration of additive input noise occurs. Like the inputs, the 
capacitor terminals are sensitive to interference from other signals. 
The timing capacitor should be located as close as possible to 
the AD654 to minimize signal pickup in the leads. In some 
cases, guard rings or shielding may be required. 


DECOUPLING 
It is good engineering practice to use bypass capacitors on the 
supply-voltage pins and to insert small-valued resistors (10 to 
1(00) in the supply lines to provide a measure of decoupling 
between the various circuits in the system. Ceramic capacitors 
of O.ljLF to 1.0jLF should be applied between the supply-voltage 
pins and analog signal ground for proper bypassing on the AD654. 
A proper ground scheme appears in Figure 6. 


OUTPUT 
INTERFACING 
CONSIDERATIONS 
The output stage's design allows easy interfacing to all digital 
logic families. The output NPN transistor's 
emitter and collector 
are both uncommitted. 
The emitter can be tied to any voltage 
between - Vs and 4 volts below +Vs, and the open collector 
can be pulled up to a voltage 36 volts above the emitter regardless 
of + Vs. The high power output stage can sink over lOmA at a 
maximum saturation voltage of OAV. The stage limits the output 
current at 25mA and can handle this limit indefinitely without 
damaging the device. 


calibrating the converter at full scale. This error will vary with 
the full scale frequency and the mode of operation. 
The AD654 


operates best at a '150kHz full scale frequency with a negative 
voltage input; the linearity is typically within 0.05%. Operating 
at higher frequencies or with positive inputs will degrade the 
linearity as indicated in the Specifications Table. Typical linearity 
at various temperatures 
is shown in Figure 7. 
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Figure 
7. 
Typical 
Nonlinearities 
at Different 
Full-Scale 
Frequencies 


TWO-WIRE 
TEMPERATURE· 
TO.FREQUENCY 
CONVERSION 
Figure 8 shows the AD654 in a two-wire temperature-to-frequency 
conversion scheme. The twisted pair transmission 
line serves the 


dual purpose of supplying power to the device and also carrying 
frequency data in the form of current modulation. 


Figure 
8. 
Two-Wire 
Temperature-to-Frequency 
Converter 


The positive supply line is fed to the remote V/F through a 
l40n 
resistor. This resistor is selected such that the quiescent 


current of the AD654 will cause less than one VBE to be dropped. 
As the VIF oscillates, additional switched current is drawn 
through Rl. when pin I goes low. The peak level of this additional 
current causes QI to saturate, and thus regenerates the AD654's 
output square wave at the collector. The supply voltage to the 
AD654 then consists of a DC level, less the resistive line drop, 
plus a one VBE Pop square wave at the output frequency of 
the AD654. This ripple is reduced by the diode/capacitor 
combination. 


To set up the receiver circuit for a given voltage, the Rs and Rl. 
resistances are selected as shown in Table I. CMOS logic stages 


+VS 
Ks 
RL 


10V 
2700 
1.8k 
ISV 
6800 
2.7k 
Tsblel. 


(+ Vs) 
RI 
K2 
R3 
R4 
R5 


10V 
lOOk 
127k 
F = 10HzlK 
ISV 
lOOk 
127k 


10V 
6.49k 
4.02k 
Ik 
9S.3k 
22.6k 
F = 10HzI"C 
ISV 
12.7k 
4.02k 
lk 
78.7k 
36.Sk 


10V 
6.49k 
4.42k 
lk 
IS4k 
22.6k 
F = S.SSHzI"F 
ISV 
12.7k 
4.42k 
lk 
IOSk 
36.Sk 
Tsble/l. 


At the VIF end, the ADS92C temperature 
transducer is interfaced 
with the AD6S4 in such a manner that the AD6S4 output frequency 
is proportional 
to temperature. 
The output frequency can be 
scaled and offset from K to °C or OFusing the resistor values 
shown in Table II. Since temperature 
is the parameter of interest, 
an NPO ceramic capacitor is used as the timing capacitor for 
low VIF TC. 


When scaling per K, resistors Rl - R3 and the ADS89 voltage 
reference are not used. The AD592 produces a IILAIK current 
output which drives pin 3 of the AD6S4. With the timing capacitor 
of O.OIILFthis produces an output frequency scaled to IOHzlK. 
When scaling per °C and OF, the ADS89 and resistors Rl - R3 
offset the drive current at pin 3 by 273.21J.Afor scaling per °C 
and 25S.421LAfor scaling per OF. This will result in frequencies 
scaled at IOHzI"C and S.SSHzI"F, respectively. 


OPTOISOLATOR 
COUPLING 
A popular method of isolated signal coupling is via optoelectronic 
isolators, or optocouplers. 
In this type of device, the signal is 
coupled from an input LED to an output photo-transistor, 
with 
light as the connecting medium. This technique allows DC to 
be transmitted, 
is extremely useful in overcoming ground loop 
problems between equipment, 
and is applicable over a wide 
range of speeds and power. 


Figure 9 shows a general purpose isolated VIF circuit using a 
low cost 4N37 optoisolator. 
A + SV power supply is assumed 
for both the isolated ( + SV isolated) and local ( + SV local) supplies. 
The input LED of the isolator is driven from the collector output 
of the AD6S4, with a 9mA current level established by RI for 
high speed, as well as for a 100% current transfer ratio. 
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Optoisolator 
Interface 


At the receiver side, the output transistor is operated in the 
photo-transistor 
mode; that is with the base lead (pin 6) open. 
This allows the highest possible output current. 
For reasonable 
speed in this mode, it is imperative that the load impedance be 
as low as possible. This is provided by the single transistor stage 
current-to-voltage 
converter, which has a dynamic load impedance 
of less than 10 ohms and interfaces with TIL 
at the output. 


USING A STAND-ALONE 
FREQUENCY COUNTERILED 
DISPLAY DRIVER FOR VOLTMETER 
APPLICATIONS 
Figure 10 shows the AD654 used with a stand-alone frequency 
counter/LED 
display driver. With CT = lOOOpFand RT = 
Ikfi the AD654 produces an FS frequency of 100kHz when VIN 
= + IV. This signal is fed into the ICM7226A, a universal 
counter system that drives common anode LED's. 
With the 
FUNCTION 
pin tied to 01 through a 10kfi resistor the ICM7226A 
counts the frequency of the signal at AIN• This count period is 
selected by the user and can be IOms, lOOms, Is, or 10 seconds, 
as shown on pin 21. The longer the period selected, the more 
resolution the count will have. The ICM7226A then displays the 
frequency on the LED's, 
driving them directly as shown. Re- 
freshing of the LED's is handled automatically by the ICM7226. 
The entire circuit operates on a single + 5V supply and gives a 
meter with 3, 4, or 5 digit resolution. 


Figure 
10. AD654 
With Stand-A/one 
Frequency 
Counter/LED 
Disp/ay 
Driver 


Longer count periods not only result in the count having more 
resolution, they also serve as an integration of noisy analog 
signals. For example, a normal-mode 60Hz sine wave riding on 
the input of the AD654 will result in the output frequency 
increasing on the positive half of the sine wave and decreasing 
on the negative half of the sine wave. This effect is cancelled by 
selecting a count period equal to an integral number of noise 
signal periods. A lOOms count period is effective because it not 
only has an integral number of 60Hz cycles (6), it also has an 


integral number of 50Hz cycles (5). This is also true of the I 
second and 10 second count period. 


AD654-BASED ANALOG· TO-DIGITAL 
CONVERSION 
USING A SINGLE CIDP MICROCOMPUTER 
The AD654 can serve as an analog-to-digital 
converter when 
used with a single component microcomputer 
that has an interval 
timer/event counter such as the 8048. Figure II shows the AD654, 
with a full scale input voltage of + IV and a full scale output 
frequency of 100kHz, connected to the timer/counter 
input pin 
TI of the 8048. Such a system can also operate on a single + 5V 
supply. 


The 8748 counter is negative edge triggered; after the STRT 
CNT instruction is executed subsequent 
high to low transitions 
• 
on TI increment the counter. The maximum rate at which the 
counter may be incremented 
is once per three instruction 
cycles; 
using a 6MHz crystal, this corresponds to once every 7.5j.l.S,or 
a maximum frequency of 133kHz. Because the counter overflows 
every 256 counts (8 bits), the timer interrupt 
is enabled. Each 
overflow then causes a jump to a subroutine 
where a register is 
incremented. 
After the STOP TCNT instruction 
is executed, 
the number of overflows that have occurred will be the number 
in this register. The number in this register multiplied by 256 
plus the number in the counter will be the total number of 
negative edges counted during the count period. The count 
period is handled simply by decrementing 
a register the number 
of times necessary to correspond 
to the desired count time. 
After the register has been decremented 
the required number of 
times, the STOP TCNT instruction 
is executed. 
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Figure 
11. AD654 
VFC as an ADC 


The total number of negative edges counted during the count 
period is proportional 
to the input voltage. For example, if a IV 
full-scale input voltage produces a 100kHz signal and the count 
period is lOOms, then the total count will be 10,000. Scaling 
from this maximum is then used to determine 
the input voltage, 
i.e., a count of 5000 corresponds to an input voltage of O.SV. 
As with the ICM7226, longer count times result in counts having 
more resolution; and they result in the integration of noisy 
analog signals. 


FREQUENCY 
DOUBLING 
Since the AD654's output is a square-wave rather than a pulse 
train, information 
about the input signal is carried on both 
halves of the output waveform. The circuit in Figure 12 converts 
the output into a pulse train, effectively doubling the output 
frequency, while preserving the better low frequency linearity of 
the AD654. This circuit also accommodates an input voltage 
that is greater than the AD654 supply voltage. 
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Figure 12. Frequency Doubler 


Resistors RI - R3 are used to scale the 0 to + IOV input voltage 
down to 0 to + IV as seen at pin 4 of the AD654. Recall that 
VIN must be less than VSUPPL V - 4V, or in this case less than 
1V. The timing resistor and capacitor are selected such that this 
o to + 1V signal seen at pin 4 results in a 0 to 200kHz output 
frequency. 


The use of R4, CI and the XOR gate doubles this 200kHz 
output frequency to 400kHz. The AD654 output transistor is 
basically used as a switch, switching capacitor CI between a 
charging mode and a discharging mode of operation. The voltages 
seen at the input of the 74LS86 are shown in the waveform 
diagram. Due to the difference in the charge and discharge time 
constants, the output pulse widths of the 74LS86 are not equal. 
The output pulse is wider when the capacitor is charging due to 
its longer rise time than fall time. The pulses should therefore 
be counted on their rising, rather than falling, edges. 


OPERATION 
AT HIGHER 
OUTPUT 
FREQUENCIES 
Operation of the AD654 via the conventional output (pins I 
and 2) is speed limited to approximately 
500kHz for reasons of 


TTL logic compatibility. 
Although the output stage may become 
speed limited, the multivibrator 
core itself is able to oscillate to 
IMHz or more. The designer may take advantage of this feature 
in order to operate the device at frequencies in excess of 
500kHz. 


Figure 13 illustrates this with a circuit offering 2MHz full scale. 
In this circuit the AD654 is operated at a full scale (FS) of 
ImA, with a Cr of IoopF. This achieves a basic device FS 
frequency of IMHz across Cr. The P channel JFETs, 
QI and 
Q2, buffer the differential timing capacitor waveforms to a low 
impedance level where the push-pull signal is then AC coupled 
to the high speed comparator A2. Hysteresis is used, via R7, for 
non-ambiguous 
switching and to eliminate the oscillations which 
would otherwise occur at low frequencies. 


The net result of this is a very high-speed circuit which does 
not compromise the AD654 dynamic range. This is a result of 
the FET buffers typically having only a few pA of bias current. 
The high end dynamic range is limited, however, by parasitic 
package and layout capacitances in shunt with Cr, as well as 
those from each node to AC ground. Minimizing the lead length 
between A2-6/A2-7 
and QIIQ2 in PC layout will help. A ground 
plane will also help stability. Figure 14 shows the waveforms VI 
- V4 found at the respective points shown in Figure 13. 


The output of the comparator 
is a complementary 
square wave 
at IMHz FS. Unlike pulse train output VIF converters, each 
half-cycle of the AD654 output conveys information about the 
input. Thus it is possible to count edges, rather than full cycles 
of the output, 
and double the effective output frequency. The 
XOR gate following A2 acts as an edge detector producing a 
short pulse for each input state transition. This effectively doubles 
the VIF FS frequency to 2MHz. The fmal result is a IV full 
scale input VIF with a 2MHz full-scale output capability; typical 
nonlinearity is 0.5%. 
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FEATURES 
High Unearity 
±0.01% 
max at 10kHz FS 
±0.05% 
max at 100kHz FS 
±0.2% max at 500kHz FS 
Output TILICMOS 
Compatible 
V/F or FN Conversion 
6 Decade Dynamic Range 
Voltage or Current Input 
Reliable Monolithic Construction 
MIL-STD-883 Compliant Versions Available 


PRODUCT 
DESCRIPTION 
The industry standard ADVFC32 is a low cost monolithic voltage- 
to-frequency (VIF) converter or frequency-to-voltage 
(FN) 
converter with good linearity (0.01% max error at 10kHz) and 
operating frequency up to 0.5MHz. In the V/F configuration, 
positive or negative input voltages or currents can be converted 
to a proportional frequency using only a few external components. 
For FN conversion, the same components are used with a simple 
biasing network to accommodate a wide range of input logic 
levels. 


TTL or CMOS compatibility is achieved in the VlF operating 
mode using an open collector frequency output. The pullup 
resistor can be connected to voltages up to 30 volts, or to + 15V 
or + 5V for conventional CMOS or TTL logic levels. This 
resistor should be chosen to limit current through the open 
collector output to 8mA. A larger resistance can be used if 
driving a high impedance load. 


Input offset drift is only 3ppm of full scale per DC,and 
full scale calibration drift is held to a maximum of lOOppmrC 
(ADVFC32BH) 
due to a low T.C. zener diode. 


The ADVFC32 is available in commercial, industrial, and extended 
temperature 
grades. The commercial grade is packaged in a 14- 


pin plastic DIP while the two wider temperature 
range parts are 


packaged in hermetically sealed TO-IOO cans. 


PRODUCT 
HIGHLIGHTS 
I. The ADVFC32 uses a charge balancing circuit technique (see 


Functional Block Diagram) which is well suited to high 
accuracy voltage-to-frequency 
conversion. The full-scale 
operating frequency is determined 
by only one precision 
resistor and capacitor. The tolerance of other support compo- 
nents (including the integration capacitor) is not critical. 
Inexpensive ± 20% resistors and capacitors can be used without 
affecting linearity or temperature 
drift. 


Voltage-to-Frequencyand 
Frequency- to- Voltage Converter 


ADVFC32 
I 


PIN CONFIGURATION 
(TOP VIEW) 
• 


2. The ADVFC32 is easily configured to satisfy a wide range of 
system requirements. 
Input voltage scaling is set by selecting 
the input resistor which sets the input current to 0.25mA at 
the maximum input voltage. 


3. The same components used for V/F conversion can also be 
used for FN conversion by adding a simple logic biasing 
network and reconfiguring the ADVFC32. 


4. The ADVFC32 is intended as a pin-for-pin replacement 
for 
VFC32 devices from other manufacturers. 


5. The ADVFC32 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products 
Databook or current ADVFC32/883B data sheet for detailed 
specifications. 


.. 
.. 


DYNAMIC 
PERFORMANCE 
Full Scale Frequency Range 
0 
500 
0 
500 
0 
500 
kHz 


Nonlinearityl 


fma:- = 10kHz 
-0.01 
~0.01 
-0.01 
+0.01 
-0.01 
+0.01 
% 


f~. 
= 100kHz 
-0.05 
+0.05 
-0.05 
+0.05 
-0.05 
+0.05 
% 
fm•• = 0.5MHz 
-0.20 
otO.05 
+0.20 
- 0.20 
~0.05 
+0.20 
-0.20 
~0.05 
+0.20 
% 


Full Scale Calibration 
Error 


(Adjustable 
to Zero) 
~5 
~5 
~5 
% 
vs. Supply 


(Full Scale Frequency 
= 100kHz) 
-0.015 
+0.015 
-0.015 
+0.015 
-0.015 
+0.015 
%ofFSRi% 


vs. Temperature 


(Full Scale Frequency 
= 10kHz) 
~75 
-100 
+ 100 
+150 
+150 
ppmf'C 


DYNAMIC 
RESPONSE 
Maximum Scnling Time for Full Scale 


Step Input 
1Pulse of New Frequency Plus IJL$ 
1Pulse of New Frequency Plus 
IJ.LS 
I Pulse of New Frequency Plus IjJ.s 
Overload Recovery Time 
I Pulse of New Frequency Plus IJLs 
I Pulse of New Frequency 
Plus IjJ.s 
1 Pulse of New Frequency 
Plus 
IJ.LS 
, 


ANALOG 
INPUT 
AMPLIFIER 


(V IF Conversion) 


Current Input Range 
0 
+0.25 
0 
+0.25 
0 
+0.25 
mA 
Voltage Input Range 
0 
-10 
0 
-10 
0 
-10 
V' 


0.25 
0.25 
0.25 
mA 


x RTN • 
X R1N • 
X RIN. 


Differential Impedance 
looklllllOpF 
2MlIliIOpF 
looklllllOpF 
2MlIIII0pF 
looklllllOpF 
2MlIliIOpF 


Common-Mode 
Impedance 
looMlIlIlpF 
750MlIIIlpF 
looMlIlllpF 
750MlIliIOpF 
looMlIlllpF 
750MlIliIOpF 
Input Bias Current 
Noninverting 
Input 
40 
250 
40 
250 
40 
250 
nA 


Inverting Input 
-100 
~S 
+100 
-100 
~S 
+100 
-100 
~S 
+100 
nA 


Input Offset Voltage 


(Trimmable 
to Zero)2.3 
4 
4 
4 
mV 


vs. Temperature (T min to T malt) 
lO 
lO 
30 
"vrc 
Safe Input Voltage 
:tVs 
:tVs 
:tVs 


COMPARATOR 
(FN Conversion) 


Logic "0" Level 
-Vs 
-0.6 
-Vs 
-0.6 
-Vs 
-0.6 
V 
Logic" I" Level 
+1 
+Vs 
c 1 
+Vs 
+1 
+Vs 
V 
Pulse Width Range" 
0.1 
O.lS/fnuox 
0.1 
0.15/fmn 
0.1 
O.lS/frlUlx 
'" 
Input Impedance 
50kllillOpF 
250kn 
50kllillOpF 
250kll 
50kllilIOpF 
250kll 


OPEN COLLECTOR 
OUTPUT 


(V/FConversion) 


Output Voltage in Logic "0" 
ISINK = 8mA 
0.4 
0.4 
0.4 
V 


Output Leakage Current in Logic "I" 
I 
I 
I 
"A 


Voltage Range 
0 
+lO 
0 
+lO 
0 
+lO 
V 


Fall Times (Load = 500pFand 
ISINK = SmA) 
400 
400 
400 
.s 


AMPLIFIER 
OUTPUT 
(FN Conversion) 


Voltage Range (OmA:s;Io:s;7mA) 
0 
+10 
0 
+10 
0 
+10 
V 
Source Current (O:s;Vo:s;7V) 
10 
IO 
10 
mA 


Capacitive Load (Without Oscillation) 
100 
100 
100 
pF 


Closed LoopOmput 
Impedance 
I 
I 
I 
1I 


POWER 
SUPPLY 


Rated Voltage 
~ 15 
~ 15 
ot 15 
V 
Voltage Range 
ot9 
ot IS 
",9 
ot IS 
ot9 
ot IS 
V 


Quiescent Current 
6 
S 
6 
S 
6 
S 
mA 


TEMPERATURE 
RANGE 


Specified Range 
0 
+ 70 
-25 
+S5 
-55 
+ 125 
"C 


Operating Range 
- 25 
+S5 
- 55 
+ 125 
-55 
+ 125 
°C 


Storage 
-25 
+S5 
-65 
+ 150 
-65 
+ 150 
°C 


PACKAGE 
OPTIONS'" 


Plastic D1P(N·14) 
ADVFCl2KN 


TO-loo(H-IOA) 
ADVFCl2BH 
ADVFCl2SH 


NOTES 
INonlinearity isdefined asdeviation froma straight line from zero 
to full scale, expressed asa percentage offull scale. 
lSee Figure 3. 


3SeeFigure I. 
"fmu expressed in units of MHz. 
5N = Plastic DIPj H = Hermetic Metal Can. For outline information see Package Information section. 
6ForADVFC32/883B specifications. referto Analog Devices Military Products Databook. 
Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at fmal electri- 
cal tCSt.Results from those tests areused to calculate outgoing quality levels. All 
miD and max specifications are guaranteed, although only those shown in 
boldface aretested on allproduction units. 


Applying the ADVFC32 


Gain Tempco 
Temp Range 
Modell 
ppml"C 
·C 
Package 


ADVFC32KN 
±75typ 
Oto +70 
I4-Pin 
Plastic DIP 
ADVFC32BH 
±IOOmax 
-25 to +85 
TO-I 00 
ADVFC32SH 
± 150max 
- 55to + 125 
TO-IOO 


NOTE 
IFor details on grade and package 
offerings 
screened 
in accordance 
with 
MIL-STD-883, 
refer to the Analog Devices Miliwy 
Products Databook or 


current ADVFC321883B data sheet. 


UNIPOLAR 
V/F, 
POSITIVE 
INPUT 
VOLTAGE 
When operated as a V/F converter, 
the transformation 
from 


voltage to frequency is based on a comparison of input signal 
magnitude 
to the ImA internal current source. 


A more complete understanding 
of the ADVFC32 requires a 


close examination of the internal circuitry of this part. Consider 
the operation of the ADVFC32 when connected as shown in 
Figure I. At the start of a cycle, a current proportional 
to the 


C2 


Figure 
1. Connection 
Diagram 
for VIF Conversion, 


Positive 
Input 
Voltage 


input voltage flows through R3 and RI to charge integration 
capacitor C2. As charge builds up on C2, the output voltage of 
the input amplifier decreases. When the amplifier output voltage 
(pin 13) crosses ground (see Figure 2 at time tl), the comparator 
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triggers a one shot whose time period is determined 
by capacitor 
• 


Cl. Specifically, the one shot time period (in nanoseconds) is: 


los '" (C1 + 44pF) 
x 6.7kO 


During this period, a current of (ImA 
- !IN) flows out of the 
integration capacitor. The total amount of charge depleted during 
on~ cycle is, therefore (ImA - !IN) X tos' This charge is replaced 
during the remainder of the cycle to return the integrator to its 
original voltage. Since the charge taken out of C2 is equal to the 
charge that is put on C2 every cycle, 


(ImA 
-!IN) 
x tos = !IN X 
( -F I -los) 


OUT 


or) rearranging 
terms) 


IIN 


FOUT 
= ImA x los 


The complete transfer equation can now be derived by substituting 
IIN = V1NIR1Nand the equation relating CI and tos. The final 
equation describing ADVFC32 operation is: 


V1NIR1N 


FOUT 
= ImA 
X (C1 + 44pF) 
x 6.7kO 


Components 
should be selected to optimize performance over 
the desired input voltage and output frequency range using the 
equations listed below: 


C 
1 
3.7 
X 107pF/sec 
-44pF 
FOUT FS 


C2 = 10-; Farads/see (I000pF minimum) 


OUT 
FS 
V1NFS 
R1N = 
0.2SmA 


+VLOG1C 
R2:;" -smA" 


Both R1Nand C1 should have very low temperature 
coefficients 
as changes in their values will result in a proportionate 
change 
in the V/F transfer function. Other component 
values and tem- 
perature coefficients are not critical. 


VINFS 
FOt.rrFS 
C. 
R1N 
C2 


IV 
10kHz 
3650pF 
4.0kU 
O.OII'-F 
10V 
10kHz 
3650pF 
4OkO 
O.OII'-F 
IV 
100kHz 
330pF 
4.0k!l 
10000F 
10V 
100kHz 
330pF 
4OkO 
!OOOpF 


Input resistance R1N is composed of a fixed resistor (RI) and a 
variable resistor (R3) to allow for initial gain error compensation. 
To cover all possible situations, R3 should be.20% of R1N, and 
RI should be 90% of RIN• This allows a ± 10% gain adjustment 
to compensate for the ADVFC32 full-scale error and the tolerance 
of Cl. 


If more accurate initial offset is required, the circuit of R4 and 
RS can be added. RS can have a value between IOkfi and lOOkfi, 
and R4 should be approximately 
10Mfi. The amount of current 
required to trim zero offset will be relatively small, so the tem- 
perature coefficients of these resistors are not critical. If large 
offsets are added using this circuit, temperature 
drift of both of 
these resistors is much more important. 


BIPOLAR 
V/F 
By adding another resistor from pin I (pin 2 of TO-I 00 can) to 
a stable positive voltage, the ADVFC32 can be operated with a 
bipolar input voltage. For example, an 80kfi resistor to + 10V 
causes an additional current of 0.12SmA to flow into the integrator 
so that the net current flow to the integrator is positive even for 
negative input voltages. At negative full scale input voltage, 
0.12SmA will flow into the integrator from V1N cancelling out 
the 0.12SmA from the offset resistor, resulting in an output 
frequency of zero. At positive full scale, the sum of the two 
currents will be 0.2SmA and the output will be at its maximum 
frequency. 


UNIPOLAR 
V/F, 
NEGATIVE 
INPUT 
VOLTAGE 
Figure 3 shows the connection diagram for V/F conversion of 
negative input voltages. In this configuration full scale output 
frequency occurs at negative full scale input, and zero output 
frequency corresponds to zero input voltage. 


Figure 3. 
Connection 
Diagram 
for 
V/F 
Conversion, 
Negative 
Input 
Voltage 


A very high impedance signal source may be used since it only 
drive the non inverting integrator input. Typical input impedance 
at this terminal is 2S0Mfi or higher. For V/F conversion of 
positive input signals the signal generator must be able to source 
0.2SmA to properly drive the ADVFC32, 
but for negative V/F 
conversion the 0.2SmA integration current is drawn from ground 
through RI and R3. 


Circuit 
operation 
for negative 
input 
voltages 
is very similar to 
positive input unipolar conversion described in the previous 
section. For best operating results use component equations 
listed in that section. 


FIV CONVERSION 
Although the mathematics of FIV conversion can be very complex, 
the basic principle is easy to understand. 
Figure 4 shows the 
connection diagram for FIV conversion with TTL input logic 
levels. Each time the input signal crosses the comparator threshold 
going negative, the one shot is activated and switches ImA into 
the integrator input for a measured time period (determined 
by 
CI). As the frequency increases, the amount of charge injected 
into the integration capacitor increases proportionately. 
The 
voltage across the integration capacitor is stabilized when the 
leakage current through RI and R3 equals the average current 
being switched into the integrator. 
The net result of these two 
effects is an average output voltage which is proportional 
to the 
input frequency. Optimum performance can be obtained by 
selecting components using the same guidelines and equations 
listed in the V/F conversion section. 
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Figure 4. 
Connection 
Diagram 
for FN 
Conversion, 
TTL 
Input 


DECOUPLING 
Decoupling power supplies at the device is good practice in any 
system, but absolutely imperative in high resolution applications. 
For the ADVFC32, 
it is important 
to remember where the 
voltage transients and ground currents flow. For example, the 
current drawn through the output pulldown transistor originates 
from the logic supply, and is directed to ground through pin II 
(pin 8 ofTO-IOO). Therefore, the logic supply should be decoupled 
near the ADVFC32 to provide a low impedance return path for 
switching transients. 
Also, if there is a separate digital ground it 
should be connected to the analog ground at the ADVFC32. 
This will prevent ground offsets that could be created by directing 
the full 8mA output current into the analog ground, and sub- 
sequently back to the logic supply. 


Although some circuits may operate satisfactorily with the power 
supplies decoupled at only one location on each board, this 
practice is not recommended 
for the ADVFC32. For best results, 
each supply should be decoupled with 0.1 fLFcapacitor at the 
ADVFC32. In addition, a larger board level decoupling capacitor 
of IfLF to 10fLFshould be located relatively close to the ADVFC32 
on each power supply. 


COMPONENT 
TEMPERATURE 
COEFFICIENTS 
The drift specifications of the ADVFC32 do not include tem- 
perature effects of any of the supporting resistors or capacitors. 
The drift of the input resistors RI and R3 and the timing capacitor 
C, directly affect the overall temperature 
stability. In the appli- 
cation of Figure 2, a 10ppm/°C input resistor used with a 


looppmf'C 
capacitor may result in a maximum overall circuit 
gain drift of: 


looppmf'C 
(ADVFC32BH) 
+ looppmf'C 
(CI) 
+ IOppm/°C (R1N) = 2lOppmf'C 


Although RIN and C1 have the most pronounced effect on tem- 
perature stability, the offset circuit of resistors R4 and R5 may 
also have a slight effect on the offset temperature 
drift of the 
circuit. The offset will change with variations in the resistance 
of R4 and supply voltage changes. In most applications the 
offset adjustment is very small, and the offset drift attributable 
to this circuit will be negligible. In the bipolar mode, however, 
both the positive reference and the resistor used to offset the 
signal range will have a pronounced effect on offset drift. A 
high quality reference and resistor should be used to minimize 
offset drift errors. 


Other circuit components do nOl directly influence temperature 
performance as long as their actual values are not so different 
from nominal value as to preclude operation. This includes 
integration capacitor C2. A change in the capacitance value of 
C2 results in a different rate of voltage change across C2, but 
this is compensated by an equal effect when C2 is discharged by 
Ihe switched ImA current source so that no net effect occurs. 


The temperature 
effects of the components described above are 
the same when the ADVFC32 is configured for negative or 
bipolar input ranges, or FN conversion. 


OTHER 
CIRCUIT 
CONSIDERATIONS 
The input al)1plifier connected 10pins I, 13, and 14 is not a 
standard operational amplifier. Although it operates like an op 
amp in most applications, two key differences should be noted. 
First, the bias current of Ihe positive input is typically 40nA 


while the bias current of the inverting input is ± 8uA. Therefore, 
any attempt to cancel input offset voltage due to bias currents 
by matching input resistors will create worse offsets. Second, 
the output of this amplifier will sink only ImA, even though it 
will source as much as IOmA. When used in the FN mode, the 
amplifier must be buffered if large sink currents are required. 


MICROPROCESSOR 
OPERATED 
AID CONVERTER 
With the addition of a few external components the ADVFC32 
can be used as a ± IOV AID microprocessor front end. Although 
the nonlinearity of the ADVFC32 is only 0.05% maximum 
(0.01% typ), the resolution is much higher, allowing it to be 
used in 16-bit measurement and control systems where a monotonic 
transfer function is essential. The resolution of the circuit shown 
3 


in Figure 5 is dependent on the amount of time allowed to 
count the ADVFC32 frequency output. Using a full scale frequency 
of 100kHz, an 8-bit conversion can be made in about 10ms, and 
a 2 second time period allows a 16-bit measurement, 
including 
offset and gain calibration cycles. 


As shown in Figure 5, the input signal is selected via the AD7590 
input multiplexer. Positive and negative references as well as a 
ground input are provided to calibrate the AID. This is very 
important in systems subject to moderate or extreme temperature 
changes since the gain temperature coefficient of the ADVFC32 
is as high as ± 150ppmf'C. By using the calibration cycles, the 
AID conversion will be as accurate as the references provided. 
The AD542 following the input multiplexer provides a high 
impedance input (1012 ohms) and buffers the switch resistance 
from the relatively low impedance ADVFC32 input. 


If higher linearity is required, the ADVFC32 can be operated at 
10kHz, but this will require a proportionately 
longer conversion 
time. Conversely, the conversion time can be decreased at the 
expense of nonlinearity by increasing the maximum frequency 
to as high as 500kHz. 


Figure 
5. High 
Resolution, 
Self-Calibrating, 
Microprocessor 
Operated 
AID Converter 


LINK 
In many applications, 
a signal must be sensed at a remote site 
and sent through a very noisy environment 
to a central location 
for further processing. In these cases, even a shielded cable may 
not protect the signal from noise pickup. The circuit of Figure 
6 provides a solution in these cases. Due to the optocoupler and 
voltage-to-frequency 
conversion, this data link is extremely 
insensitive to noise and common mode voltage interference. 
For 
even more protection, 
an optical fiber link substituted 
for the 
HCPL2630 wi:l provide common mode rejection of more than 
several hundred kilovolts and virtually total immunity to electrical 
noise. For most applications, 
however, the frequency modulated 
signal has sufficient noise immunity without using an optical 
fiber link, and the optocoupler provides common mode isolation 
up to 3000V dc. 


The data link input voltage is changed in a frequency modulated 
signal by the first ADVFC32. 
A 42.2kO input resistor and a 
lookO offset resistor set the scaling so that a OVinput signal 
corresponds 
to 50kHz, and a 10V input results in the maximum 
output frequency of 500kHz. A high frequency optocoupler is 
then used to transmit the signal across any common mode voltage 
potentials to the receiving ADVFC32. The optocoupler is not 
necessary in systems where common mode noise is either very 
small or a constant low level dc voltage. In systems where common 
mode voltage may present a problem, the connection between 
the two l()cations should be through the optocoupler; 
no power 
or ground connections need to be made. 


The output of the optocoupler drives an ADVFC32 hooked up 
in the FN configuration. 
Since the reconstructed 
signal at pin 
10 has a considerable amount of carrier feedthrough, it is desirable 
to filter out any frequencies in the carrier range of 50kHz to 
500kHz. The frequency response of the FIV converter is only 
3kHz due to the pole made by the integrator, so a second 3kHz 


.•..•..••.••..•nu 
•..• n .•.•..•••.6 •.•...•.•.•..... 
g..u.uJ 
LUlU!,. UU; UdUUWJUUl. Willi 
me: :)lmple 
one pole filter shown in Figure 6, the input to output 3dB point 
is approximately 
2kHz, and the output noise is less than 15mV. 


If a lower output impedance drive is needed, a two pole active 
filter is recommended 
as an output stage. 


Although the FIV conversion technique used in this circuit is 
quite simple, it is also very limited in terms of its frequency 
response and output ripple. The frequency response is limited 
by the integrator time constant and while it is possible to decrease 
that time constant, 
either signal range or output ripple must be 
sacrificed. The performance 
of the circuit of Figure 6 is shown 
in the photograph 
below. The top trace is the input signal, the 
middle trace is the frequency-modulated 
signal at the optocoupler's 
output, and the bottom trace is the recovered signal at the output 
of the FN converter. 
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Acquisition 
Aperture 
Aperture 
Droop 
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Jitter 
Rate 
Accuracy 
,.s 
ns 
ns 
,.V/,.s 
Package 
Temp 
Model 
% 
max 
typ 
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max 
Options' 
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Page 
Comments 


AD1154 
0.00076 
5.0 
80 
0.15 
0.1 
13 
C, I 
C II 4-69 
Low Cost 16-Bit Accurate, 
High Speed Amplifier 
AD386 
0.00076 
4.1 
12 
0.04 
0.1 
1 
C,M 
C II 4-11 
High Resolution, 
High Speed Track-and-Hold 
Amplifier 
AD389 
0.003 
2.5 
30 
0.4 
0.1 
1 
C, I 
C II 4-25 
High Resolution 
Track-and-Hold 
Amplifier 
*AD91oo 
0.01 
0.023 
0.8 
<0.001 
6000 
1, 14 
C,I,M 
C II 4-75 
Ultrahigh Speed Monolithic 
TIH, Low Distortion 
*AD783 
0.01 
0.25 
15 
0.01 
1 
2,3 
C,I,M 
C II 4-65 
Complete 250 ns Sample-and-Hold 
Amplifier 
*AD781 
0.01 
0.7 
25 
0.05 
1 
2,3 
C,I,M 
C II 4-57 
Complete 700 ns Sample-and-Hold 
Amplifier 
*AD682 
0.01 
0.7 
25 
0.05 
1 
2,3 
C,I,M 
C II 4-41 
Two-Channel 
700 ns Sample-and-Hold 
Amplifier 
AD684 
0.01 
1.0 
20 
0.1 
1 
3 
C,I,M 
C II 4-49 
Quad, Monolithic 
1 ,.s SHA 
AD346 
0.01 
2.0 
60 
0.4 
0.5 
1 
C,M 
C II 4-7 
High Speed Sample-and-Hold, 
Industry Standard 
AD585 
0.01 
3.0 
35 
0.5 
1 
3,4,5 
C, I,M 
C II 4-35 
High Speed, Precision, 
On-Board Hold Cap 
SMP-I0 
0.01 
3.5 
50 
1 
0.02 
3 
C,M 
C II 4-109 
Low Droop Rate, High SamplelHold 
Current Ratio 
SMP-11 
0.01 
3.5 
50 
1 
0.2 
2,3 
C,I,M 
C II 4-109 
Low Droop Rate, Fast Hold Mode Settling Time 
*SMP-18 
0.01 
3.5 
0.04 
2,3,6 
I 
C II 4-119 
Fast SMP-08 
AD583 
0.01 
5.0 
50 
1 
C 
C II 4-33 
5 fJosSHA 
SMP-04 
0.01 
7.0 
0.025 
2,3,6 
I,M 
C II 4-87 
CMOS, Quad Samp1e-and-Hold 
Amplifier 


SMP-81 
0.045 
3.5 
50 
1 
2.0 
3 
I 
C II 12-4 
High Accuracy, Fast Acquisition for PCM Encodes 


AD582 
0.1 
6.0 
200 
15 
1,8 
C,M 
C II 4-29 
Low Cost, IS fJoS 
SMP-08 
0.1 
7.0 
0.02 
2,3,6 
I,M 
C II 4-101 
Octal, Sample-and-Hold 
with Multiplexed 
Input 


IPackage 
Options: 
1 = Hermetic 
DIP, Ceramic 
or Metal; 
2 :::::Plastic 
or Epoxy 
Sealed DIP; 3 = Cerdip; 
4 :::::Ceramic 
Leadless 
Chip 
Carrier; 
5 :::::Plastic 
Leaded 
Chip 
Carrier; 
6 = Small 
Outline 
"sole" 
Package; 
7 = Hermetic 
Metal 
Can; 
8 = Hermetic 
Metal 
Can DIP; 
9 = Ceramic 
Flatpack; 
10 = Plastic 
Quad 
Flatpack; 
11 = Single-In-Line 
"SIP" 
Package; 
12 = Ceramic 
Leaded 
Chip 
Carrier; 
13 = Nonhermetic 
Ceramic! 
Glass 
DIP; 
14 = J-Leaded 
Ceramic 
Package; 
15 ~ Ceramic 
Pin Grid 
Array; 
16 = TO-92. 


2TemperalUrc 
Ranges: 
C::::: Commercial, 
0 to +70°C; 
I::::: Industrial, 
-40°C 
to +8SoC 
(Some 
older 
products 
-25°C 
to +85°C); 
M::::: Military, 
-55°C 
to + 125°C. 


Boldface 
Type: 
Product 
recommended 
for new design. 
*New 
product 
since the publication 
of the most 
recent 
Databooks. 
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Sample-and-Hold 
Amplifiers 


A sample-and-hold 
amplifier (SHA) is a device that samples an 
analog input signal then holds the instantaneous value upon the 
command of a logic control signal. This device is basically an 
analog memory where a capacitor serves as the storage element. 
The most prevalent application is in data acquisition in which 
the SHA is used to capture the last instantaneous 
sampled ana- 
log input voltage prior to a conversion and hold this sample with 
minimal degradation during the conversion process. In signal 
processing applications using NO converters with a subranging 
or successive approximation 
architecture, 
a SHA is used with 
the NO converter to maximize the system's full potential band- 
width. Significant improvement 
in dynamic performance can be 
made by placing a fast SHA with low aperture jitter ahead of 
flash AiD converters. Other applications for a SHA include DIA 
deglitchers, simultaneous sampling systems, peak detectors, 
pulse stretchers, delay lines, and data distribution 
systems. 


Most SHAs and track-and-holds 
are identical in both function 
and circuit implementation. 
The only distinction between them 
is in how they are used in the system. A sample-and-hold 
(SHA) 
implies that the device samples a signal for a short time and re- 
mains in the hold mode for the remainder of the cycle. Con- 
versely, a track-and-hold 
will spend the majority of the time in 
the track mode and be switched into the hold mode for brief 
intervals. Some SHAs compromise their TRACK mode perfor- 
mance in order to improve their HOLD 
mode performance, 
and are not recommended 
for track-and-hold 
applications. At 
throughput 
rates greater than a 1 MHz, this distinction between 
the two defmitions becomes less obvious. 


SHA CIRCUITRY 
AND HARDWARE 
The four major functional blocks common to all SHAs are 
shown in Figure 1. They are the input amplifier, the energy 
storage device (hold capacitor), the output amplifier, and the 
switching circuits. The input amplifier serves as a buffer to the 
signal source, as well as providing current gain to charge the 
hold capacitor. The hold capacitor usually determines the fre- 
quency response of the SHA and retains the last sampled volt- 
age. The output buffer amplifier provides a high impedance to 
the hold capacitor to minimize the output voltage droop rate. 
The switching circuit and its driver form the mechanism by 
which the hold capacitor is alternately switched between the 
sample and the hold mode of operation. The actual analog 
switch may be a FET switch or a diode bridge. 


SWIT~H 
ANALOG 
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SHA design topologies fall into two categories: open- or closed- 
loop circuits. Closed-loop SHAs usually contain a high perfor- 
mance input amplifier, a switch, and an output buffer amplifier. 
The output buffer can be configured as either a voltage follower 
(i.e., AD583), or as an integrating amplifier (i.e., AD585) which 
decreases leakage currents by referencing the analog switch to 
ground. The closed-loop configuration exploits such advantages 
as gain flexibility, higher accuracy and higher linearity due to 
overall loop feedback. A tradeoff in accuracy versus speed (i.e., 
bandwidth, 
acquisition time, sen1ing time) exists due to overall 
loop dynamics in which the hold capacitor value helps determine 
the frequency response and acquisition time. A derivative of this 
closed-loop topology which is used in the AD680 and AD780 
series contains a unique "self correcting" architecture 
to improve 
the overall speed and accuracy by nu11ing out many of the errors 
accumulated in the sample mode. This particular architecture 
compromises the performance in the sample mode to achieve 
high performance in the hold mode. 


Conversely, open-loop circuits exploit the characteristics of high- 
speed unity gain buffer amplifiers and high speed diode bridges 
to achieve high speed specifications at the expense of overall ac- 
curacy (due to the lack of overall loop feedback). A derivative of 
this topology, used in the AD9100, integrates the high speed 
diode bridge, a major source of distortion, into the buffer ampli- 
fier. This configuration improves upon the overall distortion 
specifications and provides lO-bit performance at ultrahigh 
speeds. Another extension of this topology implemented 
in the 
SMP-lO and SMP-ll 
use a super-charger 
circuit to enhance the 
slew rate. The super-charger 
circuit supplements the capacitor 
charging current whenever the difference between the input and 
output levels exceeds a given threshold. 


PERFORMANCE 
The performance of a SHA is described by dynamic and static 
specifications pertaining to both the sample and the hold mode 
of operation as well as the transition states between these two 
modes. Figure 2 displays a complete cycle from the sample-to- 
hold mode and back with the various error sources exaggerated 
for tutorial purposes. These groups which defme the state of 
operation of the SHA can be described by both static and dy- 
namic specification. Table I provides an outline of the various 
dynamic and static specifications associated with the SHA's two 
modes and transition states. Since a SHA in the sample mode is 
simply a limited bandwidth amplifier, both the dynamic and 
static specifications listed in this mode are similar to those of 
any amplifier. The error sources in the hold mode are due to 


Sample Mode 
Sample-to-Hold 
Transition 
Hold Mode 
Sample-to- Track Transition 


STATIC 
STATIC 
STATIC 
Offset 
Pedestal (Sample-to-Hold 
Offset) 
Droop 
Nonlinearity 
Pedestal Nonlinearity 
Dielectric Absorption 


DYNAMIC 
DYNAMIC 
DYNAMIC 
DYNAMIC 
Settling Time 
Switch Aperture Time 
Feedthrough 
Acquisition Time 


Bandwidth 
Effective Aperture Delay Time 
Distortion + Noise 
Switching Transient 
Harmonic Distortion 
Aperture Jitter 
Slew Rate 
Switch Delay Time 
Switching Transient 


imperfections in the switch, the output amplifier, and the hold 
capacitor. Some SHAs specify ac distortion specifications in the 
hold mode, which provide a simple means of characterizing a 
particular SHA's performance in a sampled data system. 


The specifications of the sample-and-hold 
transition are particu- 
larly relevant in understanding 
the sources of nonlinearity and 
thus distortion, 
as well as in determining 
the precise time to 


strobe the device with respect to the input signal. The key spec- 
ification in the hold-to-sample transition is the acquisition time 
to a specified percent since this affects the overall achievable 
throughput 
rate of a particular sampled data system. Another 
important specification is the total output noise, which is the 
rms sum of the output noise of the output amplifier in the hold 
mode and the dc sampled uncertainty due to aperture jitter. 
This error source will lower the SIN of the system and thus de- 
grade overall system accuracy. The following definitions of spec- 
ifications represent a culmination and combination of the various 
error sources discussed. 
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DEFINITIONS 
Acquisition 
Time (tAQ) 
The minimum time for the output voltage to begin tracking the 
input voltage, to within a specified error band, after the begin- 
ning of the sample command. Included are switch-delay time, 
the slewing interval and settling time for a specified output- 
voltage change. 


Aperture 
(Delay) Time (tAP) 
The time required after the hold command for the switch to 
open fully. The sample is in effect delayed by this interval and 
the hold command would have to be advanced by this amount 
for precise timing. 


Aperture Jitter or Aperture 
Uncertainty 
The maximum amount of deviation in aperture time from sam- 
ple to sample, due to noise modulating the phase of the hold 
command. This deviation manifests itself as an aperture error 
which is proportional 
to the slew rate of the sampled analog in- 


put signal. 


Charge Transfer 
or Offset Step (QT) 
The charge transferred 
to the storage capacitor via stray capaci- 


tance when switching to the hold mode. The associated voltage 
error (Q.,.Ic) which contributes 
to pedestal may be reduced by 


using greater capacitance for storage, but this increases response 
time. 


II 


Droop Rate (dVeH/dt) 
The change of the output voltage during the hold mode as a re- 
sult of leakage or bias currents flowing through the storage ca- 
pacitor. Its polarity depends on the sources of leakage current or 
droop current (lDR) within a given device and its magnitude is 
equal to IDR/CH. 


Feedthrough 
(FA) 
The fraction of the input signal variation or ac input waveform 
that appears at the output in the hold mode. It is caused by 
stray capacitive coupling from the input to the storage capacitor, 
principally across the open switch. 


Full Power Bandwidth (Fp) 
The maximum frequency at which rated output voltage Ep can 
be supplied without significant distortion. 


Gain Error 
The voltage difference between input and output voltages mea- 
sured over a specified voltage range, assuming the ideal gain is 
unity. 


Hold Capacitor 
Charging Current 
(IeH) 
The current which charges, or discharges the hold capacitor CH 
while the circuit is in the sample mode. 


Hold Mode Distortion 
Signal-to-Noise Ratio Plus Distortion (SIN+D), 
Total Harmonic 
Distortion (THD), 
Intermodulation 
Distortion (IMD), and Spu- 
rious Free Dynamic Range (SF DR) are all specifications that 
measure a SHA's performance in the hold mode and its effect 
on system accuracy. 


Hold Mode or Sample-to-Hold 
Settling Time (tHM) 
The time for all output transients to settle within a specified 
error band. Measured from the inception of the hold command. 


Hold Step (VHS) 
Magnitude of step caused in the output voltage by switching the 
circuit from the sample mode to hold mode. 


Input Bias Current 
(lB) 
Input terminal current with input voltage held at zero volts. 


Input Resistance 
or Impedance 
(R1N) 
AC impedance measured as a ratio of input voltage VIN to input 
current. 


Leakage (Droop) Current 
(IDR) 
The current which flows out of the hold capacitor CH while the 
circuit is operating in the hold mode. In general, droop current 
is defined positive when its direction is into the CH pin. 


Linearity 
Error 
The maximum deviation from an ideal straight line drawn be- 
tween the output voltage when V1N = maximum analog voltage, 
expressed as a percentage of the maximum analog voltage. 


Output Resistance 
(Ro) 
An ac change in output voltage as a result of an ac change in 
load current. 


Sample Hold Current 
Ratio (lcHIIDR) 
The ratio of the peak charging current available to the droop 
current. 


Sample-to-Hold 
Offset or Pedestal 
A shift in level between the last value in the sample mode and 
the value to which the output settles in the hold output mode, 
is the residual step error after the charge transfer is accounted 
for and/or cancelled. Since it is unpredictable 
in magnitude 
and may be a function of the signal, it is also known as offset 
nonlinearity. 


Signal Transfer 
Nonlinearity 
The total input to output hold mode error caused by gain non- 
linearity, feedthrough, 
thermal transient, charge transfer and 
droop rate. These error terms cannot be corrected by offset and 
gain adjustments. 


Slew Rate (SR) 
The maximum possible rate of change of the output voltage 
when supplying the rated output. For a SHA, slew rate must be 
defined with a specified value of holding capacitor CH. 


Total Error 
The algebraic sum of the following factors: 


i. 
Zero-Scale Error 
ii. Gain Error 
iii. Hold Step Change versus dVcslH/dt 
iv. Hold Step Change versus V1N 


Voltage Gain (Av) 
The ratio of the output voltage to the input voltage with the cir- 
cuit operating in the sample mode. 


Zero-Scale 
Error (Vzs) 
The magnitude of the output voltage when the circuit is 
switched from sample mode to hold mode while holding the in- 
put at zero volts. Zero-Scale Error Vzs is the algebraic sum of 
the offset voltage and the charge transfer hold step voltage. Vzs 
can be adjusted to zero. 
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FEATURES 
Fast 2.0".s Acquisition Time to ± 0.01% 
Low Droop Rate: 0.5mV/ms 
Low Offset 
Low Glitch: <40mV 
Aperture Jitter: 400ps 
Extended Temperature Range: -55°C to +125°C 
Internal Hold Capacitor 
MIL-STD-883B Processing Available 


PRODUCT 
DESCRIPTION 
The AD346 is a high speed (2f.1.sto 0.01%), adjustment 
free 
sample-and-hold 
amplifier designed for high throughput 
rate 
data acquisition applications. 
The fast acquisition time (2f.1.sto 
0.01%) and low aperture 
jitter (400ps) make it suitable for use 
with fast AID converters to digitize signals up to 97kHz. 


The AD346 is complete with an internal hold capacitor and it 
incorporates a compensation network which minimizes the sample 
to hold charge offset. The AD346 is also laser trimmed to eliminate 
the need for external trimming potentiometers. 


Typical applications -forthe AD346 include sampled data systems, 
D/A deglitchers, 
peak hold functions, strobed measurement 
systems and simultaneous 
sampling converter systems. 


The device is available in two versions: the "J" specified for 
operation over the 0 to + 70°C commercial temperature 
range 
and the "S" specified over the extended temperature 
range, 


- 55°C to + 125°C. 


Model 


AD346JD 
AD346SD 
AD346SD/883B 


Temperature 
Range 


Oto + 70°C 
- 55°Cto + 125°C 
- 55°C to + 125°C 


Package 
Option· 


DH-14A 
DH-14A 
DH-14A 
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PRODUCT 
HIGHLIGHTS 
I. The AD346 is an improved second source for other sample 


and holds of the same pin configuration. 


2. The AD346 provides separate analog and digital grounds, 


thus improving the device's immunity to ground and switching 
transients. 


3. The droop rate is only 0.5mV/ms 
so that it may be used in 
slower high accuracy systems without the loss of accuracy. 


4. The fast acquisition time and low aperture make it suitable 
for very high speed data acquisition systems. 


-15V 


ANALOG INPUT 


SUMMING 
PT 


+15V 


N/C 


AD346 -SPECIFICATIONS 
(typical @ +25°C, Vs = ±15V unless otherwise noted) 


Model 
AD346JD 
AD346SD 
Units 


ANALOG INPUT 
Voltage Range 
± 10.0 
* 
Volts 
Input Impedance 
3.0 
* 
kO 


DIGITALINPUT 
"0" Input Threshold Voltage (Hold) 
+0.8max 
* 
Volts 
"1" Input Current 
2.0min 
* 
Volts 
"0" Input Current 
- 360l'oA(max) 
* 
I'oA 
"1" Input Current 
20I'oA(max) 
* 
I'oA 


TRANSFER 
CHARACTERISTICS 
Gain 
-1.0 
* 
VN 
Gain Error 
±0.02max(±0.01 
typ) 
* 
%FSR 
Gain Error, T min - T max 
±0.05 max(±0.03typ) 
* 
%FSR 
Offset Voltage 
±3max(± 
1typ) 
* 
mV 
Offset Voltage, T min - T max 
±20max(±6typ) 
* 
mV 
Pedestal 
±4max(±2typ) 
* 
mV 
Pedestal, T min - T max 
± 20max (± 8 typ) 
±20max(± 
10typ) 
mV 
Droop Rate 
0.5max(0.ltyp) 
* 
mV/ms 
Droop Rate, T min - T max 
60 max (20 typ) 
650max(200typ) 
mV/ms 


DYNAMIC CHARACTERISTICS 
Full Power Bandwidth 
VOUT= 
+ 10V, - 3dB 
1.4 
* 
MHz 
Output Slew Rate 
50 
* 
V/I'oS 
Acquisition Time 
To ±0.01%10VStep 
2.0 max (1.0 typ) 
* 
I'os 
To ±0.01%20VStep 
2.5 max(1.6 typ) 
* 
I'os 
Aperture Delay 
60 max (30 typ) 
* 
ns 
Aperture Jitter 
0.4 
* 
ns 
Settling Time 
Sample Mode (10V Step) 
2.0 max (1.0 typ) 
* 
I'oS 
Sample to Hold 
500 
* 
ns 
Feedthrough 
(Hold Mode) 
at 1kHz 
0.02 max (0.005 typ) 
* 
%FSR 
Transient Peak Amplitude 
Sample/Hold/Sample 
40 
* 
mV 


ANALOG OUTPUT 


. 


Output Voltage Swingl 
±IO.Omin 
* 
Volts 
Output Current 
3.0 
* 
mA 


POWER REQUIREMENTS 
Operating Voltage Range 
± 12to ± 18 
* 
Volts 
Supply Current 
+V 
18max(9 typ) 
* 
mA 
-V 
-10max(-3typ) 
* 
mA 
Power Supply Rejection Ratio 
100 
* 
I'oVN 
Power Consumption 
500 max (200 typ) 
* 
mW 


NOTES 


IMaximum 
output 
swing 
is 4V less than + Vs. 
·Specifications 
same as AD3461D. 


Specifications 
subject 
to change 
without 
notice. 
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GROUNDING 
Many data-acquisition 
components have two or more ground 
pins which are not connected together within the device. These 
"grounds" 
are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), 
and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply 
ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, 
hundreds 
of millivolts can be generated between the system ground point 
and the ground pins of the AD346. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement 
errors. 


speed AID convener allows accurate QlgItlzallon ot mgn trequency 
signals and high throughput 
rates in multichannel 
data acqusition 
systems. The AD346 can be used with a number of different 
AID converters to achieve high throughput 
rates. Figures 6, 7 
and 8 show the use of an AD346 with the ADS78, ADS240 and 
AD ADC8S. 
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CLEANLINESS, 
LEAKAGE AND DROOP 
Sample-and-hold 
amplifiers usually have one or more internal 
nodes which operate with extremely high inIpedances in the 
hold mode. Parasitic leakage at these nodes can degrade the 
part's droop rate, and ac signals coupled in through parasitic 
capacitance can introduce noise onto the held output. 
One such 
dc leakage path can be produced by the residual oils left on the 
package after it has been handled with bare fmgers. Most normal 
board cleaning and flux removal procedures will remove these 
contaminants. 
For best results fmger cots should be used when 
handling the AD346. 


WOEVICES 


I 


FEATURES 
Companion to True 16-Bit AID Converters 
16-Bit Linear (-40°C to +85°C) 
14-Bit Linear (-55°C to +125°C) 
Fast Acquisition Time: 3.6 •.•.s to 0.00076% 
Low Droop Rate: 20 •.•.V/ms 
Differential Amplifier for Ground Sense 
Low Aperture Jitter: 
40 ps 


APPLICATIONS 
Medical and Analytical Instrumentation 
Signal Processing 
Multichannel Data Acquisition Systems 
Automatic Test Equipment 
Guidance and Control 
Sonar 


PRODUCT 
DESCRIPTION 
The AD386 is a high accuracy, adjustment free track-and- 
hold amplifier designed for high resolution data acquisition 
applications. The fast acquisition time (3.6 fLS to 75 fLV) and 
low aperture jitter (40 ps) make it ideal for use with fast AID 
converters. 


The AD386 is complete with an internal hole! capacitor, and it 
incorporates a compensation network which minimizes the 
track-to-hold charge offset and dielectric absorption. 
The 
AD386 also includes an internal differential amplifier for very 
high accuracy applications. 


NC= 
NO CONNECT 
~15 Vb - DIFF AMP ONLY 
:15 v. - SHA ONLY 


Track-and-Hold 
Amplifier 


AD386 
I 


TIH 
• 
OUT 


Typical applications for the AD386 include sampled data sys- 
tem, peak hold function, strobe measurement 
system and simul- 
taneous sampling converter systems. When used with autozero 
and autocalibration 
techniques, 
this TIH combined with a high 
linearity AID will offer true l6-bit performance (0.00076% 
linearity) over the industrial temperature 
range, and l4-bit per- 
formance (0.003% linearity) over the military temperature 
range. 


Max Linearity 
Temperature 
Package 
Model 
Error 
Range 
Option· 


AD386BD 
0.00076% FSR 
-40°C to +85°C 
DH-24B 
AD386TD 
0.003% FSR 
- 55°C to + 125°C 
DH-24B 
AD386TD/883B 
0.003% FSR 
-55°C to + 125°C 
DH-24B 


AD386 -SPECIFICATIONS 
(@ +25°C unless otherwise noted, Vs = ±15 V ± 10%) 


AD386BD 
AD386TD 
Model 
Conditions 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


DIFFERENTIAL 
AMPLIFIER 


INPUT 
CHARACTERISTICS 
Input Range 
±1O 
±1O 
V 


Common-Mode 
Range 
±1O 
±1O 
V 
Input Resistance' 
Signal 
5 
5 
kfl 
Ground Sense 
10 
10 
kfl 
Offset' 
0.6 
2.0 
0.6 
2.0 
mV 
Offset Drift 
Tmin to Tmax 
10 
30 
10 
30 
JJ-vrc 
CMRR 
VOM = ±1O 
80 
90 
80 
90 
dB 
PSRR' 
76 
85 
76 
85 
dB 


TRANSFER 
CHARACTERISTICS 
Gain 
-I 
-I 
VN 
Gain Error 
0.02 
0.02 
% 


Gain Error Drift 
Tmin to Tmax 
I 
5 
I 
5 
ppmf'C 


Gain Linearity 
0.0002 
0.00076 
0.0002 
0.00076 
% 


Gain Linearity 
Drift 
Tmin to Tmu 
0.01 
0.05 
0.01 
0.05 
ppmf'C 
Noise (ENBW = 1.8 MHz) 
32 
45 
32 
45 
JJ-Vrrns 


DYNAMIC 
CHARACTERISTICS 
Small Signal Bandwidth 
6 
6 
MHz 


Slew Rate 
65 
65 
V/JJ-s 
Settling Time' 
10 V Step to 112LSB 16 
2.0 
3.0 
JJ-S 
10 V Step to 1/2 LSB 14 
0.8 
1.5 
0.8 
1.5 
JJ-S 
20 V Step to 1/2 LSBI6 
2.0 
3.0 
JJ-S 


20 V Step to 1/2 LSBI6 
Tmin to Tmu: 
2.0 
3.0 
JJ-S 


20 V Step to 1/2 LSBI4 
0.8 
1.5 
0.8 
1.5 
JJ-S 
20 V Step to 1/2 LSBI4 
Tmin to Tmax 
0.8 
1.5 
0.8 
1.5 
JJ-S 


OUTPUT 
Voltage 
RLOAD>3.5 
kfl, 
Tmin to Tmax 
±IO 
±1O 
V 
Current 
Short Circuit 
IS 
IS 
mA 


POWER 
SUPPLY 
Rated Performance 
±15 
±15 
V 
Operating 
Range 
±5 
±18 
±5 
±18 
V 
Quiescent 
Current 
4.2 
5.0 
4.2 
5.0 
mA 


TRACK-AND-HOLD 


INPUT 
CHARACTERISTICS 
Input Range 
±1O 
±1O 
V 
Input Resistance1 
5 
5 
kfl 
Offset' 
0.6 
2.0 
0.6 
2.0 
mV 
Offset Drift 
Tmin to Tmax 
10 
30 
10 
30 
JJ-vrc 


TRANSFER 
CHARACTERISTICS 
Gain 
-I 
-I 
VN 
Gain Error 
0.02 
0.02 
% 


Gain Error Drift 
Tmin to Tmax 
I 
5 
I 
5 
ppmf'C 
Gain Linearity 
0.0002 
0.00076 
0.0002 
0.00076 
% 


Gain Linearity 
Drift 
Tmin to Tmax 
0.01 
0.05 
0.01 
0.05 
ppmf'C 
PSRR' 
76 
85 
76 
85 
dB 


DYNAMIC 
CHARACTERISTICS 
Small Signal Bandwidth 
2 
2 
MHz 
Slew Rate 
IS 
15 
V/JJ-s 


TRACK-TO-HOLD 
SWITCHING 
Pedestal + Offset 
0.5 
1.5 
0.5 
1.5 
mV 
Pedestal + Offset 
Tmin to Tmax 
5.0 
7.5 
mV 
Pedestal Linearity 
Tmin to Tmax 
0.0004 
0.00076 
0.0004 
0.003 
% 


Aperture 
Delay 
12 
12 
ns 
Aperture 
Jitter 
40 
40 
ps 
Transient 
Settling' 
to 1/2 LSBI6 
Tmin to Tmax 
600 
800 
ns 
to 112LSBI4 
Tmin to Tmax 
400 
500 
400 
500 
ns 


AD386BD 
AD386TD 
Model 
I 
Conditions 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


HOLD 
MODE 
Droop Rate 
20 
100 
20 
100 
mV/s 


Droop Rate 
T~x 
0.2 
1.0 
3.6 
IS 
Vis 


Feedthrough' 
-99 
-94 
-99 
-94 
dB 
Noise (ENBW = 1.7 MHz) 
32 
50 
32 
50 
fLVrms 


PSRR' 
60 
66 
60 
66 
dB 
Dielectric Absorption' 
7 
10 
7 
10 
ppm 


HOLD-TO-TRACK 
DYNAMICS 
Acquisition 
Time' 


10 V Step to 1/2 LSB 16 
3.6 
4.1 
fLs 


10 V Step to 112 LSBI4 
3.1 
3.6 
3.1 
3.6 
fLS 
20 V Step to 1/2 LSB 16 
3.6 
4.1 
fLS 


20 V Step to 1/2 LSB 16 
Tmin to Tmu 
4.0 
4.5 
fl.S 
20 V Step to 1/2 LSBI4 
3.1 
3.6 
3.1 
3.6 
fLs 


20 V Step to 1/2 LSBI4 
Tmin to Tmu. 
3.5 
4.0 
4.0 
4.5 
fLS 


DIGITAL 
INPUTS 
Vm 
Tmin 
to Tmu: 
3.5 
3.5 
V 


VIL 
Tmin to Tmu. 
0.9 
0.9 
V 
IIH 
Tmin to Tmax 
-10 
+10 
-10 
+10 
fLA 
IlL 
Tmin to Tmu: 
-10 
+10 
-10 
+10 
fLA 


OUTPUT 
Voltage 
RLOAD>3.5 k!l., 
Tmin to Tmu: 
±10 
±10 
V 


Current 
Short Circuit 
15 
15 
mA 


POWER 
SUPPLY 
Rated Performance 
±15 
±15 
V 


Operating 
Range 
±S 
±IS 
±S 
±IS 
V 


Quiescent 
CUrteot 
Positive Supply 
S.O 
12.0 
S.O 
12.0 
mA 


Negative Supply 
-6.0 
-5.4 
-6.0 
-5.4 
mA 


SYSTEM 
---- 


Gain Linearity 
Tmin to Tm.ax 
0.0003 
0.0012 
0.0003 
0.0012 
% 


Acquisition Time'" 
7 
20 V Step to 112 LSBI6 
4.1 
5.1 
fLS 


20 V Step to 1/2 LSBI6 
Tmin 
to Tmax 
4.5 
5.4 
fLS 


20 V Step to 1/2 LSBI4 
3.2 
3.9 
3.2 
3.9 
fLS 


20 V Step to 1/2 LSBI4 
Tmin 
to Tmu. 
3.6 
4.3 
4.1 
4.S 
fLS 


Power Dissipation 
312 
435 
312 
435 
mW 


TEMPERATURE 
RANGE 
Operating 
-40 
+S5 
-55 
+125 
OC 


Storage 
-60 
+150 
-60 
+150 
·C 


-- 


NOTES 
ITypical resistance tolerance is ±25%. 
2Mter 5 minute warmup at +25"<:. 
'Testcooditions: 
+Vs ~ +15V, 
-Vs = -16VIO 
-14Vand 
+Vs = +14Vto 
+16V, 
-Vs 
= -15V. 


4RLOAD = 5 kfl, CLOAD = 10 pF, settling measured to 1/2 LSB at output. 
'Measured at I kHz. 
6Dielectric Absorption represents the magnitude of long-term settling anifacts for hold times up to 80 ~s as a fraction of the difference in 
voltages between two successive held samples. 
'Specifications also apply for 10 V step. 
Specifications subject to change without notice. 
Specifications in bold are 100% production tested. 


ABSOLUTE 
MAXIMUM 
RATINGS' 
Supply 
Voltage 
±18 
V 
Internal 
Power 
Dissipation 
800 mW 
Input 
VoltageZ 
•••••••••••••••••••••••••••• 
± 18 V 
TtH 
Input 
Voltage 
-0.5 
V, + 16 V 
Output 
Short 
Circuit 
Duration 
Indeflnite 
Storage 
Temperature 
Range 
-6SOC 
to + 150°C 


Operating 
Temperature 
Range 
AD386B 
-40·C 
to +85·C 
AD386T 
-55·C 
to + 125·C 


Lead 
Temperature 
Range 
(Soldering 
60 see) 
+ 300°C 


NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational 
section 
of this 
specification 
is not implied. 
Exposure 
(Q 


absolute maximum rating conditions for extended periods may affect device 
reliability 
. 


2For supply voltages less than ±18 V, the absolute maximum input voltage is 
equal to the supply voltage. 


AD386- 
Typical Performance Characteristics 
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Figure 
1. Differential 
Amplifier 
Common 
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Figure 
7. T/H Power 
Supply 
Rejection 
vs. Frequency, 
Hold 
Mode 
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Figure 2. Differential 
Amplifier 
Common 
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Figure 5. Differential 
Amplifier 
Settling 
Figure 6. T/H Power 
Supply 
Rejection 
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Time vs. Temperature 
Frequency, 
Track Mode 
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Figure 8. T/H Acquisition 
Time vs. Step 
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Figure 3. Differential 
Amplifier 
Power 


Supply 
Rejection 
vs. Frequency 
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Figure 9. T/H Acquisition 
Time vs. 


Temperature 
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Figure 
11. Droop 
Rate 


vs. Temperature 
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Figure 
10. Feedthrough 


vs. Frequency 
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TERMINOLOGY 
Aperture Delay: 
the time required by the internal switch(es) to 
disconnect the hold capacitor from the input, which produces an 
effective delay in the sample timing. 


Aperture Jitter: 
the uncertainty in Aperture Delay caused by 
internal noise and the variation of switching thresholds with sig- 
nal level. The error caused by aperture jitter depends on the 
rate of change of the input and as such determines the maxi- 
mum input frequency which can be sampled without error. 


Pedestal: 
a step change in the output voltage which occurs when 
switching from track mode to hold mode. 


Hold Mode Settling 
Time: the time required for the pedestal to 
reach its final value to within a specified fraction of full scale. 


Droop: the change in the held output voltage resulting from 
leakage currents. 


Figure 
12. (Pedestal+Offset) 


vs. Temperature • 


Feedthrough: 
the fraction of input signal variation which appears 


at the output in hold mode as a result of capacitive coupling. 


Dielectric Absorption: 
the tendency of charges within a capacitor 
to redistribute 
themselves over time, resulting in "creep" 
in the 
voltage of an open circuit capacitor after a large rapid change. 


Acquisition 
Time: 
the time required after entering track mode for 
the voltage on the hold capacitor to settle to within a specified 
fraction of full scale. This is usually specified for a full-scale 
step change in output voltage. 


Settling 
Time: the time required in track mode for the output to 
reach its final value within a specified fraction of full scale fol- 
lowing a step change in the input voltage. 


Nonlinearity: 
the degree to which a plot of output versus input 
deviates from the straight line defined by the end points. It is 
usually specified as a percentage of full scale. 


THEORY OF OPERATION 
The architecture of the AD386 differs from that usually encoun- 
tered in inverting Track-and-Hold 
(T/H) circuits. The hold 
capacitor in a conventional T/H (Figure 14) is always connected 
from the amplifier's output to its inverting input. In track mode 
switch A is open and switch B is closed. Since the summing 
junction is a virtual ground, the voltage across the capacitor fol- 
lows the input. The switches change state in hold mode which 
disconnects the capacitor from the input and holds the output 
voltage constant. The clamping action of switch A reduces the 
variations across switch B, improving feedthrough performance. 


This circuit forces several tradeoffs. The hold capacitor's charg- 
ing current is limited by the input resistor. Either the resistor or 
the capacitor, or both, must be made small to obtain fast acqui- 
sition times. A small resistor creates greater demands on the cir- 
cuit which drives the T/H, while a small capacitor leads to 
increased pedestal and droop. In addition, the parallel combina- 
tion of the feedback resistor and the hold capacitor acts as a low 
pass filter and constrains both bandwidth and acquisition time. 


The AD386 uses a four-switch flyback architecture which re- 
moves the hold capacitor from the feedback loop during track 
mode (Figure IS). Switches A and C are open in track mode 
while switches Band 
D are closed. This maximizes bandwidth 


and provides minimum acquisition time because the charging 


current delivered to the hold capacitor is limited only by the 
amplifier's output capability. The hold capacitor can be made 
larger, subject to amplifier stability, since it no longer appears in 
parallel with the feedback resistor. This helps to reduce droop 
and pedestal. Switches A and C close in hold mode while 
switches Band 
D open, which connects the hold capacitor to 
the amplifier's inverting input. 


Additional switches and capacitors, not shown in the figure, 
provide first order cancellation of amplifier and switch leakage 
currents, switching charge injection, and switch feedthrough. 
Finally, a small amount of positive feedback is used to reduce 
dielectric absorption effects. 


TRACK-AND-HOLD 
ERROR CONTRIBUTIONS 
IN 
SAMPLED-DATA 
SYSTEM 
Any track-and-hold 
amplifier imposes performance limits on the 
system in which it is used. Some of these limits can be derived 
from the theory of sampled-data systems, some are intrinsic to 
the T/H, and some depend on details of the system design. 
Many subtle effects come into playas 
system resolution 
increases to 14 or 16 bits, and these can contribute 
significant 
errors. Understanding 
T/H error sources is critical to maintain- 
ing signal integrity in a high resolution data acquisition system. 


FREQUENCY LIMITATIONS 
Three factors set fundamental limits on system performance 
when digitizing high frequency signals. These are: T/H ampli- 
fier bandwidth, 
aperture uncertainty, 
and the maximum update 
rate of the T/H and AID combination. 
The track mode band- 
width of the T/H must be significantly greater than the band- 
width of the signals being digitized to prevent the introduction 
of amplitude and phase errors. The 2 MHz small signal band- 
width of the AD386 attenuates a 35 kHz signal by 0.001 dB and 
shifts its phase by 1.0 degrees. 


There are two different aperture related error terms. The first is 
aperture delay time, the delay between the HOLD 
command 
and the complete opening of internal switches in the T/H. This 
time amounts to a negative phase delay applied to the input sig- 
nal because the T/H output can actually continue to track the 
input for a brief time after the HOLD 
command. Aperture 
delay time can be "tuned out" by advancing the assertion of 
HOLD. 


Aperture jitter, the random variations in aperture delay time, 
causes errors which are directly related to the rate of change of 
the input signal and which cannot be eliminated by circuit 
adjustments. 


A simple calculation provides the frequency at which aperture 
jitter produces an error of 1/2 LSB when the input is a full-scale 
sinusoid. The general result for an N-bit AID converter is 


F 
= VFS x 
I 


•• ax 
V pp 
2N + I x .". X Aperture Jitter 


where VFS is the AID converter's input range and Vpp is 
the peak-to-peak value of the input sinusoid. The worst case 
(minimum) value of F max occurs when Vpp is equal to VFS' 
If the T/H has an aperture jitter of 100 ps and is used with a 
16-bit linear AID, the maximum input frequency is 24.3 kHz. 


The same TIH, when used with a 14-bit linear AID, permits 
the processing of signals up to 97.1 kHz before aperture jitter- 
errors become observable. Figure 16 shows these errors as 
a function of frequency, assuming a full scale input sinusoid, for 
several values of aperture jitter. 
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Figure 
16. T/H Error 
vs. Aperture 
Jitter 
and Input 
Frequency 


Aperture jitter is often expressed as an rms number. 
"Peak-to- 
peak" aperture jitter is usually defined as 6 times this rms value. 
This comes from probability theory, where 99.7% of the mea- 
surements of a random variable will be within 3 standard devia- 
tions of the variable's average value. Aperture jitter arises from 
broadband electrical noise, which is very nearly an ideal random 
process with a standard deviation equal to its rms value, so mul- 
tiplication by 6 gives a good approximation 
to the noise's peak- 
to-peak value. 


A second limit on the input frequency is imposed by the fmite 
time required for signal acquisition and conversion. It is possible 
to reconstruct 
any uniformly sampled signal without loss of 
information provided the sampling rate is at least twice the 
bandwidth of the input signal; this is the Nyquist criterion, a 
fundamental result in sampling theory. This limits input 
frequency to 


Fma:c 
= 2 x 
(tACQ + tCONV + tAP! 


where tACQis the TIH acquisition time, TcoNV 
is the time re- 
quired for the AID conversion, and TAP is the aperture delay of 
the T/H. The last term is usually very small and can be ignored. 
A system composed of a 3.6 
fLS T/H and a 10 
fLS AID can be 
used successfully to digitize signals with frequency components 
up to 36.76 kHz. This limit is independent 
of input signal 
amplitude. Throughput 
rates and input frequency ranges for the 
AD386 in combination with various AID converters are shown 
in Table I. 


AID 


ADADC71 
AD 1376178 
AD 1377 


Minimum 
Throughput 


18.7 kHz 
48.8 kHz 
73.5 kHz 


Conversion 
Time 


50 fLS max 
17 fLS max 
10 •.•.s max 


Table I. Throughput 
for AD386 
with 
Various AID 
Converters 


NONLINEARITIES 
Two phenomena directly affect the fidelity of a TIH's transfer 
function and can degrade system linearity. One of these error 
sources is track mode nonlinearity. 
It arises primarily from gain 
nonlinearity in the T/H's internal amplifier(s). Mismatches in 
the temperature 
coefficients of internal resistors may also con- 
tribute, but usually do so only for very low frequency signals. 
The AD386's track mode nonlinearity is about 1/6 16-bit LSB 
(Figure 17), as is the nonlinearity of the AD386's differential 
amplifier. 


System linearity will also be reduced if the pedestal varies non- 
linearly with signal level. Pedestal nonlinearity in the AD386 is 
below 8 microvolts per volt of input signal, or about 1/2 16-bit 
LSB. 


~ 


••~ 


!... 
• 


FEEDTHROUGH, 
DROOP, 
AND DIELECTRIC 
ABSORPTION 


Errors resulting from signal feedthrough and -'roop must be less 
than 1/2 LSB in order for the system's linearity to be main- 
tained. The AD386 uses a symmetrical, compensated architec- 
ture to minimize both these effects. Feedthrough 
varies slightly 


with input frequency from -100 
dB below I kHz to -86 dB 
above 100 kHz (Figure 10). This provides 16-bit accuracy for 
full-scale inputs up to at least 5 kHz and 14-bit performance 
to 
beyond 100 kHz. 


The circuit's symmetry causes the droop rate to depend on dif- 
ferences in leakage currents between identical junctions under 
nearly identical bias conditions. The resulting droop is less than 
1/2 16-bit LSB (10 V scale) at temperatures 
up to 85°C and 
1/2 14-bit LSB (10 V scale) over the full military temperature 
range for hold times up to 100 fLS. 


Capacitors exhibit a memory phenomenon, 
dielectric absorption 


(DA), in fast charge, long hold applications. 
This arises from 
nonideal behavior of the dielectric material which allows charge 
storage in the bulk of the dielectric. This bulk charge cannot be 
removed rapidly because of the long time constant associated 
with the dielectric's high resistance. A capacitor with dielectric 
absorption can be modeled as an ideal capacitor in parallel with 
a series R-C circuit as shown in Figure 18. When such a capaci- 
tor is used as the hold capacitor in a TIH the held voltage will 
tend to creep back towards the voltage held for the pleviou~ 
conversion cycle. The degree and time constant of this behavior 
depends on the capacitor's dielectric material, as well as on the 
charge and hold time of the circuit. 


This causes an apparently nonlinear pedestal because the differ- 
ence between the currently measured voltage and the previously 
measured voltage determines the magnitude of the DA error. 
The AD386 uses a high quality hold capacitor with low intrinsic 
DA. Residual DA errors are further reduced by laser trimming 
a compensation network during the manufacturing 
process. The 
trimming is performed under typical system timing conditions of 
5 fJ.Strack, 45 fJ.Shold. The post-trim dielectric absorption error 
is less than 1/2 16-bit LSB for full-scale changes between sam- 
ples and hold times between 10 fJ.Sand 100 fJ.S. 


NOISE 
Noise generated in a TIH adds to the held signal and causes 
variations in the output code of an AID. This noise has two 
components, 
one which arises during track mode and another 
contributed 
during hold mode. The rms sum of these terms 
determines the noise performance of the TIH in the system. 


Track noise is the noise which gets sampled when entering hold 
mode. An inverting TIH architecture 
such as that used in the 
AD386 has a noise gain of 2. This noise is low pass filtered in 
the R-C network comprised of the hold capacitor and the switch 
on resistance (see Figure 19a). The rms value of the track noise 
is 


<enT> 
= loP amp noise) x Inoise gain Ix IENBW)"2 


Op amp noise is the rms sum of the amplifier's broadband volt- 
age noise and the thermal noise contributions 
of the input and 
feedback resistors, about 17 nVlv'Hz. 
Other noise sources, 
including amplifier current noise and switch thermal noise, are 
negligible. ENBW, the equivalent noise bandwidth, 
is 


"IT 
BWI 
x BW2 
ENBW 
= - 
x ----- 
2 
BWI 
+ BW2 


where BWI is the small signal bandwidth of the TIH in track 
mode (2 MHz for the AD386) and BW2 is the corner frequency 
of the RSWITCH-eHOLDcombination (2.7 MHz). The resulting 
track noise in the AD386 is at most 46 fJ.V rms. 


Noise gain is reduced to I in hold mode, and input and feed- 
back resistor thermal noise makes no contribution 
(Figure 19b). 


The equivalent noise bandwidth now depends on the TlH's 
small signal bandwidth and the characteristics of the AID con- 
verter used in the system. This is because the signal at the input 


of the comparator in a successive approximation 
AID converter 
is filtered by the converter's input resistance and the summing 
junction capacitance. ENBW is calculated as before, but now 
BWI is the TlH's small signal bandwidth in hold mode (4 MHz 
for the AD386), and BW2 is the bandwidth of the AID's input 
R-C. BW2 is about 700 kHz in the AD ADC7l and AD1376 
and roughly 1.7 MHz in the AD1377 and AD1378 (assuming a 
10 V span). The respective values of ENBW are 940 kHz and 
1.9 MHz. The hold noise contribution 
of the AD386 is about 16 
fJ.Vrms when used with the AD ADC71 or AD1376 and 22 fJ.V 
rms when used with the ADI377 or AD1378; this noise is 
30% less for a 20 V span and 40% greater for a 5 V span 
because changes in the AID's input resistance cause changes 
in BW2. 


The total noise is the rms sum of these two results: 


This yields 49 fJ.V rms and 51 fJ.V rms for the two cases. 
Track noise dominates in both instances. 


When the AD386's differential amplifier is used, its noise con- 
tribution will be band limited and sampled by the TIH. The 
equivalent bandwidth for this noise is also 1.8 MHz and the 
contribution 
to the track noise is 46 fJ.V rms. The total track 
noise is the rms sum of 46 fJ.Vand 46 fJ.V,or 65 fJ.Vrms, and 
the overall noise for the complete AD386 used with any of the 
above AID converters is at most 70 fJ.V rms. 


The rms value represents one standard deviation if the noise has 
a Gaussian distribution, 
which is usually the case for wideband 
electrical noise. If a constant noise-free voltage is sampled a 
large number of times, the held result will be within one stan- 
dard deviation of the ideal value 32% of the time, within two 
standard deviations 95% of the time, and within three standard 
deviations 99.7% of the time. The entries in Table II were cal- 
culated using three standard deviations as the definition of the 
peak-to-peak noise. 


No. 
rms Noise 
pop Noise 
Span 
Bits 
LSBs 
LSBs 


10V 
14 
0.11 
0.66 
20 V 
14 
0.06 
0.36 
JOV 
16 
0.45 
2.7 
20 V 
16 
0.23 
1.4 


Table 
II. AD386 
Noise 
Contribution 
as a Function 
of AID 
Span 
and 
Resolution 


POWER SUPPLY 
REJECTION 
Variations on the power supply lines, both dc and ac, can lead 
to unwanted changes in the voltage acquired by a TIH. Power 
supply variations in track mode cause the output voltage, and 
hence the voltage across the hold capacitor, to vary. PSRR 
decreases with increasing frequency, making well regulated, low 
noise linear power supplies and proper bypassing essential in a 
high resolution data acquisition system. 


Equally important, 
but usually forgotten or omitted, is hold 
PSRR. This is frequently much worse than track PSRR because 
parasitic capacitances which are not significant in track mode 
couple into the extremely high impedance nodes which exist in a 
T/H 
during hold mode. This specification is essential to the sys- 
tem designer, as hold mode PSRR often determines the perfor- 
mance required from the system's power supplies. The power 
supply rejection of the AD386 is specified and characterized in 
both track and hold modes. 


Pedestal arises from the transfer of charge from the internal 
switching circuitry to the hold capacitor during the transition 
from track mode to hold mode. Pedestal in some T/H 
circuits is 


extremely sensitive to changes in the high and low levels of the 
external control signal. The AD386 uses an internal +5 V sup- 
ply and logic buffers to prevent this behavior. 


GROUNDING 
All voltage measurements 
in a data acquisition system are even- 
tually referenced to ground. Variations in the "ground" 
poten- 
tial through the system resulting from resistive drops of power 
supply and signal return currents as well as from interference 
from external sources may add to the signal being digitized and 
produce false results. The grounding scheme in a high resolu- 
tion system cannot be left to chance and must be planned as 
carefully as any other aspect of the system's design. Proper 
grounding and the reduction of externally induced ground noise 
are discussed at length in the following Applications section. 


GROUNDING. 
DECOUPLING, 
AND LAYOUT 
CONSIDERATIONS 
Many data acquisition systems have two or more ground pins 
which are not connected together within the device(s). These 
"grounds" 
may be referred to as Logic Power Return, Digital 
Return, Analog Ground, Analog Power Return, Signal Ground, 
etc., and they must be connected together somewhere within the 
system to establish a measurement 
reference point. Good 
grounding practice dictates that these grounds be tied at a single 
point, sometimes called a star or "Mecca" ground. In high reso- 
lution systems the star point is often located at the AID, with a 
single, short, low impedance trace leading from there to the ana- 
log supply "common" 
terminal. The ideal is to use a solid ana- 
log ground plane beneath the T/H 
and AID as the star point. 


Because circuit traces have resistance and inductance, 
currents 
• 
in the various ground runs can create voltage differences of hun- 
dreds of millivolts between '''ground'' 
in different parts of the 
system. Power supply and signal ground traces should be sepa- 
rate to prevent summing power supply return currents with ana- 
log signal currents, which would lead to measurement 
errors. It 
is also important to avoid closed circuit loops in system ground 
connections. A loop can act as a very effective antenna, coupling 
voltages created by stray magnetic fields into the measurement 
system. 


Each of the AD386's power supply terminals should be capaci- 
tively bypassed to the ground plane as closely as possible to the 
device. This is best done using 0.01 flF to 0.1 flF ceramic 
capacitors. High frequency supply noise rejection may be fur- 
ther improved by placing small (4.7 fl to JO fl ) carbon compo- 
sition resistors in series with the supply leads. These resistors, 
in combination with the ceramic capacitors, act as local low pass 
filters and prevent crosstalk between system components. 
The 
bypassing scheme should also include solid Tantalum capacitors 
of I flF to JO flF from each supply to ground in the critical 
areas of the board. Proper grounding and bypassing techniques 
are shown in Figure 20. 


All AD386 ground pins (Pins 2,5,7,9, 
18, 19, and 24) should 
be connected to the analog ground plane. 


WARNING: 
Improper bypassing can result in poor settling 
performance or high frequency oscillations. 


The metal cover of the AD386 is internally grounded to provide 
additional shielding. Do not make any external connection to 
the cover. 


DIFFERENTIAL 
AMPLIFIER 
Many high resolution applications require the ability to sense 
ground at the signal source. This is especially true in systems 
with physical or thermal constraints that make it necessary to 
locate the T/H 
and AID at some distance from the transducer. 


Under these conditions stray electromagnetic 
fields may cause 
"ground" 
at the signal source to be at a different potential from 
"ground" 
at the AID despite the designer's best efforts. This 
will give rise to measurement 
errors because the potential differ- 
ence will appear to be added to the true signal. The AD386's 
differential amplifier may be used to eliminate this type of 
ground noise as shown in Figure 21. 


DIGITAL 
DATA 
OUTPUT 


'AD386 
INTERNAL 
STAR POINT IS AT PINS 5. 7. 
PINS 2. 9. 18. 19. 24 MUST ALSO BE CON· 
NECTED TO ANALOG 
GROUND 
PLANE. 


b. With Differential Amplifier 


Figure 21. Effects of Common Mode Noise 


In extremely noisy environments 
it may be necessary to connect 
the differential amplifier to the signal source with shielded 
twisted pair cable. The shield should be connected to ground at 
the transducer and should be left floating at the AD386. This 
shielding technique is shown in Figure 22. The cable presents a 
capacitive load, and the signal source must be capable of driving 
this load without ringing or oscillations. The differential amplifi- 
er's noninverting 
input should be connected to Pin 24 if ground 
sensing is not required. 


Another use of the differential amplifier is to restore signal 
polarity. Like most high resolution T/H amplifiers, the T/H in 
the AD386 operates in the inverting mode. The differential 
amplifier may be used to provide a second inversion so that the 
TIH output has the same polarity as the sensor output. 


The differential amplifier also provides a low dynamic source 
impedance to the T/H section. This absorbs transients produced 
when the T/H switches from hold mode to track mode, pro- 
viding optimal settling performance. 


The T/H and differential amplifier have independent 
power sup- 
ply connections. This permits a reduction in system power dissi- 
pation when the differential amplifier function is not needed. 
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GAIN AND OFFSET 
ADJUSTMENT 
The usual practice in the design of data acquisition systems is to 
incorporate a single system level trim for offsets and a second 
for gain errors, rather than to trim each element in the signal 
processing chain. Traditionally 
these trims involve potentiome- 
ters or fixed resistors. The trims should be designed so that 
nulling static errors does not introduce new errors such as noise, 
increased thermal drift, or nonlinearity. 


The offset, drift, and gain errors of the AD386 are laser 
trimmed during manufacture and no external adjustment ca- 
pabilities are provided. This prevents the introduction 
of noise 
through offset adjust terminals and preserves the excellent gain 
linearity and drift performance. 
Most AIDs provide for nulling 
gain and offset errors with a range sufficient to include the 
contributions 
of the AD386. Of course, it is also possible to 
include calibration routines in the system's software to eliminate 
mechanical adjustments. 


HIGH RESOLUTION 
DATA ACQUISITION 
SYSTEM 
The essential details of a high resolution data acquisition system 
using the AD386 are shown in Figure 23. Conversion is initiated 
by the falling edge of the CONVERT 
START pulse. This edge 
drives the AID's STATUS line high. The inverter then drives 
the AD386 into hold mode. STATUS remains high throughout 
the conversion and returns low once the conversion is com- 
pleted. This allows the AD386 to reenter track mode. The 
throughputs 
given in Table I were calculated based upon this 


circuit configuration. 


One drawback of this connection becomes apparent if the sys- 
tem's grounding is marginal. The falling edge of CONVERT- 
START resets the successive approximation 
register within 
the AID, causing transient currents in both the analog and digi- 
tal return paths. These transients vary depending on the input 
signal and the prior conversion result. The same edge also drives 
the T/H 
into hold mode. The exact timing relationship of these 
two events depends upon differences in propagation delays. The 
T/H's 
held value may be affected if the AID reset transient 
begins before the T/H has fully entered hold mode. The end 
result is system nonlinearity. 


Figure 24. Improved 
Data Acquisition 
System 
(Some Supply 
Bypassing 
Omitted 
for Clarity) 


This problem can be avoided with the addition of a flip flop as 
shown in Figure 24. The rising edge of CONVERT 
START 
places the TIH into hold mode before the AID reset transients 
begin. The falling edge of STATUS places the AD386 back 
into track mode. System throughput 
will be reduced if a long 
CONVERT 
START pulse is used. Throughput 
can be 
calculated from 


Throughput 
= --------- 


TAcQ + TCONV + Tcs 


where T ACQ is the T/H 
acquisition time, T CONV is the time 
required for the AID conversion, and Tc:s is the duration of 
CONVERT 
START. 
No significant T/H 
droop error will be 
introduced provided the width of CONVERT 
START is small 
compared with the AID's conversion time. 


MULTICHANNEL 
SYSTEMS 
The design of multiplexed data acquisition systems which main- 
tain 14- or 16-bit signal fidelity is an extremely demanding task. 
One of the first difficulties encountered 
is the lack of adequate 
analog switches. The specified feedthrough 
performance of most 
switches and multiplexers is seldom better than - 80 dB. This is 
an order of magnitude too high for a 16-bit system with its 8 
parts-per-million 
sensitivity. A "T" switch configuration can 
be used to reduce feedthrough as shown in Figure 25. The 
improvement 
in "off' 
isolation relative to a single switch is 
substantial. 


A few monolithic video T-switch ICs are now available and pro- 
vide the necessary isolation in the dc-SO kHz frequency range. 
Unfortunately, 
these devices have voltage limitations which 
restrict their utility. It will usually be necessary to design a mul- 
tiplexer using analog multiplexer and switch ICs. Figure 26 
shows a simple 4-channel single-ended T-switch multiplexer 
and 
includes a high performance 
buffer (see below). 


The on-resistance of analog switches and multiplexers is a non- 
linear function of signal voltage. This will produce severe non- 
linearity in a system in which a multiplexer supplies signals 
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directly to an AD386. A high-impedance 
buffer between the 
multiplexer and the TlH's input can solve this problem but may 
introduce several others. 


An op amp in the noninverting gain-of-I configuration is the 
obvious candidate for a buffer. The amplifier must settle quickly 
to maximize system throughput 
and must be extremely linear to 
maintain system performance. 
The linearity of this configuration 
depends upon the linearity of both the amplifier's open loop 
gain and common-mode rejection (linear errors in these param- 
eters result only in system gain error, but nonlinear gain and 
CMRR produce system nonlinearity). 
Neither of these param- 
eters is specified by most amplifier manufacturers. 


A buffer may also increase system noise. Applications which 
require ground- sensing will require two buffers, resulting in 
40% more noise than a one-buffer system. 


Finally, a buffer will add its own offset to the signal being mea- 
sured. Software calibration of the error and its drift is possible 
using a permanently grounded multiplexer channel. 


The AD744 is a nearly ideal buffer for multiplexed systems. 
This amplifier provides offsets as low as 250 f.LV and an offset 
drift of 3 f.Lvrc while maintaining 
16-bit linearity over the 


-40°C to +85°C temperature 
range. Typical settling times at 
room temperature 
are 2.3 
f.LS (14 bits) and 3.5 
f.LS (16 bits) for 
the AD744 combined with the AD386's differential amplifier. 
The increase in noise at the differential amplifier's output will 
be about 6 f.LV rms in a one-buffer system and roughly 12 f.LV 
rms in a two buffer system (recall that a 16-bit LSB in a 20 volt 
system is 305 f.L V). The AD744 is not unity-gain stable, and 
compensation is required. A 5 pF compensating capacitor is suf- 
ficient to ensure stability. The settling times listed above were 
measured using a 9 pF compensation capacitor which provides 
greater stability with moderate capacitive loads. 


The NE5534 can also be used as a buffer to deliver 16-bit lin- 
earity. This amplifier also requires slight compensation to 
achieve unity-gain stability; 10 pF is sufficient. Settling is some- 
what slower than the AD744, about 5 f.LS to 14 bits and 6 f.LS to 
16 bits, including the AD386's differential amplifier when mea- 
sured at room temperature. 
The 5534 has lower voltage noise 
and will cause only a I or 2 f.LV rms increase in the total noise at 
the differential amplifier's output. The NE5534 lacks the preci- 
sion offset and drift performance of the AD744. 


Multiplexed throughput 
can be improved with the proper choice 
of system timing. If the new input channel is selected while the 
AD386 is in Hold mode, then multiplexer, 
buffer, and differen- 
tial amplifier settling can occur during the AID conversion. In 
this case throughput 
is determined only by the sum of the T/H 
acquisition and AID conversion times. The effects of T/H feed- 
through must be considered when using this type of overlap in 
system timing. 


There is another solution to many of the problems of multi- 
plexed systems when the speed of channel switching is not criti- 
cal: relays. Relays should be selected for good shielding, low 
thermal EMF, and low on-resistance. The only significant draw- 
back of this approach, other than switching speed and size, is 
power dissipation. In all other respects relays offer a near- 
perfect solution to the problems of high resolution system desi'gn 
discussed above. 


DYNAMIC PERFORMANCE 
Dynamic characteristics such as signal-to-noise ratio (SNR) and 
total harmonic distortion (THD) are important 
in many signal 
processing applications. 
SNR and 
THD are affected by both 
the T/H and AID. The errors contributed 
by the T/H are gener- 
ally dependent upon the input signal frequency, while those 
contributed 
by the AID converter usually are not. The dynamic 
performance of a TIH-AID pair is characterized using Fast 
Fourier Transform (FFT) techniques. 


Figures 27-31 show the results of several 1024-point FFTs 
which demonstrate 
the exceptional distortion and noise perfor- 


mance of the AD386 when combined with the ADI377. These 
FFTs were obtained using a circuit similar to that of Figure 24. 
The input signal was processed by both the differential amplifier 
and TIH sections of the AD386 and was sampled at an 
83.333 kHz rate. The AD1377's clock was adjusted to yield an 
8.0 
f.LS conversion time, which provided 4.0 
f.LS for the AD386 to 


acquire each new sample. The vertical scale for these figures is 
based on a full-scale input referenced as 0 dB. The system was 
configured for a 10 volt span. 


Figures 27 and 28 illustrate the system's low frequency noise 
and distortion performance. 
The input frequency is 1.546 kHz. 
When the input is -0.3 
dB, nearly full scale, the largest har- 
monic component is -102.8 
dB (Figure 27). Total harmonic 
distortion, 
the rms sum of the second through fifth harmonics, 


is - 99.9 dB. The signal to noise ratio is 89.9 dB. The ultimate 
noise floor can be determined 
using a lower level input. Reduc- 
ing the input level about 20 dB, as in Figure 28, decreases the • 
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A0386 noise contribution 
of about 45 
j.L V rms. The FFT noise 


floor would improve about 2 dB with the system configured for 
a 20 volt span because the effect of noise contributed 
by the 
A0386 is reduced as a result of the increased LSB size. 


System performance just beyond the high end of the audio band 
is shown in Figure 29. Here the input is a -0.3 
dB sinusoid at 


21.24 kHz. The only significant harmonic component, 
the sec- 


ond harmonic, is -91.9 
dB with respect to the fundamental, 


and THO is -91.1 
dB. The noise floor is 0.5 dB greater than 
in Figure 27. The additional noise is contributed 
by higher- 
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nannonlCS 
nave 
oeen 
excluded from the noise floor calculations, but higher harmonics 
are considered to be "noise". 
These harmonics arise from the 
A0386's 
aperture jitter. The additional noise is consistent with 
an rms jitter of 40 ps. 


In Figures 30 and 31, -0.3 
dB and -20.1 
dB inputs at 40.61 
kHz show system performance near the Nyquist frequency. 
Even at this high frequency a full-scale input produces THO of 
only -84.6 
dB, dominated by the second harmonic at -85.1 
dB 


(Figure 31). In Figure 31 the harmonics have been eliminated 
by reducing the input level by a factor of 10. 
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FEATURES 
Companion to High Resolution AID Converters 
Fast Acquisition 
Time: 2.5JLsto ±O.OO3% 
Low Droop Rate: O.1JLV/JLS 
Aperture Jitter: 
400ps 
Internal Hold Capacitor 
Unity Gain Inverter 
Low Power Dissipation: 
300mW 


PRODUCT 
DESCRIPTION 


The AD389 is a high accuracy, adjustment 
free track-and-hold 


amplifier designed for high resolution data acquisition applications. 
The fast acquisition time (2.Sf.Lsto :!: 0.003%) and low aperture 
jitter (4oops) make it suitable for use with fast AID converters 
to digitize signals up to 40kHz. 


The AD389 is complete with an internal hold capacitor and it 
incorporates a compensation network which minimizes the sample 
to hold charge offset. 


Typical applications for the AD389 include sampled data systems, 
peak hold functions, strobed measurement 
systems and simul- 
taneous sampling converter systems. When used with autozero 
and autocalibration 
techniques, 
this TIH combined with a high 
linearity AID will offer 14-bit performance 
over the converter's 
full no-missing-code 
temperature 
range. 


The device is available in two versions: the "K" 
specified for 
operation over the 0 to + 70°C commercial temperature 
range 
and the "B" specified over the full industrial 
temperature 
range, 
- 25°C to + 85°C. High reliability processing is available; contact 
factory for information. 


Model 


AD389KD 
AD389BD 


Temperature 
Range 


Oto + 70°C 
- 25°C to + 85°C 


Package 
Option" 


DH-14A 
DH-14A 


High Resolution 
Track-and-Hold 
Amplifier 


AD389 
I 
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PRODUCT 
HIGHLIGHTS 
I. The AD389 is the ideal companion track-and-hold 
amplifier 
to 14-bit accurate AID converters. 


2. The AD389 provides separate analog and digital grounds, 


thus improving the device's immunity to ground and switching 
transients. 


3. The droop rate is only O.If.LV/f.Lsso that it may be used in 
slower high resolution systems without the loss of accuracy. 


4. The fast acquisition time and low aperture make it suitable 


for high speed data acquisition systems and digital audio re- 
cording. 


S. The AD389 TIH amplifier is ideal for applications requiring 
wide dynamic range. 


6. Clever circuit design eliminates any measurable thermal tail 


(see Figures la and Ib). 


-15V 


ANALOG 
INPUT 


SUMMING 
PT 


AD389 _ SPECIFICATIONS ~~f~~~' 
@ +25°C and nominal power supplyvoltage of ±15 V unless otherwise 


Model 


ANALOG 
INPUT 
Voltage Range 
Overvoltage, no damage 
Impedance 


DIGITAL 
INPUT 
(TTL Compatible) 


Track Mode, Logic "1" 
Hold Mode, Logic "0" 
Logic «I" Current 
Logic "0" Current 


ANALOG 
OUTPUT 
Voltage 


Current 
Shoct Circuit 
Current 
Impedance 


DC ACCURACY/STABILITY 
Gain 
Gain Error 
Gain Nonlinearity 
(± 10V Output Track) 


Gain Temperature 
Coefficient 
Offset Voltage 
Output Offset@Tmin, 
T max (Track) 


TRACK MODE DYNAMICS 
Frequency Response 
Small Signal (- 
3d B) 


Full Power Bandwidth 
Slew Rate 
Noise in Track Mode, dc to 1.0MHz 


TRACK- TO-HOLD 
SWITCHING 
Aperture Time 
Aperture 
Uncertainty 
(Jitter) 


Offset Step (Pedestal) 


Pedestal with TemperalUre 
Switching Transient 
Amplitude 
Settling to ImV 
Settling to O.3mV 


HOLD 
MODE DYNAMICS 
Droop Rate 
Droop Rate at T max 
Feedthrough 
Rejection (I OVp-p @ 20kHz) 


HOLD-TO- 
TRACK 
DYNAMICS 
Acquisition 
Time to ±0.01%of20V 
Acquisition 
Time to ± 0.003% of20V 


POWER REQUIREMENTS 
Nominal Voltages for Rated Performance 
Operating 
Range' 
Power Supply Rejection 
Supply Current 
+Vs 
-Vs 


Power Dissipation 


TEMPERATURE 
RANGE 
Operating 
Storage 


THERMAL 
RESISTANCE 
Junction to Air, aJA (free air) 


Junction 
to Case, eJC 


VN 
% 


% 
ppmrc 
mV 
mV 


MHz 
MHz 
V/JJ.s 
JJ.Vrms 


NOTES 
'Operating 
to derated 
perfonnance 
with IV INI < IVs-5VI. 
·Spc:d'h:atiuns!)alllc as AD389KD. 
Specifications 
subject to change without 
norice. 


±lOmin 
± 15max 
3000 


2t05.5V 
OtoO.8V 
20 (max) 
- 360 (max) 


±IOmin 
3 
20 
I 


-1.00 
± 0.01 (± 0.02 max) 
±O.OOI 
I (5max) 
± 3 max, adjustable 
to zero 
* 
±6 


30 
0.4 


±2(4max) 
±4 


200 
0.5(2max) 
1.0(3 max) 


0.1 (I max) 
lOmax 
86 (74 min) 


1.5(3 max) 
2.5 (5 max) 


± 15(±3%) 
±lIto 
±18 
100 


15 (20max) 
-4(lOmax) 
300 (500 max) 


V'N (laV/DIV) 


VOUT (laV/DIV) 


T/H 
TRACK 


CONTROL 
HOLD 


Figure la. Acquisition Time after 100,.,.sin the Hold 
Mode. The AD389 shows No "Thermal Tail." 
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Figure 3. Pedestal vs. Input 
Voltage 
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Figure 2. Acquisition 
Time vs. 


Temperature 
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(laV/DIV) 


VOUT (laV/DIV) 


T/H 
HOLD 
CONTROL TRACK 


Figure lb. 
Typical Thermal Tail and Acquisition 
Time 
of Other l2-Bit TIHs Make Them Unsuitable for High 
Resolution Applications 
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Figure 4. Droop Rate vs. 
Temperature 
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Figure 6. Pedestal vs. Load 
Capacitor 


OFFSET ADJUST 
TRIM 
In most data acquisition systems only one offset adjustment 
is 


made. In many cases it is the offset adjust of the ADC that is 
used to cancel all other accumulated 
system offsets. The offset 


or pedestal of the AD389 can be nulled by means of SkO poten- 
tiometer between pins 7, 9, and 11. If the offset of the AD 389 
is not adjusted, then connect pins 7 and 9 to pin 14, the negative 
supply. Otherwise the high impedance of the null pin together 
with parasitic capacitances can cause tail effects. 


pms which are not connected together within the device. These 
"grounds" 
are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), 
and Analog Signal 
Ground. These grounds must be tied together at one point, 
preferably as close to the A-to-D converter as possible. Ideally, 
a single solid ground would be desirable. However, since current 
flows through the ground wires and etch stripes of the circuit 
cards, and since these paths have resistance and inductance, 
hundreds of millivolts can be generated between the system 
ground point and the ground pins of the AD389. Separate ground 
returns should be provided to minimize the current flow in the 
path from sensitive points to the system ground point. In this 
way supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement 
errors. 


DECOUPLING 
The AD389 can only settle accurately and fast if the power 
supplies do not change during transients. Therefore, it is necessary 
to put O.lfJoFdecoupling capacitors right between the supply 
and analog ground pins and to have IOfJoFtantalum caps close 
by. 


speed AiD converter allows accurate digitization of high frequency 
signals and high throughput 
rates in multichannel 
data acquisition 
systems. Figure 9 shows the use of an AD389 with the AD376. 


CLEANLINESS, 
LEAKAGE AND DROOP 
Track-and-hold 
amplifiers usually have one or more internal 
nodes which operate with extremely high impedances in the 
hold mode. Parasitic leakage at these nodes can degrade the 
part's droop rate, and ac signals coupled in through parasitic 
capacitance can introduce noise onto the held output. 
One such 
dc leakage path can be produced by the residual oils left on the 
package after it has been handled with bare fmgers. Most normal 
board cleaning and flux removal procedures will remove these 
contaminants. 
For best results finger cots should be used when 
handling the AD389. 
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FEATURES 
Suitable 
for 12-Bit Applications 
High Sample/Hold 
Current 
Ratio: 
107 


Low Acquisition 
Time: 
6jLs to 0.1% 
Low Charge 
Transfer: 
<2pC 
High Input 
Impedance 
in Sample-and-Hold 
Modes 
Connect 
in Any Op Amp 
Configuration 
Differential 
Logic 
Inputs 
MIL-STD-883 
Compliant 
Versions 
Available 


PRODUCT DESCRIPTION 
The ADS82 is a low-cost integrated circuit sample-and-hold 
amplifier consisting of a high performance operational ampli- 
fier, a low leakage analog switch and a JFET integrating ampli- 
fier - all fabricated on a single monolithic chip. An external 
holding capacitor, connected to the device, completes the 
sample-and-hold function. 


With the analog switch closed, the ADS82 functions like a stan- 
dard op amp; any feedback network may be connected around 
the device to control gain and frequency response. With the 
switch open, the capacitor holds the output at its last level, 
regardless of input voltage. 


Typical applications for the ADS82 include sampled data sys- 
tems, Df A deglitchers, analog de-multiplexers, 
auto null systems, 


strobed measurement systems and A/D speed enhancement. 


The device is available in two versions: the "K" specified for 
operation over the 0 to +70oC commercial temperature 
range 
and the "5" specified over the extended temperature 
range, 
-SSoC to +12SoC. All versions may be obtained in either the 
hermetic sealed, TO-IOO can or the TO-116 DIP. 


PRODUCT HIGHLIGHTS 
1. The specially designed input stage presents a high impedance 
to the signal source in both sample and hold modes (up to 
±12V). Even with signal levels up to ±VS, no undesirable 
signal inversion, peaking or loss of hold voltage occurs. 


2. The ADS82 may be connected in any standard op amp con- 


figuration to control gain or frequency response and provide 
signal inversion, etc. 


Sample-and-HOId 
AmpliTier 


AD582 
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3. The ADS82 offers a high, sample-to-hold current ratio: 107. 


The ratio of the available charging current to the holding 
leakage current is often used as a figure of merit for a sam- 
ple and hold circuit. 


4. The ADS82 has a typical charge transfer less than 2pC. A 
low charge transfer produces less offset error and permits 
the use of smaller hold capacitors for faster signal acquisition. 


S. The ADS82 provides separate analog and digital grounds, 
thus improving the device's immunity to ground and switch- 
ing transients. 


6. The ADS82 is available in versions compliant with MIL- 


STD-88 3. Refer to the Analog Devices Military Products 
Databook or current ADS821883B data sheet for detailed 
specifications. 


AD582 -SPECIFICATIONS 
(typical @ +25"1:, Vs = ±15V and CH = 1000pF,A = +1 unless otherwise specified) 


SAMPLE/HOLD 
CHARACTERISTICS 
Acquisition 
Time, 
IOV Step 
to 0.1%, 
CH = lOOpF 
Acquisition 
Time, 
IOV Step 
to 0.01%, 
CH = lOOOpF 


Aperture 
Delay, 
20V p-p Input, 


Hold OV 
Aperture 
Jitter, 
20V p-p Input, 
Hold 
OV 
Settling 
Time, 
20V p-p Input, 


Hold OV. to 0.01% 


Droop 
Current, 
Steady 
State, 
±10VOUT 
Droop 
Current, 
Tmin to Tmax 


Charge Transfer 
Sample 
to Hold Offset 
Feedthrough 
Capacitance 
20Y pop. 10kHz 
Input 


TRANSFER 
CHARACTERISTICS 
Open 
Loop Gain 
YOUT 
= 20Y pop. RL = 2k 


Common 
Mode Rejection 
VCM = 20V pop 
Small 
Signal 
Gain Bandwidth 


VOUT = IOOmV 
pop. CH = IOOpF 
Full Power 
Bandwidth 
VOUT = 20V pop. CH = 100pF 
Slew Rate 
VOUT = 20V 
pop. CH = lOOpF 
Output 
Resistance 
Hold Mode, 
lOUT = ±SmA 
Linearity 


VOUT = 20V pop. RL = 2k 
Output 
Short 
Circuit 
Current 


ANALOG 
INPUT 
CHARACTERISTICS 
Offset 
Voltage 
Offset 
Voltage. 
Tmm to Tmax 
Bias Current 
Offset 
Current 
Offset 
Current, 
Tmin to Tmax 


Input 
Capacitance, 
f = IMHz 
Input 
Resistane~, 
Sampl~ or Hold 
20V pop Input. 
A = + I 
Absolut~ 
Max Diff Input 
Voltag~ 
Absolut~ 
Max Input 
Voltag~, 
Eith~r 
Input 


DIGITAL 
INPUT 
CHARACTERISTICS 
+Logie Input 
Voltag~ 
Hold Mod~, Tmin to Tmax• -Logic 
@ OV 
Sample 
Mod~, Tmin to Tmax• ·Logie @OV 
+Logic Input 
Curr~nt 
Hold Mode, 
+Logic@ 
+SV, -Logic 
@ OV 
Sampl~ Mod~, +Logic 
@ OV. -Logic 
@ OV 


-Logic 
Input 
curr~nt 
Hold 
Mode. 
+Logic@ 
+5V. -Logic@ 
OV 
Sampl~ Mod~, +Logic@OV,-Logic@OV 
Absolut~ 
Max Diff Input 
Voltag~. 
+L to-L 
Absolut~ 
Max Input 
Voltage, 
Eith~r 
Input 


POWER 
SUPPLY 
CHARACTERISTICS 
Op~rating 
Voltag~ 
Rang~ 
Supply 
Curr~nt, 
RL = 
00 
Pow~r Supply 
R~j~ction, 


6.VS = SV, Sampl~ Mod~ (see next pag~) 


TEMPERATURE 
RANGE 
Specified 
P~rformane~ 
Op~rating 
Storag~ 
L~ad T~mp~rature 
(Sold~ring, 
15 see) 


PACKAGE 
OPTION'·> 


TO-IOO 
(H-IOA) 
TO-1l6 
(0-14) 


0.51's 
lOOpA max 
InA 
5pC max (l.SpC 
typ) 


0.5mV 


6mV max (2mV 
typ) 
4mV 
31'A max 
(l.SI'A 
typ) 


300nA 
max 
(75nA 
typ) 
100nA 
2pF 


30Mn 
30V 
±VS 


241'A 
41'A 
+15V/-6V 


±VS 


o to +70oc 
-2Soc 
to +8Soc 
_65°C to +IS0°c 


+ 300°C 


NOTES 
·Specifications same as A0582K. 
10 = Ceramic DIP; H = Hermetic Metal Can. For outline information see Package Information section. 
lFor ADS82/8838 specifications, ~fer to Analog DevicesMilitary Products Datmook. 
Specifications subject to change without notice. 


APPLYING THE AD582 
Both the inverting and non-inverting inputs are brought out to 
allow op amp type versatility in connecting and using the 
AD582. Figure I shows the basic non-inverting unity gain con- 
nection requiring only an external hold capacitor and the usual 
power supply bypass capacitors. An offset null pot can be 
added for more critical applications. 


HOLD 
ovI+5V 


SAMPLE 


rlOV 
SIGNAL 


'=ANAlOG 
GND 


Figure 2 shows a non-inverting configuration where voltage 
gain, Av, is set by a pair of external resistors. Frequency shap- 
ing or non-linear networks can also be used for special applica- 
tions. 


HOLD 
avI+5V 


SAMPLE 


The hold capacitor, CH, should be a high quality polystyrene 
(for temperatures 
below +85 


0 C) or Teflon type with low 


dielectric absorption. 
For high speed, limited accuracy applica- 
tions, capacitors as small as 100pF may be used. Larger values 
are required for accuracies of 12 bits and above in order to 
minimize feedthrough, 
sample to hold offset and droop errors 
(see Figure 6). Care should be taken in the circuit layout to 
minimize coupling between the hold capacitor and the digital 
or signal inputs. 


In the hold mode, the output voltage will follow any change 
in the -vs supply. Consequently, 
this supply should be well 
regulated and filtered. 


Biasing the +Logic Input anywhere between -6V to +O.8Vwith 
respect to the -Logic will set the sample mode. The hold mode 
will result from any bias between +2.0V and (+Vs - 3V). The 
sample and hold modes will be controlled differentially 
with 
4 


the absolute voltage at either logic input ranging from -vs to 
within 3V of +Vs (Vs - 3V). Figure 3 illustrates some examples 
of the flexibility of this feature. 


! 
LOGIC INPUT 


Aperture 
Delay is the time required after the "hold" command 
until the switch is fully open and produces a delay in the effec- 
tive sample timing. Figure 5 is a plot giving the maximum fre- 
quency at which the AD582 can sample an input with a given 
accuracy (lower curve). 


Aperture 
Jitter is the uncertainty 
in Aperture Time. The 
Aperture Time can be eliminated by advancing the sample- 
to-hold command 200ns with respect to the input signal. The 
Aperture Jitter now determines the maximum sampling fre- 
quency (upper curve of Figure 5). 


Acquisition 
Time is the time required by the device to reach its 


final value within a given error band after the sample command 
has been given. This includes switch delay time, slewing time 
and settling time for a given output voltage change. 


Droop is the change in the output voltage from the "held" 
value as a result of device leakage. In the AD582, droop can 
be in either the positive or negative direction. 
Droop rate may 
be calculated from droop current using the following formula: 


tN (Volts/see) = 
I(pA) 
liT 
CH(pF) 


(See also Figure 6.) 


Feedtbrougb 
is that component of the output which follows 
the input signal after the switch is open. As a percentage of the 
input, feedthrough 
is determined as the ratio of the feed- 
through capacitance to the hold capacitance (CF/CH). 


Sample-to-Hold 
Offset is an output shift or step caused by 
charge injection into the hold capacitor as the device is 
switched from sample to hold. The charge transfer generates 
a sample-to-hold offset where: 


SIH Offset (V) = Charge (pC) 
CH (pF) 


This offset also has a dc component as shown in Figure 6. 
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Figure 5. Maximum Frequency of Input Signal for ULSB 
Sampling Accuracy 
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Figure 6. Samp/e-and-Hold Performance asa Function of 
Hold Capacitance 
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FEATURES 
High Sample-to-Hold 
Current 
Ratio: 106 


High Slew Rate: 5V/p.s 
High Bandwidth: 
2MHz 
Low Aperture 
Time: 50ns 
Low Charge Transfer: 
10pC 
DTL/TTL 
Compatible 
May Be Used as Gated Op Amp 


PRODUCTION 
DESCRIPTION 
The AD583 is a monolithic 
sample-and 
hold circuit consisting 
of a high performance 
operational 
amplifier in series with a 
low leakage analog switch and unity. gain amplifier. 
An exter- 
nal hold capacitor, 
connected 
to the switch output, 
completes 
the sample-and-hold 
or track-and-hold 
function. 


With the analog switch closed, the AD583 functions 
like a stan- 
dard op amp; any feedback 
network 
may be connected 
around 
the device to control gain and frequency 
response. With the 
switch open the capacitor 
holds the output 
at its previous level. 


The AD583 may also be used as a versatile operational 
ampli- 
fier with a gated output 
for applications 
such as analog switches, 
peak holding circuits, etc. 


Sample-and-Hold 
Amplifier 


AD583 
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PRODUCT HIGHLIGHTS 
1. Sample-and-hold 
operation 
is obtained 
with the addition 
of 
one external 
capacitor. 


2. Low charge transfer 
(lOpe) 
and high sample-to-hold 
current 
ratio insure accurate 
tracking. 


3. Any gain or frequency 
response is available using standard 
op amp feedback 
networks. 


4. High slew rate and low aperture 
time permit sampling of 
rapidly changing signals. 


5. Output, 
gated through 
a low leakage analog switch, also 
makes the AD583 useful for applications 
such as analog 
switches, peak holding circuits, etc. 


SPECIFICATIONS 
(typical @+25°C, 
hold capacitor 
of 1000pF and ±15V dc unless otherwise specified) 


MODEL 


OPEN LOOP GAIN 
RL = 2k.l1, Tmin to Tmax 


OUTPUT VOLTAGE SWING 
RL = 2k.l1, Tmin to Tmax 


OUTPUT CURRENT 


OUTPUT RESISTANCE 


OFFSET 
VOLTAGE 
Tmin to Tmax 
BIAS CURRENT 
Tmin to Tmax 


OFFSET 
CURRENT 
TmiD to Tmax 


INPUT RESISTANCE 


COMMON MODE RANGE 


COMMON MODE REJECTION 
Tmin to Tmax 


GAIN BANDWIDTH PRODUCT 


SLEW RATE 
Av = +1, RL = 2kU, CL = SOpF, 
Vout = ±10V p-p 


RISE TIME 


Av = +1, RL = 2k.l1, CL = SOpF, 


Vout = 400m V p-p 


OVERSHOOT 
Av = +1, RL = 2k.l1, CL = SOpF, 
Vout = 400m V p-p 


DIGITAL INPUT CURRENT 
Vin = 0. Tmin to Tmax 
Vin = +S.OV, Tmin to Tmax 


DIGITAL INPUT VOLTAGE 
Low Tmin to Tmax 
High Tmin to Tmax 


ACQUISITION 
TIME 
Av = +1, RL = 2k.l1, CL = 50pF 
to 0.1 % of final value: 
to 0.01 % of final value: 


APERTURE 
TIME 


APERTURE 
JITTER 


DRIFT CURRENT' 
Tmin to Troax 
CHARGE TRANSFER 


SUPPLY CURRENT 


POWER SUPPLY REjECTION2 


OPERATING 
TEMP 


STORAGE TEMP 


PACKAGE OPTION3 


0-14 


ADS83KD 


25k min (50k typ) 


S.I1 


6mV max (3mV typ) 
8mV max (4mV typ) 


200nA max (SOnA typ) 
400nA max 


SOnA max (lOnA typ) 
100nA max 


5M.I1min (lOM.I1 typ) 


±10V min 


2MHz 


5V Ip-s 


0.8mA max (Logic "Sample") 
20JlA max (Logic "Hold") 


0.8V max 
2.0V min 


4Jls 
SJls 
SOns 


SOpA max (SpA typ) 
1.0nA max (O.OSnA typ) 


20pC max (lOpC typ) 


5.0mA max (2.5mA typ) 


74dB min (90dB typ) 
o to +70°C 


-6SoC to +1S0oC 


NOTES 
~Voltage on hold is zero. 
Sample mode only. 


3 D = Ceramic DIP. For outline information see Package 
Information section. 
Specifications 
subject to change without notice. 


Voltage between V+ and 
V-Terminals 
Differential 
Input Voltage 
Digital Voltage (Pin 14) 
Output 
Current 
Internal Power Dissipation 


40V 
±30V 
+8V, -1SV 
Short Circuit Protected 
30rnW (Derate power 
dissipation 
by 4.3mWtC 
above +lSOoC ambient 
temperature) 
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FEATURES 
3.0•.•.s Acquisition Time to ±0.01% max 
Low Droop Rate: 1.0mV/ms max 
Sample/Hold Offset Step: 3mV max 
Aperture Jitter: O.Sns 
Extended Temperature Range: -SS·C to + 12S·C 
Internal Hold Capacitor 
Internal Application Resistors 
±12V or ± 1SV Operation 
Available in Surface Mount 


APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay 8t Storage 
Peak Amplitude Measurements 
MIL-STD-883 Compliant Versions Available 


PRODUCT 
DESCRIPTION 
The ADS8S is a complete monolithic sample-and-hold 
circuit 
consisting of a high performance operational amplifier in series 
with an ultralow leakage analog switch and a FET input integrating 
amplifier. An internal holding capacitor and matched applications 
resistors have been provided for high precision and applications 
flexibility. 


The performance 
of the ADS8S makes it ideal for high speed 
10- and l2-bit data acquisition systems, where fast acquisition 
time, low sample-to-hold 
offset, and low droop are critical. The 
ADS8S can acquire a signal to ±0.01% 
in 3f.Lsmaximum, 
and 
then hold that signal with a maximum sample-to-hold offset of 
3mV and less than lmV/ms droop, using the on-chip hold 
capacitor. If lower droop is required, 
it is possible to add a 
larger external hold capacitor. 


The high-speed analog switch used in the ADS8S exhibits aperture 
jitter of O.Sns, enabling the device to sample full-scale (20V 
peak-to-peak) signals at frequencies up to 78kHz with l2-bit 
precision. 


The ADS8S can be used with any user-defined feedback network 
to provide any desired gain in the sample mode. On-chip precision 
thin-film resistors can be used to provide gains of + I, - I, or 
+2. Output impedance in the hold mode is sufficiently low to 
maintain an accurate output signal even when driving the dynamic 
load presented by a successive-approximation 
AiD converter. 


However, the output is protected against damage from accidental 
short circuits. 


High Speed, Precision 
Sample-and-Hold 
Amplifier 


AD585 
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The control signal for the HOLD command can be either 
active high or active low. The differential HOLD 
signal is com- 
patible with all logic families, if a suitable reference level is 
provided. An on-chip TTL reference level is provided for TTL 
compatibility . 


The ADS8S is available in three performance 
grades. The JP 
grade is specified for the 0 to + 70·C commercial temperature 
range and packaged in a 20-pin PLCC. The AQ grade is specified 
for the - 2S·C to + 8S·C industrial temperature 
range and is 
packaged in a 14-pin cerdip. The SQ and SE grades are specified 
for the - SS·C to + 12S·C military temperature 
range and are 
packaged in a 14-pin cerdip and 20-pin LCC. 


• 


PRODUCT HIGHLIGHTS 
1. The fast acquisition time (3f.Ls)and low aperture jitter (O.Sns) 


make it the first choice for very high speed data acquisition 
systems. 


2. The droop rate is only LOrnV/ms so that it may be used in 
slower high accuracy systems without the loss of accuracy. 


3. The low charge transfer of the analog switch keeps sample-to- 


hold offset below 3mV with the on-chip l00pF hold capacitor, 
eliminating the trade-off between acquisition time and SIH 
offset required with other SHAs. 


4. The ADS8S has internal pretrimmed 
application resistors for 
applications versatility. 


S. The ADS8S is complete with an internal hold capacitor for 
ease of use. Capacitance can be added externally to reduce 
the droop rate when long hold times and high accuracy are 
required. 


6. The ADS8S is recommended 
for use with 10- and 12-bit 
successive-approximation 
AiD converters such as ADS73, 


ADS74A, AD674A, AD7Sn 
and AD7672. 


7. The ADS8S is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current ADS8S/883B data sheet for detailed specifications. 


MOdel 
MiD 
Typ 
Max 
MiD 
Typ 
Mal[ 
MiD 
Typ 
Mal[ 
Uaits 


SAMPLElHOLDCHARACTERISTICS 
Acquisition 
Time, 
IOVSteptoO.OI% 
3 
3 
3 
.,.s 


20VSteptoO.Ol% 
5 
5 
5 
.,.s 


Aperture 
Time, 
20V p-p Input, 


HOLDOV 
35 
35 
35 
ns 


ApertUre 
Jiner, 
20V p-p Input, 


HOLDOV 
0.5 
0.5 
0.5 
ns 


Settling 
Time, 
20V pop Input, 


HOLDOV, 
toO.OI% 
0.5 
0.5 
0.5 
.... 


Droop 
Rate 
I 
I 
1 
mV/ms 


Droop 
Rate T minto T mu 
Doubles 
Every 1000C 
Doubles 
Every IO'C 
Doubles 
Every 1O"C 


Charge Transfer 
0.3 
0.3 
0.3 
pC 


Sample-to-Hold 
Offset 
-3 
3 
-3 
3 
-3 
3 
mV 


Feedthrough 


20V pop, 10kHz Input 
0.5 
0.5 
0.5 
mV 


TRANSFER 
CHARACTERISTICS' 


Open Loop Gain 


VOUT = 20Vp-p,RL 
= 2k 
200,000 
200.000 
200,000 
VN 


Application 
Resistor 
Mismatch 
0.3 
0.3 
0.3 
% 
Common 
Mode Rejection 


VCM = ± IOV 
80 
80 
80 
dB 
Small Signal Gain Bandwidth 


VOUT = lOOmVp-p 
2.0 
2.0 
2.0 
MHz 


Full Power Bandwidth 


VOUT = 20V pop 
160 
160 
160 
kHz 


Slew Rate 
V OUT = 20V pop 
10 
10 
10 
Vi ••.• 
Output 
ResiSlance(Sample 
Mode) 


lOUT = ::tIOmA 
0.05 
0.05 
0.05 
11 
Output 
Short Circuit Current 
50 
50 
50 
mA 


Output 
Short Circuit 
Duration 
Indefmite 
Indefmite 
Indefmite 


ANALOG 
INPUT 
CHARACTERISTICS 


Offset Voltage 
5 
2 
2 
mV 
Offset Voltage, 
T mintoT mu 
6 
3 
3 
mV 
Bias Current 
2 
2 
2 
nA 


Bias Current 
T minto T mu 
5 
5 
20 
SO' 
nA 


Input Capacitance, 
f = IMHz 
10 
10 
10 
pF 
Input Resistance, 
Sample or Hold 


20V pop Input, 
A = + 1 
10" 
1012 
lOll 
11 


DIGITAL 
INPUT 
CHARACTERISTICS 
TIL Reference 
Output 
1.2 
1.4 
1.6 
1.2 
1.4 
1.6 
1.2 
1.4 
1.6 
V 


Logic Input 
High Voltage 


TmintoTmall 
2.0 
2.0 
2.0 
V 
Logic Input 
Low Voltage 


TmintoTmall 
0.8 
0.8 
0.7 
V 
Logic Input 
Current 
(Either 
Input) 
SO 
SO 
SO 
.,.A 


POWER 
SUPPLY 
CHARACTERISTICS 
Operating 
Voltage Range 
+5, 
-10.8 
:t 18 
+ 5, -10.8 
± 18 
+5, 
-10.8 
±18 
V 
Supply Current, 
RL = 00 
6 
10 
6 
10 
6 
10 
mA 
Power Supply 
Rejection, 
Sample Mode 
70 
70 
70 
dB 


TEMPERATURE 
RANGE 
Specified 
Performance 
0 
+70 
-25 
+g5 
- 55 
+ 125 
"C 


PACKAGE 
OPTIONS'" 


Cerdip(Q-14) 
AD585AQ 
AD585SQ 
LCC(E-20A) 
AD585SE 
PLCC (P-20A) 
AD585JP 


PRICES(lOOs) 
9.15 
9.90 
26.85(SQ) 
$ 
30.08 (SE) 


NOTES 
IMaximum input signal is the minimum supply minus a headroom voltage 
of 2.5V. 
lNot tested at - SSOC. 
)E = Lcad1ess Ceramic Chip Carrier; P = Plastic Leaded Chip Carrier; Q = Cerdip. 
4For ADS8SI883B specifications, refer to AnalOi Devices Military Products Oatabook. 
Specifications subject to change without notice. 


Specifications shown in t:wJldfaceare tested on aU production units at fmal 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in t:wJldfaceare tested on all production units. 


ABSOLUTE MAXIMUM RATINGS 


Supplies (+ Vs, - Vs) 
Logic Inputs 
Analog Inputs 
. . . . 


RtN, RFB Pins 
.... 


Storage Temperature 
Lead Temperature 
(Soldering) 
Output 
Short Circuit to Ground 
TTL Logic Reference Short 
Circuit to Ground 


±18V 
±Vs 


. ±Vs 
. ±Vs 
-65°C 
to + 150°C 
300°C 
Indeftnite 
Indeftnite 


Figure 
1. Sample-to-Hold 
Offset 
vs. Logic 
Level 
(HOLD Active) 
/ 


• 


Figure 2. Acquisition 
Time vs. Hold 
Capacitance 
(70V Step to 0.01%) 


Figure 
6. 
Connection 
Diagram, 


Gain = + 1, HOLD Active 


SIGNAL 
SM 


INl'UT 
OUTPUT 
L---, 
vOU• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'?' 
I 


:f~l 


••.••• 
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Figure 
7. 
Connection 
Diagram, 


Gain 
= +2, HOLD Active 
Figure 
8. 
Connection 
Diagram, 


Gain 
= - 1, HOLD Active 


SAMPLED DATA SYSTEMS 
In sampled data systems there are a number of limiting factors 
in digitizing high frequency signals accurately. Figure 9 shows 
pictorially the sample-and-hold errors that are the limiting factors. 
In the following discussions of error sources the errors will be 
divided into the following groups: I. Sample-to-Hold Transition, 
2. Hold Mode and 3. Hold-to-Sample Transition. 


SAMPLE- TO-HOLD 
TRANSITION 
The aperture delay time is the time required for the sample-and- 
hold amplifier to switch from sample to hold. Since this is effec- 
tively a constant then it may be tuned out. If however, the 
aperture delay time is not accounted for then errors of the mag- 
nitude as shown in Figure 10 will result. 


/ 
V 


~~AEDELAV 
- 
V 


115 ••• ) 
" 


~ 
/ 


To eliminate the aperture delay as an error source the sample-to- 
hold command may be advanced with respect to the input 
signal. 


Once the aperture delay time has been eliminated as an error 
source then the aperture jitter which is the variation in aperture 
delay time from sample-to-sample remains. The aperture jitter is 
a true error source and must be considered. The aperture jitter 
is a result of noise within the switching network which modulates 
the phase of the hold command and is manifested in the variations 
in the value of the analog input that has been held. The aperture 
error which results from this jitter is directly related to the 
dV/dT of the analog input. 


The error due to aperture jitter is easily calculated as shown 
below. The error calculation takes into account the desired 
accuracy corresponding to the resolution of the N-bit AID 
converter. 


2-(N+ I) 


Fmax = 
7T (Aperture Jitter) 


For an application with a IO-bit AID converter with a 10V full 
scale to a I12LSB error maximum. 


2 -(10+ I) 


7T (0.5 x 10-9) 


Fmax 
31O.8kHz. 


For an application with a 12-bit AID converter with a 10V full 
scale to a 1/2LSB error maximum: 


2-(12+1) 


7T (0.5 x 10-9) 


77.7kHz. 


Figure II shows the entire range of errors induced by aperture 
jitter with respect to the input signal frequency. 
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Figure 
11. Aperture 
Jitter 
Error 
V5. Frequency 


Sample-to-hold offset is caused by the transfer of charge to the 
holding capacitor via the gate capacitance of the switch when 
switching into hold. Since the gate capacitance couples the 
switch-control voltage applied to the gate on to the hold capacitor, 
the resulting sample-to-hold offset is a function of the logic 
level. 


The logic inputs were designed for application flexibility and, 
therefore, a wide range of logic thresholds. This was achieved 
by using a differential input stage for HOLD and HOLD. 
Figure I shows the change in the sample-to-hold offset voltage 
based upon an independently programmed reference voltage. 
Since the input stage is a differential configuration, the offset 
voltage is a function of the control voltage range around the 
programmed threshold voltage. 


The sample-to-hold offset can be reduced by adding capacitance 
to the internal lOOpFcapacitor and by using HOLD instead of 
HOLD. This may be easily accomplished by adding an external 
capacitor between Pins 7 and 8. The sample-to-hold offset is 
then governed by the relationship: 


S/H Offset (V) = 
Charge (pC) 
CH Total (pF) 


For the AD585 in particular it becomes: 


S/H Offset (V) = lOO~t f(CEXT) 


1ne aOOltlOn or an eXternal nOia capaCllur alSU allt:(';l~ uu: cu.;- 
quisition time of the AD585. The change in acquisition time 
with respect to the CEXTis shown graphically in Figure 2. 


HOLD 
MODE 
In the hold mode there are two important 
specifications that 
must be considered; feedthrough and the droop rate. Feedthrough 
errors appear as an attenuated 
version of the input at the output 
while in the hold mode. Hold-Mode feedthrough varies with 
frequency, increasing at higher frequencies. 
Feedthrough 
is an 
important 
specification when a sample and hold follows an 
analog multiplexer that switches among many different 
channels. 


Hold-mode droop rate is the change in output voltage per unit 
of time while in the hold mode. Hold mode droop originates as 
leakage from the hold capacitor, of which the major leakage 
current contributors 
are switch leakage current and bias current. 


The rate of voltage change on the capacitor dVIdT is the ratio 
of the total leakage current IL to the hold capacitance CH• 


dVOUT 
IL(pA) 


Droop Rate = ~ 
(Volts/Sec) - CH(pF) 


For the AD585 in particular; 


_ 
IOOpA 
Droop Rate - 
IOOpF + (CEXT) 


Additionally the leakage current doubles for every lOoCincrease 
in temperature 
above 25°C; therefore, 
the hold-mode droop rate 
characteristic will also double in the same fashion. The hold-mode 
droop rate can be traded-off with acquisition time to provide the 
best combination of droop error and acquisition time. The tradeoff 
is easily accomplished by varying the value of CEXT' 


Since a sample and hold is used typically in combination with 
an AID converter, 
then the total droop in the output voltage has 


to be less than 1I2LSB during the period of a conversion. The 
maximum allowable signal change on the input of an AID converter 
is: 


/1V max = Full Scale Voltage 
2(N+l) 


Once the maximum /1V is determined 
then the conversion time 
of the AID converter (T CONV)is required to calculate the maximum 
allowable dV/dT. 


dV max 
/1V max 
-d-t-- 
= TCONV 


Th 
. 
dV max 
h 
b 
h' 
.. 
e maximum ---ar- as sown 
y t e prevIOus equation 
IS 


the limit not only at 25°C but at the maximum expected operating 
temperature 
range. Therefore, 
over the operating temperature 
range the following criteria must be met (TOPERATION-25°C) 
/1T. 


dV 25°C 
~ 


(HOC) 


2 Io'C 
dV max 


x 
"'--.rr- 


The Nyquist theorem states that a band-limited 
signal which is 
sampled at a rate at least twice the maximum signal frequency 
can be reconstructed 
without loss of information. 
This means 
that a sampled data system must sample, convert and acquire 
the next point at a rate at least twice the signal frequency. 
Thus 
the maximum input frequency is equal to 


f 
- 
I 
MAX - 2(TACQ + TCONV + TAP) 


Where T ACQis the acquisition time of the sample-to-hold 
amplifier, TAP is the maximum aperture time (small enough to 
be ignored) and TCONYis the conversion time of the AID 
converter. 


DATA ACQUISITION 
SYSTEMS 
The fast acquisition time of the AD585 when used with a high 
speed AID converter allows accurate digitization of high frequency 
signals and high throughput 
rates in multichannel data acquisition 
4 


systems. The AD585 can be used with a number of different 
AID converters to achieve high throughput 
rates. Figures 12 
and 13 show the use of an AD585 with the AD578 and 
AD574A. 


Figure 
12. AID Conversion 
System, 
117.6kHz 
Throughput 
58.8kHz max 
Signal 
Input 


Figure 
13. 12 Bit AID Conversion 
System, 
26.3kHz 
Throughput 
Rate, 
13. 1kHz max 
Signal 
Input 


LOGIC INPUT 
The sample-and-hold logic control was designed for versatile 
logic interfacing. The HOLD and HOLD inputs may be used 
with both low and high level CMOS, TTL and ECL logic systems. 
Logic threshold programmability was achieved by using a differ- 
ential amplifier as the input stage for the digital inputs. A pre- 
dictable logic threshold may be programmed by referencing 
either HOLD or HOLD to the appropriate threshold voltage. 
For example, if the internal lAV reference is applied to HOLD 
an input signal to HOLD between + 1.8V and + Vs will place 
the AD585 in the hold mode. The AD585 will go into the sample 
mode for this case when the input is between - Vs and + I.OV. 
The range of references which may be applied is from ( - Vs 
+4V) to (+Vs 
-3V). 


OPTIONAL 
CAPACITOR SELECTION 
If an additional capacitor is going to be used in conjunction 
with the internal IOOpFcapacitor it must have a low dielectric 
absorption. Dielectric absorption is just that; it is the charge 
absorbed into the dielectric that is not immediately added to or 
removed from the capacitor when rapidly charged or discharged. 
The capacitor with dielectric absorption is modeled in 
Figure 14. 


~~ 
Rx 
COA = to.A.I 
X tCI 


If the capacitor is charged slowly, COA will eventually charge to 
the same value as C. But unfortunately, good dielectrics have 
very high resistances, so while COA may be small, Rx is large 
and the time constant Rx COA typically runs into the millisecond 
range. In fast-charge, fast-discharge situations the effect of dielec- 
tric absorption resembles "memory". In a data acquisition system 
where many channels with widely varying data are being sampled 
the effect is to have an ever changing offset which appears as a 


very nonlinear sample-to-hold offset since the difference between 
the voltage being measured and the voltage previously measured 
determines the fraction by which the dielectric absorption figure 
is multiplied. It is impossible to readily correct for this error 
source. The only solution is to use a capacitor with dielectric 
absorption less than the maximum tolerable error. Capacitor 
types such as polystyrene, polypropylene or Teflon are 
recommended. 


GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD585. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause 
measurement 
errors. 


~ANALOG 
WDEVICES 
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FEATURES 
Two Matched Sample-and-Hold Amplifiers 
Fully Specified and Tested Hold Mode Distortion 
Acquisition Time to 0.01%: 700 ns Maximum 
Independent Inputs. Outputs and Control Pins 
Low Power Dissipation: 190 mW 
Low Droop Rate: 0.01 fJ.V/fJ.s 
Total Harmonic Distortion: -80 dB Maximum 
Aperture Jitter: 75 ps Maximum 
Internal Hold Capacitors 
Self-Correcting Architecture 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 
The AD682 is a two-channel high speed monolithic sample-and- 
hold amplifier (SHA). The AD682 guarantees a maximum 
acquisition time of 700 ns to 0.01% over temperature. 
Inter- 
channel characteristics are fully specified and tested. The 
AD682 is also specified and tested for hold mode total harmonic 
distortion and hold mode signal-to-noise and distortion. The 
AD682 is configured as two independent 
unity gain amplifiers. 
The AD682 uses a self-correcting architecture that minimizes 
hold mode errors and insures accuracy over temperature. 
The 
AD682 is self-contained and requires no external components or 
adjustments. 


The AD682 is ideal for systems demanding interchannel and 
hold mode characteristic requirements, 
such as in data acquisi- 
tion systems and in-phase (I) and quadrature 
(Q) modulated sys- 
tems. The independent 
inputs, outputs and controls allow 
maximum user configuration flexibility. The AD682 is ideal for 
12- and 14-bit high speed analog-to-digital converters. 


The AD682 is manufactured 
on a BiMOS process which merges 
high performance bipolar circuitry with low power CMOS to 
provide an accurate, high speed, low power SHA. 


The AD682 is specified for three temperature 
ranges. The J 
grade device is specified for operation from O°Cto 70°C, the A 
grade from -40°C to +85°C and the S grade from -55°C to 
+ 125°C. The J and A grades are available in 14-pin plastic 
DIPs. The S grade is available in a 14-pin cerdip package. 


Two-Channel 700 ns 


Sample-and-Hold Amplifier 


AD682* 
I 


• 


PRODUCT HIGHLIGHTS 
1. Fast acquisition time (700 ns) and low aperture jitter (75 ps) 


make the AD682 the best choice for multiple channel data 
acquisition systems. 


2. Monolithic construction insures excellent interchannel match- 


ing, while testing guarantees the fully specified performance. 


3. Independent 
inputs, outputs and sample-and-hold 
controls 
allow user flexibility. 


4. Low droop (0.01 J.LV/J.Ls)and internally compensated hold 
mode error results in superior system accuracy. 


5. Fully specified and tested hold mode distortion and signal-to- 


noise and distortion guarantees the AD682's performance in 
sampled data systems. 


6. The AD682's fast settling time and low output impedance 
make it ideal for driving high speed analog-to-digital convert- 
ers such as the AD578, AD674B, AD774B, AD7572 and the 
AD7672. 


7. The AD682 is available in versions compliant with MIL- 


STD-883. Refer to the Analog Devices Military Products 
Databook or current AD682/883B data sheet for detailed 
specifications. 


AD682-SPECIFICATIONS 


AD682J 
AD682A 
AD682S 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


SAMPLING CHARACTERISTICS 
Acquisition Time 
10 V Step to 0.01 % 
600 
700 
600 
700 
600 
700 
ns 
10 V Step to 0.1% 
500 
600 
500 
600 
500 
600 
ns 
Small Signal Bandwidth 
4 
4 
4 
MHz 
Full Power Bandwidth 
I 
I 
I 
MHz 


HOLD CHARACTERISTICS 
Effective Aperture Delay (25°C) 
-35 
-25 
-15 
-35 
-25 
-15 
-35 
-25 
-15 
ns 
Aperture Jitter (25°C) 
50 
75 
50 
75 
50 
75 
ps 
Hold Settling (to I mY, 25°C) 
250 
500 
250 
500 
250 
500 
ns 
Droop Rate 
0.01 
I 
0.01 
I 
om 
I 
~V/~s 
Feedthrough 
(25°C) 
(V'N = ±5 V, 100 kHz) 
-90 
-90 
-90 
dB 


ACCURACY CHARACTERISTICS' 
Hold Mode Offset 
-4 
-I 
+3 
-4 
-I 
+3 
-4 
-I 
+3 
mV 
Hold Mode Offset Drift 
10 
10 
10 
~vrc 
Sample Mode Offset 
50 
200 
50 
200 
50 
200 
mV 
Nonlinearity 
±0.002 
±0.003 
±0.002 
±0.003 
±0.003 
±0.005 
% FS 
Gain Error 
±0.03 
±0.05 
±0.03 
±0.05 
±0.03 
±0.05 
%FS 


OUTPUT 
CHARACTERISTICS 
Output Drive Current 
-5 
+5 
-5 
+5 
-5 
+5 
mA 
Output Resistance, DC 
0.3 
0.5 
0.3 
0.5 
0.3 
0.5 
II 
Total Output Noise 
(DC to 5 MHz) 
ISO 
ISO 
ISO 
~V rms 
Sampled DC Uncertainty 
85 
85 
85 
~V rms 
Hold Mode Noise 
(DC to 5 MHz) 
125 
125 
125 
i.1Vrms 
Short Circuit Current 
Source 
20 
20 
20 
mA 
Sink 
10 
10 
10 
mA 


INPUT CHARACTERISTICS 
Input Voltage Range 
-5 
+5 
-5 
+5 
-5 
+5 
V 
Bias Current 
100 
250 
100 
250 
100 
250 
nA 
Input Impedance 
50 
50 
50 
Mll 
Input Capacitance 
2 
2 
2 
pF 


DIGITAL CHARACTERISTICS 
Input Voltage Low 
0.8 
0.8 
0.8 
V 
Input Voltage High 
2.0 
2.0 
2.0 
V 
Input Current High (V'N = 5 V) 
2 
10 
2 
10 
2 
10 
~A 
POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range 
±1O.8 
±12 
±13.2 
±1O.8 
±12 
±13.2 
±1O.8 
±12 
± 13.2 
V 
Supply Current 
8 
12.5 
8 
12.5 
8 
13 
mA 


+PSRR (+12 V ± 10%) 
70 
80 
70 
80 
70 
80 
dB 
-PSRR 
(-12 
V ± 10%) 
65 
75 
65 
75 
65 
75 
dB 
Power Consumption 
190 
300 
190 
300 
190 
320 
mW 


TEMPERATURE 
RANGE 
Specified Performance 
0 
+70 
-40 
+85 
-55 
+ 125 
°C 


NOTE 


ISpecified 
and tested 
over an input range of ±5 V. 


Specifications 
subject 
to change 
without 
notice. 


AD682J 
AD682A 
AD682S 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


INTERCHANNEL 
ISOLATION 


(VIN = :t5 V, 100 kHz) 
90 
96 
90 
96 
90 
96 
dB 


INTERCHANNEL 
APERTURE 
OFFSET 
150 
300 
150 
300 
150 
300 
ps 


INTERCHANNEL 
OFFSET 
0.1 
1.5 
0.1 
1.5 
0.1 
1.5 
mV 


HOLD MODE AC SPECIFICATIONS 
(Tmin to Tmax' Vee = +12 
V ±10%, 
VEE = -12 
V ±10%. 
Cl = 20 pF, 


unless otherwise specified) 1 


AD682J 
AD682A 
AD682S 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


TOTAL 
HARMONIC 
DISTORTION 
FIN = 10 kHz 
-90 
-80 
-90 
-80 
-90 
-SO 
dB 


FIN = 50 kHz 
-73 
-73 
-73 
dB 
FIN = 100 kHz 
-68 
-68 
-68 
dB 


SIGNAL-TO-NOISE 
AND DISTORTION 


FIN = 10 kHz 
72 
78 
72 
78 
72 
78 
dB 
FIN = 50 kHz 
73 
73 
73 
dB 
FIN = 100 kHz 
67 
67 
67 
dB 


INTERMODULATION 
DISTORTION 
FIN1 = 49 kHz, FIN2 = 50 kHz 
2nd Order Products 
-77 
-77 
-77 
dB 
3rd Order Products 
-78 
-78 
-78 
dB 
• 


NOTE 


'FIN 
amplitude = 0 dB and FSAM1>LE = 500 kHz unless otherwise indicated. 
Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications 3re guaranteed although only those shown in boldface are tested. 


Specifications subject to change without notice. 
ORDERING 
GUIDE 


ABSOLUTE 
MAXIMUM 
RATINGS· 


With 
Spec 
Respect to 
Min 
Max 
Unit 


Vcc 
Common 
-0.3 
+15 
V 
VEE 
Common 
-15 
+0.3 
V 
Control Inputs 
Common 
-0.5 
+7 
V 
Analog Inputs 
Common 
-12 
+12 
V 
Output Short Circuit to 
Ground, Vcc, or VEE 
Indefinite 
Maximum Junction 
Temperature 
+ 175 
·C 
Storage 
-65 
+150 
·C 
Lead Temperature 


(10 sec max) 
+300 
·C 
Power Dissipation 
340 
mW 


.••.Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage (0 the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 


Package 
Package 
Modell 
Temperature 
Range 
Description 
Option' 


AD682JN 
O·C to +70·C 
14-Pin Plastic DIP 
N-14 
AD682AN 
-40°C to +8S·C 
14-Pin Plastic DIP 
N-14 
AD682SQ 
-55·C 
to + 125·C 
14-Pin Cerdip 
Q-14 


NOTES 
IPor details on grade and package offerings screened in accordance with 
M1L-STD-883, refer to the Analog Devices MiliIary Products Databook 
or current AD6821883B data sheet. 
'N = Plastic DIP; Q = Cerdip. For outline information see Package infor- 
mation section. 
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lNot to SCM) 


CAUTION 
_ 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. 
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Acquisition 
Time (to 0.01%) 


vs. Input Step Size 


DEFINITIONS 
OF SPECIFICATIONS 
Acquisition 
Time - The length of time that the SHA must re- 


main in the sample mode in order to acquire a full scale input 
step to a given level of accuracy. 


Small Signal Bandwidth - The frequency at which the held out- 
put amplitude is 3 dB below the input amplitude, under an in- 
put condition of a 100 mV p-p sine wave. 


Full Power Bandwidth - The frequency at which the held out- 
put amplitude is 3 dB below the input amplitude, under an in- 
put condition of a 10 V p-p sine wave. 


Effective Aperture 
Delay - The difference between the switch 
delay and the analog delay of the SHA channel. A negative 
number indicates that the analog portion of the overall delay is 
greater than the switch portion. This effective delay represents 
the point in time, relative to the hold command, that the input 
signal will be sampled. 


Aperture Jitter - The variations in delay for successive samples. 
Aperture jitter puts an upper limit on the maximum frequency 
that can be accurately sampled. 


Hold Settling Time - The time required for the output to settle 
to within a specified level of accuracy of its final held value after 
the hold command has been given. 


Droop Rate - The drift in output voltage while in the hold 
mode. 


Feedthrough 
- The attenuated version of a changing input sig- 
nal that appears at the output when the SHA is in the hold 
mode. 


Hold Mode Offset - The difference between the input signal 
and the held output. This offset term applies only in the hold 
mode and includes the error caused by charge injection and all 
other internal offsets. It is specified for an input of 0 V. 


Tracking 
Mode Offset - The difference between the input and 


output signals when the SHA is in the track mode. 


Nonlinearity 
- The deviation from a straight line on a plot of 
input vs. (held) output as referenced to a straight line drawn 
between end points, over an input range of -5 V and + 5 V. 


Gain Error - Deviation from a gain of + I on the transfer func- 
tion of input vs. held output. 


Interchannel 
Isolation - The level of crosstalk between adjacent 
channels while in the sample (track) mode with a full-scale 
100 kHz input signal. 


Interchannel 
Aperture 
Offset - The variation in aperture time 
between the two channels for a simultaneous hold command. 


Interchannel 
Offset - The difference in hold mode offset be- 
tween the two SHA channels. 


Power Supply Rejection Ratio - A measure of change in the 
held output voltage for a specified change in the positive or neg- 
ative supply. 


Sampled DC Uncertainty 
- The internal rms SHA noise that is 


sampled onto the hold capacitor. 


Hold Mode Noise - The rms noise at the output of the SHA 
while in the hold mode, specified over a given bandwidth. 


Total Output Noise - The total rms noise that is seen at the 
output of the SHA while in the hold mode. It is the rms sum- 
4 


mation of the sampled de uncertainty and the hold mode noise. 


Output Drive Current - The maximum current the SHA can 
source (or sink) while maintaining a change in hold mode offset 
of less than 2.5 mY. 


Signal-to-Noise 
and Distortion 
(S/N+D) 
Ratio - SIN + D is the 


ratio of the rms value of the measured input signal to the rms 
sum of all other spectral components below the Nyquist fre- 
quency, including harmonics but excluding de. 


Total Harmonic 
Distortion 
(THD) - THD is the ratio of the 
rms sum of the first six harmonic components to the rms value 
of the measured input signal. 


Intermodulation 
Distortion 
(IMD) - With inputs consisting of 


sine waves at two frequencies, fa and fb, any device with nonlin- 
earities will create distortion products, of order (m + n), at sum 
and difference frequency of rnfa:tnfb, 
where m, n = 0, 1,2, 


3 .... 
Intermodulation 
terms are those for which m or n is not 
equal to zero. For example, the second order terms are (fa+fb) 
and (fa-fb), 
and the third order terms are (2fa+fb), 
(2fa-fb), 


(fa+2fb) and (fa-2fb). 
The IMD products are expressed as the 


decibel ratio of the rms sum of the measured input signals to the 
rms sum of the distortion terms. The two signals are of equal 
amplitude, and peak value of their sums is -0.5 
dB from full 


scale. The IMD products are normalized to a 0 dB input signal. 


FUNCTIONAL 
DESCRIPTION 
The AD682 is a complete dual sample-and-hold amplifier that 
provides high speed sampling to 12-bit accuracy in less than 
700 ns. 


The AD682 is completely self-contained, including on-chip hold 
capacitors, and requires no external components or adjustments 
to perform the sampling function. Each SHA channel can oper- 
ate independently, 
having its own input, output and sample/hold 
command. Both inputs and outputs are treated as single-ended 
signals, referred to common. 


The AD682 utilizes a proprietary circuit design which includes a 
self-correcting architecture. 
This sample-and-hold circuit cor- 
rects for internal errors after the hold command has been given, 
by compensating for amplifier gain and offset errors, and charge 
injection errors. Due to the nature of the design, the SHA Out- 
put in the sample mode is not intended to provide an accurate 
representation 
of the input. However, in hold mode, the internal 


circuitry is reconfigured to produce an accurately held version of 
the input signal. Below is a block diagram of the AD682. 


DYNAMIC PERFORMANCE 
The AD682 is compatible with 12-bit A-to-D converters in 
terms of both accuracy and speed. The fast acquisition time, fast 
hold settling time and good output drive capability allow the 
AD682 to be used with high speed, high resolution A-to-D con- 
verters like the AD674B, AD774B and AD7672. The AD682's 
fast acquisition time provides high throughput 
rates for multi- 
channel data acquisition systems. Typically, the sample and hold 
can acquire a IO V step in less than 600 ns. Figure I shows the 
settling accuracy as a function of acquisition time. 
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The hold settling determines the required time, after the hold 
command is given, for the output to settle to its final specified 
accuracy. The typical settling behavior of the AD682 is shown 
in Figure 2. The settling time of the AD682 is sufficiently fast 
to allow the SHA, in most cases, to directly drive an A-to-D 
converter without the need for an added "start convert" delay. 


HOLD MODE OFFSET 
The dc accuracy of the AD682 is determined primarily by the 
hold mode offset. The hold mode offset refers to the difference 
between the final held output voltage and the input signal at the 
time the hold command is given. The hold mode offset arises 
from a voltage error introduced onto the hold capacitor by 
charge injection of the internal switches. The nominal hold 
mode offset is specified for a 0 V input condition. Over the in- 
put range of - 5 V to +5 V, the AD682 is also characterized for 
an effective gain error and nonlinearity of the held value, as 
shown in Figure 3. As indicated by the AD682 specifications, 
the hold mode offset is very stable over temperature. 


For applications where it is important to obtain zero offset, the 
hold mode offset may be nulled externally at the input to the 
A-to-D converter. Adjustment of the offset may be accom- 
plished through the A-to·D itself or by an external amplifier 
with offset nulling capability (e.g., AD7II). 
The offset will 
change less than 0.5 mV over the specified temperature 
range. 


SUPPLY DECOUPLING 
AND GROUNDING 
CONSIDERATIONS 
As with any high speed, high resolution data acquisition system, 
the power supplies should be well regulated and free from exces- 
sive high frequency noise (ripple). The supply connection to the 
AD682 should also be capable of delivering transient currents to 
the device. To achieve the specified accuracy and dynamic per- 
formance, decoupling capacitors must be placed directly at both 
the positive and negative supply pins to common. Ceramic type 
O. I fJ.Fcapacitors should be connected from Vcc and VEE to 
common. 


The AD682 does not provide separate analog and digital ground 
leads as is the case with most A-to-D converters. The common 
pin is the single ground terminal for the device. It is the refer- 
ence point for the sampled input voltage and the held output 
voltage and also the digital ground return path. The common 
pin should be connected to the reference (analog) ground of the 
A-to-D converter with a separate ground lead. Since the analog 
and digital grounds in the AD682 are connected internally, the 
common pin should also be connected to the digital ground, 
which is usually tied to analog common at the A-to-D converter. 
Figure 4 illustrates the recommended decoupling and grounding 
practice. 
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NOISE CHARACTERISTICS 
Designers of data conversion circuits must also consider the ef- 
fect of noise sources on the accuracy of the data acquisition sys- 
tem. A sample-and-hold 
amplifier that precedes the A-to-D 
converter introduces some noise and represents another source 
of uncertainty in the conversion process. The noise from the 
AD682 is specified as the total output noise, which includes 
both the sampled wideband noise of the SHA in addition to the 
band limited output noise. The total output noise is the rms 
sum of the sampled dc uncertainty and the hold mode noise. A 
plot of the total output noise vs. the equivalent input bandwidth 
of the converter being used is given in Figure 5. 
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DRIVING THE ANALOG INPUTS 
For best performance, it is important to drive the AD682 analog 
input from a low impedance signal source. This enhances the 
sampling accuracy by minimizing the analog and digital 
crosstalk. Signals which come from higher impedance sources 
(e.g., over 5 kO) will have a relatively higher level of crosstalk. 
For applications where signals have high source impedance, an 
operational amplifier buffer in front of the AD682 is required. 
The AD712 (precision BiFET op amp) is recommended for 
these applications. 


HIGH FREQUENCY SAMPLING 
Aperture jitter and distortion are the primary factors which limit 
frequency domain performance of a sample-and-hold amplifier. 
Aperture jitter modulates the phase of the hold command and 
produces an effective noise on the sampled analog input. The 
magnitude of the jitter induced noise is directly related to the 
frequency of the input signal. 
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A graph showing the magnitude of the jitter induced error vs. 
frequency of the input signal is given in Figure 6. 


The accuracy in sampling high frequency signals is also con- 
strained by the distortion and noise created by the sample-and- 
hold. The level of distortion increases with frequency and 
reduces the "effective number of bits" of the conversion. 


Measurements of Figures 7 and 8 were made using a 14-bit 
A-to-D converter with VIN = 10 V p-p and a sample frequency 
of 100 kSPS. 
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THE AD682 IN A PING-PONG ARRANGEMENT 
In a ping-pong arrangement two sample-and-hold amplifiers are 
connected to the same analog input source. While one channel is 
sampling the analog input, the other is in the hold mode. De- 
pending upon the ADC conversion time, a ping-pong circuit can 
increase data throughput 
rates by as much as 100%. The 


AD682's excellent interchannel aperture delay, gain and offset 
errors make it ideal to use in a ping-pong arrangement. 


Figure 9 shows the AD682 in a ping-pong arrangement with the 
AD671 12-bit, 500 ns AID converter. A high speed switch 
(ADG20IHS) directs the appropriate AD682 output to the 
AD671. In this system the data throughput 
rate is increased by 


up to 80% as compared to a system using only one channel of 
the AD682 . 


THE AD682 FOR IN-PHASE (I) AND QUADRATURE 
(Q) 
DEMODULATION 
The AD682 can be used to demodulate digital data that has 
been I and Q modulated. 
Using two SHAs for the signal acqui- 


sition allows the use of slower and lower cost SHAs and AID 
converters as compared 
10 a system using one SHA. 


Figure 10 shows the AD682 being used as a I and Q demodula- 
tor. If the carrier frequency is represemed by f and w = 2 nf, 
the incoming signal can be represemed by set) = I(n) x cos(wt) 
+ Q(n) x sin(wt), where J(n) and Q(n) (the mh 1- Q pair sem) 
only take on discrete values and must stay constam for at least 
one carrier period (2 n/w). 


The clock source from which the AD682's comrol signals are 
derived must be coherem with the input signal carrier. To re- 
cover I(n), set) must be sampled when the in-phase carrier com- 
ponem is I and the quadrature 
componem is 0 (when t is 


imeger multiples of 2 nlW). Similarly to recover Q(n) set) must 
be sampled when the in-phase carrier componem is 0 and the 
quadrature componem is I (when t is imeger multiples of 2 n/w 
+ n/2). 
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I 
FEATURES 
Four Matched Sample-and-Hold Amplifiers 
Independent Inputs, Outputs and Control Pins 
500ns Hold Mode Settling 
1•.•.s Maximum Acquisition Time to 0.01% 
Low Droop Rate: 0.01•.•.V/ •.•.s 
Internal Hold Capacitors 
75ps Maximum Aperture Jitter 
Low Power Dissipation: 430mW 
0.3" Skinny DIP Package 
MIL-STD-883 Compliant Versions Available 


PRODUCT 
DESCRIPTION 
The AD684 is a monolithic quad sample-and-hold 
amplifier 


(SHA). It features four complete sampling channels, each con- 
trolled by an independent 
hold command. Each SHA is com- 
plete with an internal hold capacitor. The high accuracy SHA 
channels are self-contained and require no external components 
or adjustments. 
The AD684 is manufactured 
on a BiMOS 
process which provides a merger of high performance bipolar 
circuitry and low power CMOS logic. 


The AD684 is ideal for high performance, 
multichannel 
data 
acquisition systems. Each SHA channel can acquire a signal in 
less than IfLSand retain the held value with a droop rate of less 
than O.OlfLV/fLS. Excellent linearity and ac performance make 
the AD684 an ideal front end for high speed 12- and 14-bit 
ADCs. 


The AD684 has a self-correcting architecture 
that minimizes 
hold mode errors and insures accuracy over temperature. 
Each 
channel of the AD684 is capable of sourcing SmA and incorpo- 
rates output short circuit protection. 


The AD684 is specified for three temperature 
ranges. The J 
grade device is specified for operation from 0 to 70°C, the A 
grade from -40°C to +8S0C and the S grade from -SSOC to 
+ 12S°C. 


Four-Channel 
Sample-and-Hold Amplifier 
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PRODUCT 
HIGHLIGHTS 
1. Fast acquisition time (lfLS) and low aperture jitter (7Sps) 


make the AD684 the best choice for multiple channel data 
acquisition systems. 


2. Monolithic construction 
insures excellent interchannel 
matching in terms of timing and accuracy, as well as high 
reliability. 


3. Independent 
inputs, outputs and sample-and-hold 
controls 
allow user flexibility in system architecture. 


4. Low droop (O.OlfLV/fLS)and internally compensated hold 
mode error results in superior system accuracy. 


S. The AD684's fast settling time and low output impedance 
make it ideal for driving high speed analog to digital convert- 
ers such as the ADS78, AD674, AD7S72 and the AD7672. 


6. The AD684 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military 
Produr:ts 


Databook or current AD684/883B 
data sheet for detailed 
specifications. 


rdnUlICU:I" 
MIll 
'yp 
Max 
MIll 
lyp 
Max 
MID 
Typ 
Max 
Units 


SAMPLING 
CHARACfERISTICS 
Acquisition 
Time 
IOV Step to 0.01 % 
0.75 
1.0 
0.75 
1.0 
0.75 
1.0 
ILS 


IOV Step to 0.1% 
0.5 
0.6 
0.5 
0.6 
0.5 
0.6 
ILs 


Small Signal Bandwidth 
4 
4 
4 
MHz 


Full Power Bandwidth 
I 
I 
I 
MHz 


HOLD 
CHARACTERISTICS 
Effective Aperture 
Delay 
-35 
-25 
-15 
-35 
-25 
-15 
-35 
-25 
-15 
ns 


Aperture 
Jitter 
50 
75 
50 
75 
50 
75 
ps 
Hold Settling Time (to ImV) 
250 
500 
250 
500 
250 
500 
ns 


Droop Rate' 
0.01 
1 
0.01 
1 
0.01 
1 
ILV/IJ.S 


Feedthrough 


(VlN= ±5V, 
100kHz) 
-90 
-90 
-90 
dB 


ACCURACY 
CHARACfERISTICS' 
Hold Mode Offset 
-4 
-I 
+3 
-4 
-I 
+3 
-4 
-I 
+3 
mV 
Hold Mode Offset Drift 
10 
10 
10 
ILVrc 


Sample Mode Offset 
50 
200 
50 
200 
50 
200 
mV 
Nonlinearity 
±0.002 
±0.003 
±0.002 
±0.003 
±0.003 
±0.005 
% FS 
Gain Error 
±0.03 
±O.OS 
±0.03 
±O.OS 
±0.03 
±0.05 
% FS 


INTERCHANNEL 
CHARACfERISTICS 
Interchannel 
Isolation 


(VlN=±5V, 
100kHz) 
80 
86 
80 
86 
80 
86 
dB 
Interchannel 
Aperture 
Offset 
150 
300 
150 
300 
150 
300 
ps 


Interchannel 
Offset 
0.4 
1.5 
0.4 
2.0 
0.4 
2.0 
mV 


OUTPUT 
CHARACTERISTICS 
Output 
Drive Current' 
-5 
+5 
-5 
+5 
-5 
+5 
mA 


Output 
Resistance, 
dc 
0.3 
0.5 
0.3 
0.5 
0.3 
0.5 
il 
Total Output 
Noise 


(dc to 5MHz) 
150 
150 
150 
ILVrrns 
Sampled dc Uncertainty 
85 
85 
85 
ILVrrns 


Hold Mode Noise 


(dc to 5MBz) 
125 
125 
125 
ILVrrns 
Short Circuit Current' 
Source 
20 
20 
20 
mA 
Sink 
10 
10 
10 
mA 


INPUT 
CHARACTERISTICS 
Input Voltage Range 
-5 
+5 
-5 
+5 
-5 
+5 
V 
Bias 
Current· 
100 
250 
100 
250 
100 
250 
nA 
400 
500 
500 
nA 
Input Impedance 
50 
50 
50 
Mil 


Input Capacitance 
2 
2 
2 
pF 


DIGITAL 
CHARACfERISTICS 
Input Voltage Low 
0.8 
0.8 
0.8 
V 


Input Voltage High 
2.0 
2.0 
2.0 
V 
Input Current 
(V1N= 5V) 
2 
10 
2 
10 
2 
10 
ILA 


POWER 
SUPPLY 
CHARACfERISTICS 
Operating 
Voltage Range (VCC' VEE) 
±10.8 
±12 
±13.2 
±1O.8 
±12 
±13.2 
±1O.8 
±12 
±13.2 
V 


Supply Current 
18 
25 
18 
25 
18 
26 
mA 


+ PSRR 
65 
70 
65 
70 
65 
70 
dB 


-PSRR 
60 
65 
60 
65 
60 
65 
dB 
Power 
Consumption 
430 
600 
430 
600 
430 
625 
mW 


TEMPERATURE 
RANGE 
Specified Perforrnance 
0 
+70 
-40 
+85 
-55 
+125 
'C 


PACKAGE 
OPTIONS 
16-Pin Cerdip (Q) 
AD684JQ 
AD684AQ 
AD684SQ 


NOTES 
ISpecified 
and tested 
over an input 
range of ±5V. 
2Maximum 
current 
the AD684 
can source 
(or sink). 
Testing 
guarantees 
that the accuracy 
of the held signal 
remains 
within 
2.5mV 
of its initial 
value. 
JThe output is protected for a short circuit to common, Vcc and VEE. 
"Vcc and V EE at nominal 
voltage 
levels. 


Specifications 
shown 
in boldface 
are tested 
on all production 
units 
at fmal electrical 
test. 
Results 
from those 
tests are used to calculate 
outgoing 
quality 
levels. 
All min and max specifications 
are guaranteed) 
although 
only 
those 
shown 
in boldface 
are tested 
on aU production 
units. 


Specifications 
subject 
to change 
without 
notice. 


ABSOLUTE 
MAXIMUM 
RATINGS· 


With 
Spec 
Respect to 
Min 
Max 
Unit 


Vcc 
Common 
-0.3 
+15 
V 
VEE 
Common 
-15 
+0.3 
V 
Control Inputs 
Common 
-0.5 
+7 
V 
Analog Inputs 
Common 
-12 
+12 
V 
Output Short Circuit to 
Ground, Vcc, or VEE 
Indefinite 
Max Junction 
Temperature 
+175 
°C 
Storage 
-65 
+150 
°C 
Lead Temperature 


(lOsec max) 
+300 
°C 
Power Dissipation 
640 
mW 


·Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 


permanent 
damage 
to the device. 
This 
is a stress 
rating 
only 
and functional 


operation of the device at these or any other conditions above those indicated 
in the operational 
section 
of this specification is not implied. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. 


Modell 


AD684JQ 
AD684AQ 
AD684SQ 


Package 
Option' 


Q-16 
Q-16 
Q-16 


Temperature 
Range 
o to +70°C 
-40°C to +85°C 
- 55°C to + 125°C 


NOTES 
IFor details on grade and package offerings screened in 
accordance with MIL-STD-883, 
refer to the Analog 
Devices Military Products Databook or current AD6841883B 
data sheet. 
'Q = Cerdip. For outline information see Package Information 
section. 
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AD684 - Typical Characteristics 
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DEFINITIONS 
OF SPECIFICATIONS 
Acquisition 
Time - 
The length of time that the SHA must 
remain in the sample mode in order to acquire a full scale input 
step to a given level of accuracy. 


Small Signal Bandwidth 
- 
The frequency at which the held 
output amplitude is 3dB below the input amplitude, 
under an 
input condition of a 100mV POpsine wave. 


Full Power Bandwidth 
- 
The frequency at which the held out- 
put amplitude is 3dB below the input amplitude, 
under an input 
condition of a IOV Pop sine wave. 


Effective Aperture 
Delay - 
The difference between the switch 
delay and the analog delay of the SHA channel. A negative 
number indicates that the analog portion of the overall delay is 
greater than the switch portion. This effective delay represents 
the point in time, relative to the hold command, that the input 
signal will be sampled. 


Aperture Jitter 
- 
The variations in aperture delay for succes- 
sive samples. Aperture jitter puts an upper limit on the maxi- 
mum frequency that can be accurately sampled. 


Hold Settling Time - 
The time required for the output to set- 
tle to within a specified level of accuracy of its final held value 
after the hold command has been given. 


Droop Rate - 
The drift in output voltage while in the hold 
mode. 


Feedthrough 
- 
The attenuated version of a changing input 
signal that appears at the output when the SHA is in the hold 
mode. 


Hold Mode Offset - 
The difference between the input signal 
and the held output. This offset term applies only in the hold 
mode and includes the error caused by charge injection and all 
other internal offsets. It is specified for an input of OV. 


Tracking 
Mode Offset - 
The difference between the input and 
output signals when the SHA is in the track mode. 


Nonlinearity 
- 
The deviation from a straight line on a plot of 
input vs. (held) output as referenced to a straight line drawn 
between endpoints, over an input range of - SV and + SV. 


Gain Error - 
Deviation from a gain of + I on the transfer 
function of input vs. held output. 


Interchannel 
Isolation 
- 
The level of crosstalk between adja- 
cent channels while in the sample (track) mode with a full scale 
100kHz input signal. 


Interchannel 
Aperture 
Offset - 
The variation in aperture time 
between the four channels for a simultaneous hold command. 


Differential 
Offset - 
The difference in hold mode offset 
between the four SHA channels. 


Power Supply Rejection 
Ratio - 
A measure of change in the 
held output voltage for a specified change in the positive or 
negative supply. 


Sampled dc Uncertainty 
- 
The internal rms SHA noise that is 
sampled onto the hold capacitor. 


Hold Mode Noise - 
The rms noise at the output of the SHA 
while in the hold mode, specified over a given bandwidth. 


Total Output Noise - 
The total rms noise that is seen at the 
output of the SHA while in the hold mode. It is the rms sum- 
mation of the sampled dc uncertainty and the hold mode noise. 


Output Drive Current 
- 
The maximum current the SHA can 
source (or sink) while maintaining a change in hold mode offset 
of less than 2.SmV. 
• 


FUNCTIONAL 
DESCRIPTION 
The AD684 is a complete quad sample-and hold amplifier that 
provides high speed sampling to l2-bit accuracy in less than 
ljJ.s. 


The AD684 is completely self-contained, including on-chip hold 
capacitors, and requires no external components or adjustments 
to perform the sampling function. Each SHA channel can oper- 
ate independently, 
having its own input, output and sample/hold 
command. Both inputs and outputs are treated as single ended 
signals, referred to common. 


The AD684 utilizes a proprietary circuit design which includes a 
self-correcting architecture. 
This sample-and-hold 
circuit cor- 
rects for internal errors after the hold command has been given, 
by compensating for amplifier gain and offset errors, and charge 
injection errors. Due to the nature of the design, the SHA out- 
put in the sample mode is not intended to provide an accurate 
representation 
of the input. However, in hold mode, the internal 
circuitry is reconfigured to produce an accurately held version of 
the input signal. To the right is a block diagram of the AD684. 


DYNAMIC 
PERFORMANCE 
The AD684 is compatible with l2-bit A-to-D converters in 
terms of both accuracy and speed. The fast acquisition time, fast 
hold settling time and good output drive capability allow the 
AD684 to be used with high speed, high resolution A-to-D con- 
verters like the AD674 and AD7672. The AD684's fast acquisi- 
tion time provides high throughput 
rates for multichannel 
data 
acquisition systems. Typically, the sample and hold can acquire 
a 10V step in less than 750ns. Figure 1 shows the settling accu- 
racy as a function of acquisition time. 


Figure 
1. VOUT Settling 
vs. Acquisition 
Time 


The hold settling determines the required time, after the hold 
command is given, for the output to settle to its final specified 
accuracy. The typical settling behavior of the AD684 is shown 
in Figure 2. The settling time of the AD684 is sufficiently fast 
to allow the SHA, in most cases, to directly drive an A-to-D 
converter without the need for an added "start convert" delay. 
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HOLD MODE OFFSET 
The dc accuracy of the AD684 is determined primarily by the 
hold mode offset. The hold mode offset refers to the difference 
between the final held output voltage and the input signal at the 
time the hold command is given. The hold mode offset arises 
from a voltage error introduced onto the hold capacitor by 
charge injection of the internal switches. The nominal hold 
mode offset is specified for a OV input condition. Over the input 
range of - 5V to +5V, the AD684 is also characterized for an 
effective gain error and nonlinearity of the held value, as shown 
in Figure 3. As indicated by the AD684 specifications, the hold 
mode offset is very well matched between channels and stable 
over temperature. 


For applications where it is important to obtain zero offset, the 
hold mode offset may be nulled externally at the input to the 
A-to-D converter. Adjustment of the offset may be accom- 
plished through the A-to-D itself or by an external amplifier 
with offset nulling capability (e.g., AD7ll). 
Only a single ad- 
justment of the offset is necessary for the four SHA channels as 
a result of the excellent matching among them. The offset will 
change less than 0.5mV over the specified temperature 
range. 


SUPPLY 
DECOUPLING 
AND GROUNDING 
CONSIDERATIONS 
As with any high speed, high resolution data acquisition system, 
the power supplies should be well regulated and free from exces- 
sive high frequency noise (ripple). The supply connection to the 
AD684 should also be capable of delivering transient currents to 
the device. To achieve the specified accuracy and dynamic per- 
formance, decoupling capacitors must be placed directly at both 
the positive and negative supply pins to common. Ceramic type 
O.l •.•.F capacitors should be connected from Vcc and VEE to 
common. 


The AD684 does not provide separate analog and digital ground 
leads as is the case with most A-to-D converters. The common 
pin is the single ground terminal for the device. It is the refer- 
ence point for the sampled input voltage and the held output 
voltage and also the digital ground return path. The common 
pin should be connected to the reference (analog) ground of the 
A-to-D converter with a separate ground lead. Since the analog 
and digital grounds in the 684 are connected internally, the 
common pin should also be connected to the digital ground, 
which is usually tied to analog common at the A-to-D converter. 
Figure 4 illustrates the recommended decoupling and grounding 
practice. 


NOISE CHARACTERISTICS 
Designers of data conversion circuits must also consider the ef- 
fect of noise sources on the accuracy for the data acquisition sys- 
tem. A sample-and-hold 
amplifier that precedes the A-to-D 
converter introduces some noise and represents another source 
of uncertainty 
in the conversion process. The noise from the 
AD684 is specified as the total output noise, which includes 
both the sampled wideband noise of the SHA in addition to the 
band limited output noise. The total output noise is the rms 
sum of the sampled dc uncertainty 
and the hold mode noise. A 
plot of the total output noise vs. the equivalent input bandwidth 
of the converter being used is given in Figure S. 
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DRIVING THE ANALOG INPUTS 
For best performance, 
it is important to drive the AD684 analog 
inputs from a low impedance signal source. This enhances the 
sampling accuracy by minimizing the analog and digital 
crosstalk. Signals which come from higher impedance sources 
(e.g., over Sk ohms) will have a relatively higher level of 
crosstalk. For applications where signals have high source im- 
pedance, an operational amplifier buffer in front of the AD684 
is required. 
The AD713 (precision quad BiFET op amp) is rec- 
ommended for these applications. 


HIGH FREQUENCY SAMPLING 
Aperture jitter and distortion are the primary factors which limit 
frequency domain performance of a sample-and-hold 
amplifier. 


Aperture jitter modulates the phase of the hold eonunand and 
produces an effective noise on the sampled analog input. The 
magnitude of the jitter induced noise is directly related to the 
frequency of the input signal. 


A graph showing the magnitude of the jitter induced error vs. 
frequency of the input signal is given in Figure 6. 


The accuracy in sampling high frequency signals is also con- 
strained by the distortion and noise created by the sample-and- 
hold. The level of distortion increases with frequency and 
reduces the "effective number of bits" of the conversion. 


Measurements 
of Figures 7 and 8 were made using a 14-bit 
A-to-D converter with VIN= IOV POpand a sample frequency of 
IOOkSPS. 
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Figure 9 shows a typical data acquisition circuit using the 
AD684 and the high speed l2-bit A-to-D converter, the 
AD7672. Four input signals are simultaneously sampled by the 
AD684 as the HOLD command is given. One of the four held 


buffered by the AD711. The AD588 provides the reference volt- 
age with switches A-B and C-D selecting a -5V to +5V or 0 to 
+5V input range. 
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I 
FEATURES 
Acquisition Time to 0.01%: 700 ns Maximum 
Low Power Dissipation: 95 mW 
Low Droop Rate: 0.01/J.V//LS 
Fully Specified and Tested Hold Mode Distortion 
Total Harmonic Distortion: -80 dB Maximum 
Aperture Jitter: 75 ps Maximum 
Internal Hold Capacitor 
Self-Correcting Architecture 
8-Pin Mini Cerdip and Plastic Package 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 
The AD781 is a high speed monolithic sample-and-hold 
ampli- 
fier (SHA). The AD781 guarantees a maximum acquisition time 
of 700 ns to 0.01 % over temperature. 
The AD781 is specified 
and tested for hold mode total harmonic distortion and hold 
mode signal-to-noise and distortion. 
The AD781 is configured as 
a unity gain amplifier and uses a self-correcting architecture that 
minimizes hold mode errors and insures accuracy over tempera- 
ture. The AD781 is self-contained and requires no external com- 
ponents or adjustments. 


The low power dissipation, 8-pin mini-DIP package and com- 
pleteness make the AD781 ideal for highly compact board 
laYOUts.The AD781 will acquire a full-scale input in less 
than 700 ns and retain the held value with a droop rate of 
0.01 /J.V//J.s.Excellent linearity and hold mode dc and dynamic 
performance make the AD781 ideal for 12- and 14-bit high 
speed analog-to-digital converters. 


The AD781 is manufactured 
on Analog Devices' BiMOS process 
which merges high performance, low noise bipolar circuitry with 
low power CMOS to provide an accurate, high speed, low power 
SHA. 


The AD781 is specified for three temperature 
ranges. The J 
grade device is specified for operation from O°Cto 70°C, the A 
grade from -40°C to +85°C and the S grade from -55°C to 
+ 125°C. The J and A grades are available in 8-pin plastic DIP 
packages. The S grade is available in an 8-pin cerdip package. 


Complete 700 ns 


Sample-and-Hold 
Amplifier 


AD781* 
I 
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PRODUCT HIGHLIGHTS 
1. Fast acquisition time (700 ns), low aperture jitter (75 ps) and 
fully specified hold mode distortion make the AD781 an ideal 
SHA for sampling systems. 


2. Low droop (0.01 /J.V//J.s)and internally compensated hold 
mode error results in superior system accuracy. 


3. Low power (95 mW typical), complete functionality and 
small size make the AD781 an ideal choice for a variety of 
high performance, 
low power applications. 


4. The AD781 requires no external components or adjustments. 


5. Excellent choice as a front-end SHA for high speed analog- 
to-digital converters such as the AD671, AD7586, AD674B, 
AD774B, AD7572 and AD7672. 


6. Fully specified and tested hold mode distortion guarantees 
the performance of the SHA in sampled data systems. 


7. The AD781 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD7811883B data sheet for detailed 
specifications. 


AD781-SPECIFICATIONS 


AD781J 
AD781A 
AD781S 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


SAMPLING CHARACTERISTICS 
Acquisition Time 
10 V Step to 0.01% 
600 
700 
600 
700 
600 
700 
ns 
10 V Step to 0.1% 
500 
600 
500 
600 
500 
600 
ns 
Small Signal Bandwidth 
4 
4 
4 
MHz 
Full Power Bandwidth 
1 
1 
1 
MHz 


HOLD CHARACTERISTICS 
Effective Aperture Delay (25°C) 
-35 
-25 
-15 
-35 
-25 
-15 
-35 
-25 
-15 
ns 


Aperture Jitter (25°C) 
50 
75 
50 
75 
50 
75 
ps 


Hold Settling (to 1 mV, 25°C) 
250 
500 
250 
500 
250 
500 
ns 


Droop Rate 
0.01 
1 
0.01 
1 
0.01 
1 
~V/~s 


Feedthrough 
(25°C) 


(VIN 
= ±5 V, 100 kHz) 
-86 
-86 
-86 
dB 


ACCURACY CHARACTERISTICS' 


Hold Mode Offset 
-4 
-1 
+3 
-4 
-1 
+3 
-4 
-1 
+3 
mV 


Hold Mode Offset Drift 
10 
10 
10 
~vrc 
Sample Mode Offset 
50 
200 
50 
200 
50 
200 
mV 
Nonlinearity 
±0.002 
±0.003 
±0.002 
±0.003 
±0.003 
±0.005 
%FS 
Gain Error 
±0.01 
±0.025 
±0.01 
±0.025 
±0.01 
±0.025 
%FS 


OUTPUT 
CHARACTERISTICS 
OutpUi Drive Current 
-5 
+5 
-5 
+5 
-5 
+5 
mA 
Output Resistance, DC 
0.3 
0.5 
0.3 
0.5 
0.3 
0.5 
0 
Total Output Noise 
(DC to 5 MHz) 
150 
150 
150 
~V rms 


Sampled DC Uncertainty 
85 
85 
85 
~V rms 


Hold Mode Noise 
(DC to 5 MHz) 
125 
125 
125 
~V rms 


Short Circuit Current 


Source 
20 
20 
20 
mA 
Sink 
10 
10 
10 
mA 


INPUT CHARACTERISTICS 
Input Voltage Range 
-5 
+5 
-5 
+5 
-5 
+5 
V 
Bias Current 
50 
250 
50 
250 
50 
250 
nA 
Input Impedance 
50 
50 
50 
MO 
Input Capacitance 
2 
2 
2 
pF 


DIGITAL 
CHARACTERISTICS 
Input Voltage Low 
0.8 
0.8 
0.8 
V 


Input Voltage High 
2.0 
2.0 
2.0 
V 
Input Current High (V1N = 5 V) 
2 
10 
2 
10 
2 
10 
~A 
POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range 
±1O.8 
±12 
±13.2 
±1O.8 
±12 
±13.2 
±10.8 
±12 
±13.2 
V 
Supply Current 
4 
6.5 
4 
6.5 
4 
7 
mA 


+PSRR (+12 V ± 10%) 
70 
80 
70 
80 
70 
80 
dB 
-PSRR 
(-12 
V ± 10%) 
65 
75 
65 
75 
65 
75 
dB 
Power Consumption 
95 
175 
95 
175 
95 
185 
mW 


TEMPERATURE 
RANGE 
Specified Performance 
0 
+70 
-40 
+85 
-55 
+125 
°C 


NOTE 
ISpecified 
and tested 
over an input 
range of ±5 
V. 


Specifications 
subject 
to change 
without 
notice. 


Specifications 
shown 
in boldface 
are tested 
on all devices 
at final electrical 
test. Results 
from those 
tests are used to calculate 
outgoing 
quality 
levels. 
All min 
and Max specifications 
are guaranteed 
although 
only those 
shown 
in boldface 
are tested. 


HOLD MODE AC SPECIFICATIONS 
(Tml. to 1m'I' Vee = +12 V ±10%, VEE = -12 
V ±10%, CL = 20 pF, 


unless otherwise specified) 1 


AD781J 
AD781A 
AD781S 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


TOTAL 
HARMONIC 
DISTORTION 


FIN = 10 kHz 
-90 
-80 
-90 
-80 
-90 
-80 
dB 


FIN = 50 kHz 
-73 
-73 
-73 
dB 


FIN = 100 kHz 
-68 
-68 
-68 
dB 


SIGNAL-TO-NOISE 
AND DISTORTION 


FIN = 10 kHz 
72 
78 
72 
78 
72 
78 
dB 


FIN = 50 kHz 
73 
73 
73 
dB 


FIN = 100 kHz 
67 
67 
67 
dB 


INTERMODULATION 
DISTORTION 


FINI = 49 kHz, 
FIN2 = 50 kHz 
2nd Order Products 
-77 
-77 
-77 
dB 
3rd Order Products 
-78 
-78 
-78 
dB 


NOTE 


lFIN amplitude = 0 dB and FSAMPLE = 500 kHz unless otherwise indicated. 
Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed although only those shown in boldface are tested. 
• 


ABSOLUTE 
MAXIMUM 
RATINGS· 


With 
Spec 
Respect 
to 
Min 
Max 
Unit 


Vcc 
Common 
-0.3 
+15 
V 
VEE 
Common 
-15 
+0.3 
V 


Control Input 
Common 
-0.5 
+7 
V 


Analog Input 
Common 
-12 
+12 
V 


Output Short Circuit to 
Ground, Vco or VEE 
Indefinite 
Maximum Junction 
Temperature 
+175 
°C 
Storage 
-65 
+150 
°C 
Lead Temperature 


(10 sec max) 
+300 
°C 


Power Dissipation 
195 
mW 


AD781 
TOP VIEW 
(Not to Scale) 


·Stresses above those listed under UAbsolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 


Temperature 
Package 
Modell 
Range 
Description 
Options2 


AD781jN 
DOC to +70°C 
8-Pin Plastic DIP 
N-8 


AD781AN 
-40°C to +85°C 
8-Pin Plastic DIP 
N-8 


AD781SQ 
-55°C to + 125°C 
8-Pin Cerdip 
Q-8 


NOTES 
IFor details on grade and package offerings screened in accordance with 
MIL-STD-883, 
refer to me Analog Devices Military Products Databook or 


current AD781/883B data sheet. 
2N = Plastic DIP; Q = Cerdip. For outline information see Package 
Information section. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 


however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. 
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SUPPLY 
VOlTAGE-V 


DEFINITIONS 
OF SPECIFICATIONS 
Acquisition 
Time-The 
length of time that the SHA must re- 
main in the sample mode in order to acquire a full-scale input 
step to a given level of accuracy. 


Small Signal Bandwidth- 
The frequency at which the held out- 
put amplitude is 3 dB below the input amplitude, 
under an in- 
put condition of a 100 mV p-p sine wave. 


Full Power Bandwidth- 
The frequency at which the held out- 
put amplitude is 3 dB below the input amplitude, 
under an in- 
put condition of a 10 V p-p sine wave. 


Effective Aperture 
Delay- 
The difference berween the switch 
delay and the analog delay of the SHA channel. A negative 
number indicates that the analog portion of the overall delay is 
greater than the switch portion. This effective delay represents 
the point in time, relative to the 'hold command, that the input 
signal will be sampled. 


Aperture 
Jitter-The 
variations in aperture delay for successive 
samples. Aperture jitter puts an upper limit on the maximum 
frequency that can be accurately sampled. 


Hold Settling Time- 
The time required for the output to settle 
to within a specified level of accuracy of its [mal held value after 
the hold command has been given. 


Droop Rate-The 
drift in output voltage while in the hold 
mode. 


Feedthrough- 
The attenuated version of a changing input sig- 
nal that appears at the output when the SHA is in the hold 
mode. 


Hold Mode Offset-The 
difference berween the input signal 
and the held output. This offset term applies only in the hold 
mode and includes the error caused by charge injection and all 
other internal offsets. It is specified for an input of 0 V. 


Tracking 
Mode Offset- 
The difference between the input and 
output signals when the SHA is in the track mode. 


Nonlinearity- 
The deviation from a straight line on a plot of 
input vs. (held) output as referenced to a straight line drawn 
berween endpoints, 
over an input range of -5 V and +5 V. 


Gain Error- 
Deviation from a gain of + 1 on the transfer func- 
tion of input vs. held output. 


Power Supply Rejection 
Ratio-A 
measure of change in the 
held output voltage for a specified change in the positive or neg- 
ative supply. 


Sampled DC Uncertainty-The 
internal rms SHA noise that is 
sampled onto the hold capacitor. 


Hold Mode Noise-The 
rms noise at the output of the SHA 
while in the hold mode, specified over a given bandwidth. 


Total Output Noise- 
The total rms noise that is seen at the 
output of the SHA while in the hold mode. It is the rms sum- 
mation of the sampled de uncertainty and the hold mode noise. 


Output Drive Current-The 
maximum current the SHA can 
source (or sink) while maintaining a change in hold mode offset 
of less than 2.5 mY. 


Signal-To-Noise 
and Distortion 
(SIN+D) 
Ratio-SIN+D 
is 
the ratio of the rms value of the measured input signal to the 
rms sum of all other spectral components below the Nyquist 
frequency, including harmonics but excluding de. The value for 
SIN + D is expressed in decibels. 


Total Harmonic 
Distortion 
(THD)- 
THD is the ratio of the 
rms sum of the first six harmonic components to the rms value 
of the measured input signal and is expressed as a percentage or 
in decibels. 


Intermodulation 
Distortion 
(IMD)- 
With inputs consisting of 
sine waves at rwo frequencies, fa and fb, any device with 
nonlinearities will create distortion products, of order (m+n), 
at 
sum and difference frequency of mfa±nfb, 
where m, n = 0, 1,2, 


3 .... 
Intermodulation 
terms are those for which m or n is not 
equal to zero. For example, the second order terms are (fa+fb) 
and (fa-fb), 
and the third order terms are (2fa+fb), 
(2fa-fb), 


(fa+2fb) and (fa-2fb). 
The IMD products are expressed as the 
decibel ratio of the rms sum of the measured input signals to the 
rms sum of the distortion terms. The rwo signals are of equal 
amplitude, and peak value of their sums is -0.5 
dB from full 
scale. The IMD products are normalized to a 0 dB input signal. • 


FUNCTIONAL 
DESCRIPTION 
The AD781 is a complete sample-and-hold 
amplifier that pro- 
vides high speed sampling to 12-bit accuracy in less than 
700 ns. 


The AD781 is completely self-contained, 
including an on-ehip 
hold capacitor, and requires no external components or adjust- 
ments to perform the sampling function. Both input and output 
are treated as a single-ended signal, referred to common. 


The AD781 utilizes a proprietary circuit design which includes a 
self-correcting architecture. 
This sample-and-hold 
circuit cor- 
rects for internal errors after the hold command has been given, 
by compensating for amplifier gain and offset errors, and charge 
injection errors. Due to the nature of the design, the SHA out- 
put in the sample mode is not intended to provide an accurate 
representation 
of the input. However, in hold mode, the internal 
circuitry is reconfigured to produce an accurately held version of 
the input signal. Below is a block diagram of the AD78I. 
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DYNAMIC PERFORMANCE 
The AD781 is compatible with l2-bit A-to-D converters in 
terms of both accuracy and speed. The fast acquisition time, fast 
hold settling time and good output drive capability allow the 
AD781 to be used with high speed, high resolution A-to-D con- 
verters like the AD674 and AD7672. The AD78l's 
fast acquisi- 
tion time provides high throughput 
rates for multichannel 
data 
acquisition systems. Typically, the sample and hold can acquire 
a 10 V step in less than 600 ns. Figure 1 shows the settling ac- 
curacy as a function of acquisition time . 
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The hold settling determines the required time, after the hold 
command is given, for the output to settle to its [mal specified 
accuracy. The typical settling behavior of the AD781 is shown 
in Figure 2. The settling time of the AD781 is sufficiently fast 
to allow the SHA, in most cases, to directly drive an A-to-D 
converter without the need for an added "start convert" delay. 
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HOLD MODE OFFSET 
The dc accuracy of the AD781 is determined primarily by the 
hold mode offset. The hold mode offset refers to the difference 
between the [mal held output voltage and the input signal at the 
time the hold command is given. The hold mode offset arises 
from a voltage error introduced onto the hold capacitor by 
charge injection of the internal switches. The nominal hold 
mode offset is specified for a 0 V input condition. Over the in- 
put range of - 5 V to +5 V, the AD781 is also characterized for 
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NONLINEARITY 


an effective gain error and nonlinearity of the held value, as 
shown in Figure 3. As indicated by the AD781 specifications, 
the hold mode offset is very stable over temperarure . 


For applications where it is important to obtain zero offset, the 
hold mode offset may be nulled externally at the input to the 
A-to-D converter. Adjustment of the offset may be accom- 
plished through the A-to-D itself or by an external amplifier 
with offset nulling capability (e.g., AD711). The offset will 
change less than 0.5 mV over the specified temperature 
range. 


SUPPLY DECOUPLING 
AND GROUNDING 
CONSIDERATIONS 
As with any high speed, high resolution data acquisition system, 
the power supplies should be well regulated and free from exces- 
sive high frequency noise (ripple). The supply connection to the 
AD781 should also be capable of delivering transient currents to 
the device. To achieve the specified accuracy and dynamic per- 
formance, decoupling capacitors must be placed directly at both 
the positive and negative supply pins to common. Ceramic type 
0.1 jJ.F capacitors should be connected from Vcc and VEE to 
common. 


The AD781 does not provide separate analog and digital ground 
leads as is the case with most A-to-D converters. The common 
pin is the single ground terminal for the device. It is the refer- 
ence point for the sampled input voltage and the held output 
voltage and also the digital ground return path. The common 
pin should be connected to the reference (analog) ground of the 
A-to-D converter with a separate ground lead. Since the analog 
and digital grounds in the AD781 are connected internally, the 
common pin should also be connected to the digital ground, 
which is usually tied to analog common at the A-to-D converter. 
Figure 4 illustrates the recommended 
decoupling and grounding 
practice. 


NOISE CHARACTERISTICS 
Designers of data conversion circuits must also consider the ef- 
fect of noise sources on the accuracy of the data acquisition sys- 
tem. A sample-and-hold 
amplifier that precedes the A-to-D 
converter introduces some noise and represents another source 
of uncertainty 
in the conversion process. The noise from the 
AD781 is specified as the total output noise, which includes 
both the sampled wideband noise of the SHA in addition to the 
band limited output noise. The total output noise is the rms 
sum of the sampled dc uncertainty 
and the hold mode noise. A 
plot of the total output noise vs. the equivalent input bandwidth 
of the converter being used is given in Figure 5. 
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DRIVING 
THE ANALOG 
INPUTS 
For best performance, 
it is important to drive the AD781 analog 
input from a low impedance signal source. This enhances the 
sampling accuracy by minimizing the analog and digital 
crosstalk. Signals which come from higher impedance sources 
(e.g., over 5 kO) will have a relatively higher level of crosstalk. 
For applications where signals have high source impedance, an 
operational amplifier buffer in front of the AD781 is required. 
The AD711 (precision BiFET op amp) is recommended 
for 
these applications. 


HIGH FREQUENCY 
SAMPLING 
Aperture jitter and distortion are the primary factors which limit 
frequency domain performance of a sample-and-hold 
amplifier. 


Aperture jitter modulates the phase of the hold command and 
produces an effective noise on the sampled analog input. The 
magnirude of the jitter induced noise is directly related to the 
frequency of the input signal. 


A graph showing the magnitude of the jitter induced error vs. 
frequency of the input signal is given in Figure 6. 


The accuracy in sampling high frequency signals is also con- 
strained by the distortion and noise created by the sample-and- 
hold. The level of distortion increases with frequency and 
reduces the "effective number of bits" of the conversion. 


Measurements 
of Figures 7 and 8 were made using a 14-bit 
ND converter with VIN = 10 V p-p and a sample frequency of 
100 kSPS. 
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Figure 
7. Total Harmonic 
Distortion 
vs. Frequency 
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AD781, a high linearity, low apenure 
jitter SHA and the 
AD674 a 12-bit high speed ADC. The time between the AD674 
status line going high and the actual stan of conversion allows 
the AD781 to settle to 0.01 %. As a result, the AD674 status line 
can be used to control the AD78I; only an inverter is needed to 
interface the two devices. 
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Figure 10. FFT Plot of AD781 to AD674 
Interface, F'N = 1kHz 
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Complete 250 ns 
Sample-and-Hold 
Amplifier 
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FEATURES 
Acquisition Time to 0.01%: 250 ns Maximum 
Low Power Dissipation: 95 mW 
Low Droop Rate: 0.02 IJoV/lJos 
Fully Specified and Tested Hold Mode Distortion 
Total Harmonic Distortion: -85 dB 
Aperture Jitter: 50 ps Maximum 
Internal Hold Capacitor 
Self-Correcting Architecture 
8-Pin Mini Cerdip and Plastic Packages 
-- 


The AD783 will acquire a full-scale input in less than 250 ns 
and will retain the held value with a droop rate of 0.02 II.V/fLS. 
Excellent linearity and hold mode dc and dynamic performance 
make the AD783 ideal for high speed 12- and 14-bit analog-to- 
digital converters. 


The AD783 is manufacmred 
on Analog Devices' ABCMOS pro- 
cess which merges high performance, 
low noise bipolar circuitry 
with low power CMOS to provide an accurate, high speed, low 
power SHA. 


The AD783 is specified for three temperature 
ranges. The J 
grade device is specified for operation from O°Cto + 70°C, the A 
grade from -40°C to +85°C and the S grade from -55°C to 
+ 125°C. The J and A grades are available in 8-pin plastic DIP 
packages. The S grade is available in an 8-pin cerdip package. 


PRqD 
CT 
(GHLIGHTS 
ISltion time (250 ns), low apermre jitter (SOps) and 
fully specified hold mode distortion make the AD783 an ideal 
HA fo 
piing systems. 


I::O drollf ((H2 
II.V/fLS) and internally compensated hold 
mode error result in superior system accuracy. 


ow power (95 mW typical), complete functionality and 
small size make the AD783 an ideal choice for a variety of 
high performance applications. 


4. The AD783 requires no external components or adjustments. 


5. The AD783 is an excellent choice as a front-end SHA for 
high speed analog-to-digital converters such as the AD671, 
AD7586, AD674B, AD774B, AD7572 and AD7672. 


6. Fully specified and tested hold mode distortion guarantees 
the performance of the SHA in sampled data systems. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


AD783 - 
SPECIFICATIONS 


DC SPECIFICATIONS 
(TMIN to TMAX with Vee= +5 V ± 5%, VEE = -5 
V ± 5%, CL = 50 pF, unless otherwise noted) 


AD783J 
AD783A 
AD783S 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


SAMPLING CHARACTERISTICS 
Acquisition Time 
5 V Step to 0.01% 
155 
250 
150 
250 
150 
250 
ns 
5 V Step to 0.1% 
100 
TBD 
100 
TBD 
100 
TBD 
ns 
Small Signal Bandwidth 
15 
15 
15 
MHz 
Full Power Bandwidth 
2 
2 
2 
MHz 


HOLD CHARACTERISTICS 
Effective Aperture Delay (25°C) 
TBD 
20 
TBD 
TBD 
20 
TBD 
TBD 
20 
TBD 
ns 
Aperture Jitter (25°C) 
20 
50 
20 
50 
20 
50 
ps 
Hold Settling (to I mY, 25°C) 
150 
200 
150 
200 
150 
200 
ns 
Droop Rate 
0.02 
I 
0.02 
I 
0.02 
I 
jJ.V/jJ.s 
Feedthrough 
(25°C) 
(VIN = ±2.5 V, 500 kHz) 
-80 
-80 
-80 
dB 


ACCURACY CHARACTERISTICS' 
Hold Mode Offset 
-4 
0 
+4 
-4 
-4 
0 
+4 
mV 
Hold Mode Offset Drift 
10 
10 
jJ.vrc 
Sample Mode Offset 
50 
50 
200 
mV 
Nonlinearity 
±0.005 
±0.005 
±0.01 
%FS 
Gain Error 
±0.03 
±0.03 
±0.05 
%FS 


OUTPUT 
CHARACTERISTICS 
Output Drive Current 
-5 
+5 
mA 
Output Resistance, DC 
0.3 
0.6 
il 
Total Output Noise 


(DC to 5 MHz) 
150 
jJ.Vrms 
Sampled DC Uncertainty 
85 
jJ.Vrms 
Hold Mode Noise 


(DC to 5 MHz) 
125 
jJ.Vrms 
Short Circuit Current 
Source 
20 
20 
20 
mA 
Sink 
13 
13 
13 
mA 


INPUT CHARACTERISTICS 
Input Voltage Range 
-2.5 
+2.5 
-2.5 
+2.5 
-2.5 
+2.5 
V 
Bias Current 
100 
250 
100 
250 
100 
250 
nA 
Input Impedance 
10 
10 
10 
Mil 
Input Capacitance 
2 
2 
2 
pF 


DIGITAL 
CHARACTERISTICS 
Input Voltage Low 
0.8 
0.8 
0.8 
V 
Input Voltage High 
2.0 
2.0 
2.0 
V 
Input Current High (VIN = 5 V) 
2 
10 
2 
10 
2 
10 
jJ.A 


POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range 
±4.75 
±5 
±5.25 
±4.75 
±5 
±5.25 
±4.75 
±5 
±5.25 
V 
Supply Current 
9.5 
14 
9.5 
14 
9.5 
14 
mA 
+PSRR (+5 V ± 5%) 
60 
65 
60 
65 
60 
65 
dB 


-PSRR 
(-5 
V ± 5%) 
60 
65 
60 
65 
60 
65 
dB 
Power Consumption 
95 
150 
95 
150 
95 
150 
jJ.W 


TEMPERATURE 
RANGE 
Specified Performance 
0 
+70 
-40 
+85 
-55 
+125 
°C 


NOTE 
·Specified 
and tested 
over an input 
range of ±2.5 V. 


Specifications 
subject 
to change 
without 
notice. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


HOLD MODE AC SPECIFICATIONS 
~~h~~s~M~t~~~ 
Vee= +5 V ± 5%. VEE = -5 
V ± 5%, CL = 50 pF, unless 


AD783J 
AD783A 
AD783S 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


-85 
TBD 
-85 
TBD 
-85 
TBD 
dB 


-83 
TBD 
-83 
TBD 
-83 
TBD 
dB 
-79 
-79 
-79 
dB 
-72 
-72 
-72 
dB 


TOTAL 
HARMONIC 
DISTORTION 
FIN = 50 kHz 
FIN = 100 kHz 
FIN = 250 kHz 
FIN = 500 kHz 


SIGNAL-TO-NOISE 
AND DISTORTION 
FIN = 50 kHz 
FIN = 100 kHz 
FIN = 200 kHz 
FIN = 500 kHz 


INTERMODULATION 
DISTORTION 


(F1 = 99 kHz, F2 = 100 kHz) 
Second Order Products 
Third Order Products 


NOTE 
IP1N amplitude = -0.5 dB and (ACQ = 250 os unless otherwise indicated. 
Specifications shown in boldface are t-ested on all devices at final electfiCal rest. 
uks from 
and max specifications are guaranteed although only those shown 1 
bokl.fi 
31'e'tested. 


Specifications subject to change without notice. 


TBD 
TBD 
TBD 
TBD 


TBD 
TBD 


Max 
Units 


V 
V 
V 
V 


IndefInite 


+175 
°C 


-65 
+150 
°C 


+300 
°C 
195 
mW 


-- 


COM 
COM 
COM 
COM 


Spec 


Vcc 
VEE 
Analog Input 
Digital Input 
Output Short Circuit to 
Ground, Vcc, or VEE 
Maximum Junction 


Temperature 
Storage 
Lead Temperature 


(10 sec max) 


Power Dissipation 


·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational· section of this specification is not implied. 


Temperature 
Range 


O°Cto +70°C 
-40°C to +85°C 
- 55°C to + 125°C 


Package Options* 


N-8 
N-8 
Q-8 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


UI:.t'INJlIUN;) 
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Acquisition Time-The 
length of time that the SHA must re- 
main in the sample mode in order to acquire a full-scale input 
step to a given level of accuracy. 


Small Signal Bandwidth- 
The frequency at which the held out- 
put amplitude is 3 dB below the input amplitude, 
under an in- 
put condition of a 100 mV p-p sine wave. 


Full Power Bandwidth- 
The frequency at which the held out- 
put amplitude is 3 dB below the input amplitude, under an in- 
put condition of a 5 V p-p sine wave. 


Effective Aperture Delay - The difference between the switch 
delay and the analog delay of the SHA channel. A negative 
number indicates that the analog portion of the overall delay is 
greater than the switch portion. This effective delay represents 
the point in time, relative to the hold command, that the input 
signal will be sampled. 


Aperture Jitter-The 
variations in delay for successive samples. 
Aperture jitter puts an upper limit on the maximum frequency 
that can be accurately sampled. 


Hold Settling Time-The 
time required for the output to setde 
to within a specified level of accuracy of its fmal held value after 
the hold command has been given. 


Droop Rate- 
The drift in output voltage while in the hold 
mode. 


Feedthrough- 
The attenuated version of a chljtlgin 
inpu 
smnal 
that appears at the output when the S~ 
• 10 th 
li Id mode. 


Hold Mode Offset-The 
difference betw 
n the input 
'gnal and 
the held output. This offset term applies only in the hQld mode 
and includes the error caused by charge injection and 
otfier 
internal offsets. Hold mode offset is specified with an input of 
OV. 


Sample Mode Offset-The 
difference between the input and 
output signals when the SHA is in the sample mode. 


Nonlinearity- 
The deviation from a straight line on a plot of 
input vs. (held) output as referenced to a straight line drawn 
between endpoints, over an input range of -2.5 
V and +2.5 V. 


\.:ramI:.rror- uevlatlOn trom a gam ot + 1 on me transter tunc- 
tion of input vs. held output. 


Power Supply Rejection Ratio-A 
measure of change in the held 
output voltage for a specified change in the positive or negative 
supply. 


Sampled DC Uncertainty- 
The internal rms SHA noise that is 
sampled onto the hold capacitor. 


Hold Mode Noise-The 
rms noise at the output of the SHA 
while in the hold mode, specified over a given bandwidth. 


Total Output Noise- 
The total rms noise that is seen at the out- 
put of the SHA while in the hold mode. It is the rms summa- 
tion of the sampled de uncertainty 
and the hold mode noise. 


Output Drive Current- 
The maximum current the SHA can 
source (or sink) while maintaining a change in hold mode offset 
of less than 2.5 mY. 


Total Harmonic Distortion (THD)- 
THD is the ratio of the 
rms sum of the first six harmonic components to the rms value 
of a full-scale input' 
and is expressed as a percentage or in 
decibels. 


Signal-to- 
o;.sc:< dJ)istortion 
Ratio (SIN+D)-SIN +D is the 
ratio of -dIe rms value of the measured input signal to the rms 
um of all other s 
al com 
nents below the Nyquist fre- 
qw:ncy, inc c\ldmg 
ut excluding de. 


Inter 
11 a on 'Distortion (IMD)- 
With inputs consisting of 
ine 
BV s 
t two frequencies, fa and fb, any device with nonlin- 
~ities 
will creav distortion products, of order (m + n), at sum 
and difference frequencies of mfa ± nfb, where m, n = 0, 1, 2, 
3 . •. 
Intermodulatlon 
terms are those for which m or n is not 
equal to zero. For example, the second order terms are (fa + fb) 
and (fa - fb) and the third order terms are (2 fa + fb), 
(1 fa - fb), (fa + 2 fb) and (2 fb - fa). The IMD products 
are expressed as the decibel ratio of the RMS sum of the mea- 
sured input signals to the RMS sum of the distortion terms. 
The two signals are of equal amplitude and the peak value of 
their sums is -0.5 
dB from full scale. The IMD products are 
normalized to a 0 dB input signal. 


This information 
applies to a product 
under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 


Analog 
Devices assumes no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 


FEATURES 
Low Nonlinearity: 
±7.6 ppm max (1/2 LSB @ 16-Bit 
Accuracy) 
Fast Acquisition 
Time to ±0.OOO76%:3.5 •.•.s 
Low Droop Rate: 0.02 •.•.VI •.•.s 
Aperture 
Jitter: 
150 ps 
±10 V Input Range 
Hold Mode Feedthrough 
Rejection of -106 
dB 
14-Pin Metal DIP 
Gain of +1 VIV 
Low Cost 


APPUCATIONS 
Medical and Analytical 
Instrumentation 
Automatic 
Test Equipment 
Data Acquisition 
for Signal Processing 
Simultaneous 
Sample-and-Hold 
Peak Measurement 
Detection 
Event Analysis 


GENERAL 
DESCRIPTION 
The AD1154 is a high accuracy, low cost sample-and-hold 
amplifier (SHA) designed to be used in high resolution data 
acquisition systems. It is complete with internal hold capacitor 
and proprietary 
capacitor trimmed compensation circuitry. Its 
accuracy (0.00076% of full scale range) and dynamic perform- 
ance allow it to be used with high speed l6-bit AID converters. 
The AD 1154's low price enables users to upgrade the front end 
performance of 14-bit systems without increasing system cost. 
Its gain accuracy and droop rate in "hold" mode also allow accu- 
rate conversion by slower 16-bit AID converters having conver- 
sion times of up to 7.6 ms. 


The AD1154 is a hybrid noninverting 
sample-and-hold 
amplifier 


(SHA) with a gain of + I VN. It can be utilized in most invert- 
ing SHA applications by inverting the digital data. The AD1154 
is packaged in a compact 14-pin metal DIP. 


Typical applications for the AD 1154 include data acquisition 
systems, strobed measurement 
systems, peak hold circuits and 
simultaneous sample-and-hold 
functions. The AD1154 is avail- 
able in two grades, both operating over the - 25°C to +85°C 
temperature 
range. The "A" grade is specified for 15-bit accu- 
rate systems, while the "B" grade offers superior performance 
for true 16-bit applications. 
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PRODUCT 
HIGHLIGHTS 
1. Fast acquisition and low jitter make it the right choice for 
high speed, high accuracy data acquisition. 


2. Its low droop rate (0.02 I.LV/l.Ls)allows it to be used in slower 


systems without noticeable performance degradation. 


3. The AD1154 is ideal for systems requiring wide dynamic 


range. 


4. Low price reduces overall system cost. 


5. Unity gain buffer architecture allows ease of use. 


ADll54 -SPECIFICATIONS 
(typical @ 25°C and nominal power supply of :1:15 V unless otherwise noted) 


Model 
ADllS4AW 
ADllS4BW 
Units 


ANALOG 
INPUT 
- 


Voltage Range 
±IO min 
· 
V 


Overvoltage (No Damage) 
±Vs 
• 
V 


Input Impedance 
1012 
• 
il 
Input Capacitance 
10 
· 


pF 


DIGITAL 
INPUT 
(TTL 
COMPATIBLE) 


Sample Mode Logic "I" 
2.0 min 
· 
V 
Hold Mode Logic "0" 
0.8 max 
• 
V 


Logic "I" Current 
1 
· 


!LA 
Logic "0" Current 
3 
· 


I'-A 


ANALOG 
OUTPUT 


Voltage (RLOAo2:2 kil) 
±IO min 
· 
V 


Shorr Circuit Current 
20 
· 


mA 
Impedance 
0.1 
· 


il@IkHz 
- 


DC ACCURACY/STABILITY 
Gain 
+1 
· 


VN 


Gain Error 
±0.003 (±O.OI max) · 
% 


Gain Temperature 
Coefficient 
±O.I (±I 
max) 
· 


ppmf'C 
Nonlinearity 


Sample Model 
±0.ooI5 
• 
% 


Hold Mode 
±0.ooI5 
max 
±0.00076 
max 
% 


Per mV of Offset Adjust (Hold Mode) 
±0.3 
• 
ppm/mV 
Offset Error (Adjustable 
to Zero) 
±3 (±20 max) 
· 
mV 
Offset Error @ T min> T~ 
2 
±0.6 
• 
mV 
Offset Tempco per mV of Offset Adjust 
±0.5 
· 


I'-VrCJmV 


SAMPLE 
MODE 
DYNAMICS 


Small Signal Bandwidth 
(- 3 dB) 
1 
· 


MHz 


Full Power Bandwidth 
120 
· 


kHz 
Slew Rate 
10 
• 
V/I'-S 
Noise (dc to 1 MHz) 
40 
· 


I'-Vrms 


SAMPLE-TO-HOLD 
SWITCHING 
Apenure 
Delay 
80 
· 


ns 
Apenure 
Uncertainty 
(Jitter) 
150 
· 


ps 


Offset Step (Pedestal) 
±8 
· 


mV 
Switching Transient 
Amplitude 
±75 
· 


mV 
Settling to ±0.003% 
0.4 
· 


I'-S 


Settling to ±0.OOO76% 
1 
· 
I'-S 


Dielectric Absorption 
Error (Uncompensated) 
0.003 
· 
% 


HOLD 
MODE 
DYNAMICS 
Droop Rate 
0.2 (0.7 max) 
0.1 (0.35 max) 
I'-V/IJ-S 


Droop Rate @ T ~ 
5 
2.5 
I'-V/I'-S 


Feedthrough 
Rejection (20 V POp@ 10 kHz) 
-106 
(-%max) 
· 


dB 


HOLD-TO-TRACK 
SWITCHING 
Acquisition Time to ±0.OOO76% of 20 V' 
5 (8 max) 
3.5 (5 max) 
I'-S 


POWER 
REQUIREMENTS 
Nominal Voltage for Rated Performance 
(Vs) 
±I5 (±3%) 
· 


V 
Power Supply Rejection 
20 
· 


I'-VN 
Supply Current 
+Vs 
10 
· 


mA 
-Vs 
10 
· 


mA 
Power Dissipation 
300 
· 


mW 


TEMPERATURE 
RANGE 
Rated Performance 
-25 
to +85 
· 
'C 
Storage 
-40 
to +125 
• 
'C 


PACKAGE 
I4-Pin DIP 
· 
NOTE 
lThe AD1l54 was designed specifically for 16-bit accurate sample/hold applications (tailored for hold mode 
performance), but it may be used as a track-and-hold amplifier with IS-bit accurate tracking performance. 
2Error at +25"<: 
adjusted to zero. 
'Tested with 5 ill 
load. 


*Specification 
same as ADllS4AW. 
Specifications subject to change without notice. 


OUTLINE 
DIMENSIONS 
Dimensions are shown in inches and (mm). 
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STANDOFF DETAil 


PIN 
DESCRIPTION 
PIN 
DESCRIPTION 
, 
SHA CONTROL 
8 
SHA OUTPUT 
2 
NO CONNECTION 
9 
OFFSET ADJUST 
3 
NO CONNECTION 
'0 
NO CONNECTION 
• 
DIGITAL 
GROUND 
" 
+15 V 
s 
NO CONNECTION 
'2 
ANA 
GNDIDA 
COMP 
• 
ANALOG 
GROUND 
13 
SHA INPUT 


7 
OFFSET ADJUST 
" 
-15V 


TO -t10V 


TO -10V 


""'il 


\ 
\ 
\ 
\ 
\ 


/ 
/ 
/ 


J 
V 
/ 


V 
/ V 
-- 


Figure 1. Acquisition Time vs. Final Error Band for 20 Volt 
Step 


TERMINOLOGY 
Accuracy is the peak deviation of the output from a straight line 
through the endpoints of the transfer function. It is expressed as 
a percentage of the full scale output range. Note that this 
parameter is measured in hold mode because the actual voltage 
to be converted is the voltage present at the output of the device 
during the hold mode. 


Acquisition 
Time is the time required by the device to reach its 
final value within a given error band after the sample/track com- 
mand has been given assuming that the input amplifier has set- 
tled. This includes switch delay time, slewing time and settling 
time for a given output voltage change. 


Aperture Time is the time required after the hold command for 
the switch to open fully. The sample is, in effect, delayed by 
this interval, and the hold command would have to be advanced 
by this amount for precise timing. 


Aperture Jiner 
is the range of variation in the aperture time. If 
the aperture time is "tuned out" by advancing the hold com- 
mand a suitable amount, this spec establishes the ultimate tim- 
ing error, hence, the maximum sampling frequency to a given 
resolution. 


Charge Transfer (or offset step or pedestal) is the charge trans- 
ferred to the storage capacitor when switching to the hold mode. 


Droop Rate is the rate of change in output voltage over time 
while in the hold mode. The droop rate will determine how 
long a signal can be accurately held before it changes more than 
I LSB. 


Feedthrough is the fraction of the input signal variation or ac 
input waveform that appears at the output in hold. It is caused 
by stray capacitive coupling from the input to the storage capac- 
itor, principally across the open switch. 


Small Signal Bandwidth 
is the maximum analog signal frequency 


that can be tracked before the gain is reduced by 3 dB. This 
assumes the signal amplitude is small enough so as not to be 
slew rate limited. 


Switching 
Transient Selliing 
Time is the time required for the 
device to stabilize in the hold mode to within specified limits of 
its fmal value after the hold mode signal has been given. 


INVERTING 
VS. NONINVERTING 
ARCHITECTURE 
The AD1154 has a gain of + I VN. Many StH amplifiers use an 
inverting architecture and hence have a gain of - I VN. The 
AD 1154, because of its noninverting 
architecture, 
does not have 
an externally accessible summing point. This pin is found on 
most inverting StHs and is typically not used. In applications 
where the summing junction is not connected, 
the AD1154 can 
be used as a direct hardware replacement by tying Pin 12 to 
ground, but the output is of opposite polarity. 


GROUNDING 
CONSIDERATIONS 
The AD1154 is a true 16-bit performance sample/hold amplifier. 
In order to insure proper operation of the deVIce, great care 
must be taken in managing the ground tracks. It is recom- 
mended that Pins 4, 6 and 12 of the AD1154 be tied together 
directly outside of the package. This point should then be tied 
to the analog ground of the ND converter, as shown in Figure 
8. This track should be as short and wide as possible to mini- 
mize voltage drops. Also note from the figure that any other 
analog grounds in the signal path should be joined to the NO 
converter analog ground. 


Figure 
8. Basic 
Grounding 
and 
Power 
Supply 
Bypassing 
Practice 


DIELECTRIC ABSORPTION COMPENSATION 
The hold capacitor used in the AD 1154 is a high quality ceramic 
chip capacitor. This capacitor's dielectric absorption characteris- 
tics are typically better than high quality film capacitors. In 
addition, the AD1154 provides a means for compensating for 
the dielectric absorption of the capacitor if better performance is 
required. 
If dielectric absorption compensation is not used, Pin 
12 should be tied to ground. Please refer to the section titled 
"DISCUSSION 
OF DIELECTRIC 
ABSORPTION" 
for more 
detailed information. 


POWER SUPPLY BYPASSING 
The AD 1154 utilizes high speed amplifiers in its design. These 
amplifiers require quiet power supplies that are free from 
spikes. For maximum performance it is recommended 
that both 
power supplies be bypassed with 0.1 •.•.F ceramic capacitors in 
parallel with 10 •.•.F tantalum capacitors located as close to the 
device as possible (see Figure 8). 


DISCUSSION 
OF DIELECTRIC ABSORPTION 
The hold capacitor of the AD 1154 was chosen for its low dielec- 
tric absorption (D. A.) characteristics. 
D.A. is directly affected 
by the sample/hold mode switching durations and input levels. 
The ADIl54 
provides the user with a pin for external D.A. 


compensation circuitry. The AD 1154's uncompensated 
D.A. 


performance is inherently superior, and in most applications the 
D.A. compensation pin should be connected to ground. Where 
additional compensation is desired to tailor the ADIl54 
to a 
specific user's application, only three resistors and a capacitor 
are required to optimize the AD1l54's 
D.A. performance (see 
Figure 11). 


If a capacitor is charged to a voltage, discharged for a moderate 
period of time, and then open circuited, the voltage on the 
capacitor will begin to creep back towards its initial value. This 
creep voltage is known as dielectric absorption. 
Dielectric 
absorption occurs because the dielectric material doesn't polarize 
instantly, the molecules need time to align themselves. As a 
result, not all of the energy stored in a capacitor can be quickly 
recovered upon discharge. 


A first order model of the hold capacitor to include dielectric 
absorption effects is shown in Figure 9. In addition to the main 
capacitance, CM' and the insulation resistance, RI, there is an 


Figure 9. First Order Model of D. A. Effects 


ROA and a COA. When the capacitor is charged to some value, 
COA is also charged. When the capacitor is discharged, 
COA also 
discharges. But it must discharge through ROM and, if the 
capacitor is not discharged for a long enough period of time, 
COA will not completely discharge. As a result, when the capaci- 
tor is open circuited, COA will discharge into CM causing the 
voltage across it to creep back towards its initial value. The 
actual model of the capacitor should contain additional ROAs 
and COAs with increasing time constants in parallel with the one 
shown. 


Figure 10 shows a circuit suitable for measuring the dielectric 
absorption of samplelhold amplifiers. The circuit operates as 
follows: Rl and Cl set the frequency of the SHA control; R2 
and C2 set the amount of acquisition time allowed fot the SHA. 
See the timing diagram of Figure 10. 
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During T B' the CONTROL 
line is high, the AD 1154 is in the 
sample mode and the analog input charges the hold capacitor to 
+ 10 V. During Tc the analog input to the SHA is switched to 
ground, effectively shorting the hold capacitor for the remainder 
of the sample period. During T M the SHA is switched into hold 
mode and the hold capacitor is open circuited. The dielectric 
rebound can be observed on the oscilloscope during TA' Refer 
to Figure 12. 


Note that the dielectric absorption error is dependent on several 
factors: it is a function of how long the capacitor is charged 
(T B)' how long it is discharged (Tel and how long it is observed 
while open circuited (T A)' These parameters can be modified by 


changing Rl, R2, Cl and C2. 


The ADIl54 
provides a pin to compensate for dielectric absorp- 


tion. To use it, the circuit of Figure 11 must be employed. 


To fmd the optimum values for Rl, R2, R3 and Cl follow this 
procedure: 


1. Adjust the D.A. measurement 
circuit (see Figure 10) to rep- 
resent a typical sampling rate. 


2. Observe the dielectric absorption error on the oscilloscope. 


3. Pick (RIIIR2) • Cl to be equal to the approximate time con- 
stant (Teo",,) 
of the dielectric rebound on the oscilloscope 


(see photo in Figure 12). 


4. R3 is used to adjust the magnitude of the compensation. 
To 
find an initial approximation 
for R3, the following relation- 
ship can be used: 
R3 = [Magnimde of D.A. error x(RI +R2)]/10 x 


1I(e - Terr CONST 
_ e - TAft CONST) 


5. R3 can then be fine trimmed for the flattest output during 
hold. 


Using this method it is possible to reduce the effect of dielectric 
absorption by a factor of four or five. The typical values for 
resistors and capacitor given in Figure II are for a sample time 
of 20 floS,acquisition time of 5 floSand a hold time of 20 floS. 
When determining 
the values, R3 should be less than 10 fl, and 
C1 should be as small as possible. 


~~OPF 


DYNAMIC SIGNALS 
The primary purpose of using a samplelhold in front of an ND 
converter is to hold the input constant while the ND performs 
its conversion. Without a samplelhold, a 16-bit ND converter 
would not be able to accurately digitize any signal whose slew 
rate exceeded 1 LSB divided by the conversion time. Or, for a 
15 floSND with an input range of ± 10 V this says: 


Input Signal Slew RateMAX = 1 LSB 
-T Conversion Time 
=20.3 VIS 


Since the maximum slew rate of a sinusoid is defmed as: 


Slew RateMAX = 2 • 1T 
• Amplitude. 
Frequency 
This translates into a maximum input frequency of: 


FIN MAX= Slew RateMAX -T (2 • 1T 
• Amplimde) 
= 0.32 Hz 
By using a samplelhold, however, the maximum slew rate of the 
input signal is now limited by the aperture jitter of the sampleJ 
hold, which is usually orders of magnimde better than a conver- 
sion time. Specifically, for an AD1154 the analysis is: 


Input Signal Slew RateMAX = 1 LSB 
-T Aperture Jitter 
= 
2.035 V/floS. 


Now the maximum input frequency becomes: 


FIN MAX= Slew RateMAX -T (2 • 1T • Amplitude) 
= 32.4 kHz. 


This represents a dramatic improvement 
over using the ND 
converter by itself. The AD 1154's 222 kHz throughput 
(II(TACQ + TsETT)) and 150 ps aperture jitter allow it to digi- 
tize input signals of up to 32 kHz to 16-bit accuracy or up to a 
128 kHz signal to 14-bits. 


OPERATING INSTRUCTIONS 
Offset Adjust 
In most data acquisition systems only one offset adjustment 
is 
made. Usually the offset adjust of the ND converter is used to 
null the combined system offsets. However, the offset or pedes- 
tal of the AD 1154 can be nulled by connecting a trim potenti- 
ometer between Pins 7 and 9, and eying the wiper to + 15 V 
(refer to Figure 13.) To null the pedestal, ground the input of 
the SHA and toggle the SHA CONTROL. 
Then adjust the pot 
until the output of the SHA in hold mode reads 0 V. Please 
note that each millivolt of offset adjust adjustment degrades lin- 
earity by 0.3 ppm. 


APPLICATIONS 
50kHz Sampling ND System 
Figure 14 shows a typical connection of the AD 1154 to the 
AD1376 (16-bit 15.5 floSND converter). This combination will 
result in an ND conversion system capable of sampling a 
25 kHz signal at a 50 kHz throughput 
rate. (Where Throughput 
Rate = TACQ + TSETTLE + TcoNv 
= 3.5 floS+ I floS+ 
15.5 floS= 20 floS.)This example has an input range of ± 10 V, 
power consumption of < 1 W and 16-bit resolution. The 
accuracy of this system is limited to the AD 1376's 14-bit 
performance. 


Track-and-Ho1d 
The AD1154's design is optimized for sample-and-hold 
applica- 
tions and is internally compensated to guarantee 16-bit 
(0.00076%) hold mode gain nonlinearity. 
Even though the 
AD1154 is tailored specifically as a SHA, it may be used as a 
track-and-hold 
amplifier providing 15-bit (0.0015%) track mode 
gain nonlinearity. 


IlIIIIIIII ANALOG 
WDEVICES 


I 
FEATURES 
Excellent Hold Mode Distortion 
-88 dB @ 30 MSPS (2.3 MHz V'N) 
-83 dB @ 30 MSPS (12.1 MHz V'N) 
-74 dB @ 30 MSPS (19.7 MHz V'N) 
16 ns Acquisition Time to 0.01% 
<1 ps Aperture Jitter 
250 MHz Tracking Bandwidth 
83 dB Feedthrough Rejection @ 20 MHz 
3.3 nV/v'HZ Spectral Noise Density 


APPLICATIONS 
A/D Conversion 
Direct IF Sampling 
Imaging/FLIR Systems 
Peak Detectors 
Radar/EW/ECM 
Spectrum Analysis 
CCD ATE 


GENERAL 
DESCRIPTION 
The AD9100 is a monolithic track-and-hold 
amplifier which sets 
a new standard for high speed and high dynamic range applica- 
tions. It is fabricated in a mature high speed complementary 
bipolar process. In addition to innovative design topologies, a 
custom package is utilized to minimize parasitics and optimize 
dynamic performance. 


Acquisition time (hold to track) is 13 ns to 0.1 % accuracy, and 
16 ns to 0.01 %. The AD9100 boasts superlative hold-mode fre- 
quency domain performance; 
when sampling at 30 MSPS hold 
mode distortion is less than - 83 dBfs for analog frequencies up 
to 12 MHz; and -74 dBfs at 20 MHz. The AD9100 can also 
drive capacitive loads up to 100 pF with little degradation in 
acquisition time; it is therefore well suited to drive 8- and 10-bit 
flash converters at clock speeds to 50 MSPS. With a spectral 
noise density of 3.3 nV/yHz 
and feedthrough rejection of 83 dB 


at 20 MHz, the AD9100 is well suited to enhance the dynamic 
range of many 8- to 16-bit systems. 


Ultrahigh Speed 


Monolithic Track-and-Hold 


AD9100* 
I 


• 
The AD9100 is "user friendly" and easy to apply: (I) it requires 
+5 V1-5.2 V power supplies; (2) the hold capacitor and switch 
power supply decoupling capacitors are built into the DIP 
package; (3) the encode clock is differential ECL to minimize 
clock jitter; (4) the input resistance is typically 800 k!l; (5) the 
analog input is internally clamped to prevent damage from volt- 
age transients. 


The AD9100 is available in a 20-lead side-brazed "skinny DIP" 
package. Commercial, industrial, 
and military temperature 
grade 


parts are available. Consult the factory for information about the 
availability of surface mount packages and 883-qualified devices. 


PRODUCT 
HIGHLIGHTS 
I. Hold Mode Distortion is guaranteed. 


2. Monolithic construction. 


3. Analog input is internally clamped to protect against over- 
voltage transients and ensure fast recovery. 


4. Output is short circuit protected. 


5. Drives capacitive loads to 100 pF. 


6. Differential ECL clock inputs. 


AD9100 -SPECIFICATIONS 


ABSOLUTE 
MAXIMUM 
RATINGS' 
Supply Voltages (±Vs) 
±6 V 
Continuous Output Current 
70 mA 
Analog Input Voltage2 
••••••••••••••••••••••• 
±5 V 


Junction Temperature 
+ 175°C 
Storage Temperature 
-65°C to + 150°C 
Lead Soldering Temperature 
(10 sec) . . . . . . . . . . . . + 300°C 


Test 
AD9100JD/AD/SD3 


Parameter 
Conditions 
Temp 
Level 
Min 
Typ 
Max 
Units 


DC ACCURACY 
Gain 
~V'N=2V 
Full 
VI 
0.989 
0.994 
VN 
Offset 
V'N = 0 V 
Full 
VI 
-5 
±1 
+5 
mV 
Output Resistance 
25°C 
V 
0.4 
n 
Output Drive Capability 
Full 
VI 
±4O 
±60 
mA 
PSRR 
~Vs = 0.5 V p-p 
Full 
VI 
48 
55 
dB 
Pedestal Sensitivity to Supply 
~Vs = 0.5 V p-p 
Full 
VI 
0.9 
3 
mVN 


ANALOGINPUT/OUTPUT 
Output Voltage Range 
Full 
VI 
+2 
±2.2 
-2 
V 
Input Bias Current 
25°C 
VI 
-8 
±3 
+8 
ILA 
Full 
VI 
-16 
+16 
ILA 
Input Overdrive Current' 
V'N = ±4 V 
25°C 
V 
±22 
mA 
Input Capacitance 
25°C 
V 
1.2 
pF 
Input Resistance 
25°C, T""", 
VI 
350 
800 
kn 
Tmin 
VI 
200 
kn 


CLOCK/CLOCK 
INPUTS 
Input Bias Current 
CUCL 
= -1.0V 
Full 
VI 
4 
5 
mA 
Input Low Voltage (V'L) 
Full 
VI 
-1.8 
-1.5 
V 
Input High Voltage (VlH) 
Full 
VI 
-1.0 
-0.8 
V 


TRACK MODE DYNAMICS 
Bandwidth (- 3 dB) 
VOUT ";0.4 V p-p 
Full 
IV 
150 
250 
MHz 
Slew Rate 
4-Volt Step 
25°C 
IV 
550 
850 
VII'S 
4-Volt Step 
Tmin, Tmax 
IV 
500 
700 
VII'S 
Overdrive Recovery Time' (to 0.1%) 
V'N = ±4 V to 0 V 
25°C 
V 
21 
ns 
2nd Harm. Dist. (20 MHz, 2 V p-p) 
Full 
V 
-65 
dBc 
3rd Harm. Dist. (20 MHz, 2 V p-p) 
Full 
V 
-75 
dBc 
Integrated Output Noise (1-200 MHz) 
25°C 
V 
45 
ILV 
RMS Spectral Noise @ 10 MHz 
25°C 
V 
3.3 
nV/y'Hz 


HOLD MODE DYNAMICS 
.~ 


Worst Harmonic (2.3 MHz, 30 MSPS) 
VOUT = 2 V p-p 
25°C 
V 
-83 
dBfs 
Worst Harmonic (12.1 MHz, 30 MSPS) 
VOUT = 2 V p-p 
25°C 
IV 
-81 
-72 
dBfs 
Worst Harmonic (12.1 MHz, 30 MSPS) 
VOUT = 2 Vp-p 
T""", 
IV 
-76 
-70 
dBfs 
Worst Harmonic (12.1 MHz, 30 MSPS) 
VOUT = 2 V p-p 
Tmin 
IV 
-73 
-68 
dBfs 
Worst Harmonic (19.7 MHz, 30 MSPS) 
VOUT = 2 V p-p 
25°C 
V 
-74 
dBfs 
Hold Noise' 
25°C 
V 
300 x tH 
VIs rms 
Droop Rate" 
VIN = 0 V 
25°C 
VI 
1 
6 
±mV/lLs 
Tmin 
VI 
7 
40 
±mV/lLs 
T""", 
VI 
5 
30 
±mV/lLs 
Feedthrough 
Rejection (20 MHz) 
V'N = 2 V p-p 
Full 
V 
83 
dB 
TRACK-TO-HOLD 
SWITCHING 
Aperture Delay 
25°C 
V 
+800 
ps 
Aperture Jitter 
25°C 
V 
<1 
ps 
Pedestal Offset 
VIN = 0 V 
25°C 
VI 
-5 
±1 
+5 
mV 
Full 
VI 
-10 
+10 
mV 
Transient Amplitude 
VIN = 0 V 
Full 
V 
±6 
mV 


Settling Time to 1 mV 
Full 
IV 
7 
10 
ns 
Glitch Product 
V'N = OV 
25°C 
V 
15 
pV-s 


HOLD-TO-TRACK 
SWITCHING 
Acquisition Time to 0.1% 
2 V Step 
25°C 
V 
13 
ns 
Acquisition Time to 0.01% 
2 V Step 
Full 
IV 
16 
23 
ns 
Acquisition Time to 0.01% 
4 V Step 
25°C 
V 
20 
ns 


Test 
AD91oo]D/AD/SD3 
Parameter 
Conditions 
Temp 
Level 
Min 
Typ 
Max 
Units 


POWER SUPPLY 
Power Dissipation 
Full 
VI 
l.OS 
l.2S 
W 
+Vs Current 
Full 
VI 
96 
118 
mA 


-Vs 
Current 
Full 
VI 
116 
132 
mA 


NOTES 
IAbsolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional opera- 
bility is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 


2Analog input voltage should not exceed ±Vs. 
'The "Full" temperature specifications refer to the ambient temperature for the DIP package only after a power soak. AD9100]D: O·Cto + 70·C. AD9100AD: 
-40"(; to +g5"(;. AD9100SD: -55·C to + 125·C. aJA = 38"C/W; this is valid with the device mounted flush to a grounded 2-oz copper clad board with 16 sq. 
inches of surface area and no air flow. 
+rite input to the AD9100 is internally clamped at ±2.3 V. The internal input series resistance is nominally 50 n. 
5Hold mode noise is proponional to the length of time a signal is held. For example, if the hold time (tH) is 20 os, the accumulated noise is typically 6 jJ. V 
(300 VIs x 20 ns). This value must be combined with the track mode noise to obtain total noise. 
6Min and max droop rates are based on the military temperature range (-55°C to + 125°C). Refer to the "Droop Rate vs Temperature" 
chart for minimax limits 
over the commercial and industrial ranges. 
Specifications subject to change without notice. 


EXPLANATION 
OF TEST 
LEVELS 


Test Level 
I 
100% production tested. 
II 
100% production tested at + 2SoC, and sample tested at 
specified temperatures. 
III 
Periodically sample tested. 


IV 
Parameter is guaranteed by design and characterization 
testing. 


V 
Parameter is a typical value only. 
VI 
All devices are 100% production 
tested at + 2SoC. 100% 
production tested at temperature 
extremes for 
extended temperature 
devices; sample tested at 
temperature 
extremes for cornmerciaUindustrial devices. 


• 
Modell 


AD9100JD 
AD9100AD 
AD9100SD 


Temperature 
Range 


O°Cto +70°C 
-40°C to +8SoC 
- SsoC to + 12SoC 


Package 
Option' 


D-20 
D·20 
D-20 


NOTES 
lConsult factory about availability of parts in LCC packages, as well as parts 
screened to MIL-STD-gg3. 
2D = Ceramic DIP. For outline information see Package Information 
section. 


DIP PIN DESCRIPTIONS/CONNECTIONS 


Pin No. 
Description 
Connection 


1 
-Vs 
-5.2 
V Power Supply 
2 
GND 
Common Ground Plane 
3 
GND 
Common Ground Plane 
4 
VIN 
Analog Input Signal 
5 
-Vs 
-5.2 
V Power Supply 
6 
BYPASS 
0.1 fLFto Ground 
7 
-Vs 
-5.2 
V Power Supply 
8 
GND 
Common Ground Plane 
9 
VOUT 
Track-and-Hold 
Output 
10 
GND 
Common Ground Plane 
11 
GND 
Common Ground Plane 
12 
GND 
Common Ground Plane 
13 
GND 
Common Ground Plane 
14 
+Vs 
+5 V, Power Supply 
15 
BYPASS 
0.1 fLF to Ground 
16 
+Vs 
+5 V, Power Supply 
17 
GND 
Common Ground Plane 
18 
CLK 
Complement ECL Clock 
19 
CLK 
"True" 
ECL Clock 
20 
+Vs 
+5 V Power Supply 


LCC PIN DESCRIPTIONS/CONNECTIONS 


Pin No. 
Description 
Connection 


1 
GND 
Common Ground Plane 
2 
GND 
Common Ground Plane 
3 
NC 
None 
4 
-Vs 
-5.2 
V Power Supply 
5 
-Vs 
-5.2 
V Power Supply 
6 
NC 
None 
7 
V1N 
Analog Input Supply 
8 
-Vs 
-5.2 
V Power Supply 
9 
-Vs 
-5.2 
V Power Supply 
10 
NC 
None 
11 
-Vs 
-5.2 
V Power Supply 
12 
-Vs 
-5.2 
V Power Supply 
13 
-Vs 
-5.2 
V Power Supply 
14 
BYPASS 
0.1 fLFto Pin 16 
15 
VOUT 
Track-and-Hold 
Output 
16 
BYPASS 
0.1 fLFto Pin 14 
17 
+Vs 
+ 5 V Power Supply 
18 
+Vs 
+ 5 V Power Supply 
19 
+Vs 
+ 5 V Power Supply 
20 
HOLDCAP 
External Hold Capacitor 
21 
HOLDCAP 
External Hold Capacitor 
22 
+Vs 
+ 5 V Power Supply 
23 
+Vs 
+ 5 V Power Supply 
24 
GND 
Common Ground Plane 
25 
+Vs 
+ 5 V Power Supply 
26 
+Vs 
+5 V Power Supply 
27 
CLOCK 
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Acquisition 
Time is the amount of time it takes the AD9100 to 
reacquire the analog input when switching from hold to track 
mode. The interval starts at the 50% clock transition point and 
ends when the input signal is reacquired to within a specified 
error band at the hold capacitor. 


Analog Delay is the time required for an analog input signal to 
propagate from the device input to output. 


Aperture 
Delay tells when the input signal is actually sampled. 
It is the twe 
difference between the analog propagation delay of 
the front-end buffer and the control switch delay time. (The 
time from the hold command transition to when the switch is 
opened.) For the AD9l00, 
this is a positive value which means 
that the switch delay is longer than the analog delay. 


Aperture Jitter is the random variation in the aperture delay. 
This is measured in ps-rms and results in phase noise on the 
held signal. 


Droop Rate is the change in output voltage as a function of 
time (dV/dt). It is measured at the AD9l00 output with the de- 
vice in hold mode and the input held at a specified dc value; the 
measurement 
starts in1mediately after the TIH switches from 
track to hold. 


APERTURE 
DELAY 
(0.8no) 


OBSERVED 
AT 
HOLD CAPACITOR 


OBSERVED 
AT 
ANALOG 
OUTPUT 
-- 


Feedthrough 
Rejection 
is the ratio of the input signal to the 
output signal when in hold mode. This is a measure of how well 
the switch isolates the input signal from feeding through to the 
output. 


Hold to Track Switch Delay is the time delay from the track 
command to the point when the output starts to change and ac- 
quire a new signal. 


Pedestal 
Offset is the offset voltage step measured immediately 
after the AD9100 is switched from track to hold with the input 
held at zero volts. It manifests itself as an added offset during 
the hold time. 


Track to Hold Settling Time is the time necessary for the track 
to hold switching transient to settle to within I mV of its final 
value. 


Track to Hold Switching Transient 
is the maximum peak 
switch induced transient voltage which appears at the AD9loo 
output when it is switched from track to hold. 


THEORY 
OF OPERATION 
The AD9l00 utilizes a new track and hold architecture. 
Previ- 
ous commercially available high speed track and holds used a 
front end open loop input buffer, followed by a diode bridge, 
hold capacitor, and output buffer (closed or open loop) with a 
FET device connected to the hold capacitor. This architecture 
required mixed device technology and, usually, hybrid construc- 
tion. The sampling rate of these hybrids has been limited to 20 
MSPS for 12-bit accuracy. Distortion generated in the front-end 
amplifierlbridge 
limited the dynamic range performance to the 
"mid-70 dBfs" for analog input signals of less than 10 MHz. 
Broadband and switch-generated 
noise limited the SNR of previ- 
ous track and holds to about 70 dB. 


The AD9loo is a monolithic device using a high frequency com- 
plementary bipolar process to achieve new levels of high speed 
precision. Its patent pending architecture 
breaks from the tradi- 
tional architecture 
described above. (See the block diagram on 


the first page.) The switching type bridge has been integrated 
into the first stage closed loop input amplifier. This innovation 
provides error (distortion) correction for both the switch and 
amplifier, while still achieving slew rates representative 
of an 
open-loop design. In addition, acquisiticn slew current for the 
hold capacitor is higher than standard diode bridge and switch 
configurations, 
removing a main contributor 
to the limits of 
maximum sampling rate and input frequency. 


Switching circuits in the device use current steering (versus volt- 
age switching) to provide improved isolation between the switch 
and analog sections. This results in low aperture time sensitivity 
to the analog input signal, and reduced power supply and analog 
switching noise. Track to hold peak switching transient is typi- 
cally only 6 mV and settles to less than I mV in 7 ns. In addi- 
tion, pedestal sensitivity to analog input voltage is very low 
(0.6 mVN) and being first order linear does not significantly 
affect distortion. 


The closed-loop output buffer includes zero voltage bias current 
cancellation, which results in high-temperature 
droop rates 


equivalent to those found in FET type inputs. The buffer also 
provides first order quasistatic bias correction resulting in an 
extremely high input resistance and very low droop sensitivity 
vs. input voltage level (typically less than 1.5 mVN-fLs.) 
This 
closed-loop architecture inherently provides high speed loop cor- 
rection and results in low distortion under heavy loads. 


The extremely fast time constant linearity (7 ns to 0.01 % for a 
2 V step) ensures that the output buffer does not limit the 
AD9loo sampling rate or analog input frequency. (The acquisi- 
tion and settling time are primarily limited only by the input 
amplifier and switch.) The output is transparent 
to the overall 
AD9100 hold mode distortion levels for loads as low as 250 O. 


Full-scale track and acquisition slew rates achieved by the 
AD9100 are 800 and 1000 VlfLS,respectively. When combined 
with excellent phase margin (typically 5% overshoot), wide 
bandwidth, 
and de gain accuracy, acquisition time to 0.01% is 
only 16 ns. Though not tested, settling to 14-bit accuracy 
(-88 
dB distortion 
@ 2.3 MHz) can be inferred to be 20 ns. 


Acquisition 
Time 
Acquisition time is the amount of time it takes the AD9100 to 
reacquire the analog input when switching from hold to track 
mode. The interval starts at the 50% clock transition point and 
ends when the input signal is reacquired to within a specified 
error band at the hold capacitor. 


The hold to track switch delay (tOHt) can not be subtracted 
from this acquisition time because it is a charging time delay 
that occurs when moving from hold to track; this is typically 4 
to 6 ns and is the longest delay. Therefore, 
the track time re- 
quired for the AD9100 is the acquisition time, which includes 
tDHT. Note that the acquisition time is dermed as the settled 
voltage at the hold capacitor and does not include the delay and 
settling time of the output buffer. The example below illustrates 
why the output buffer amplifier does not contribute to the over- 
all AD9100 acquisition time. 


Figure 
1. Acquisition 
Time Diagram 


The exaggerated illustration in Figure I shows that VCH has set- 
tled to within x% of its final value, but VOUT(due to slew rate 
limitations, finite BW, power supply ringing, etc.) has not set- 
tled during the track time. However, since the output buffer 
always "tracks" 
the front end circuitry, it "catches up" during 
the hold time and directly superimposes itself (less about 600 ps 
of analog delay) to VCH' Since the small-signal settling time of 
the output buffer is about 1.8 ns to ± I mV and is significantly 
less than the specified hold time, acquisition time should be ref- 
erenced to the hold capacitor. 


Note that most of the hold settling time and output acquisition 
time are due to the input buffer and the switch network. For 
output acquisition time, the output buffer contributes only 
about 5 ns of the total; in hold mode, it contributes 
only 1.8 ns 


(as stated above). 


A stricter definition of acquisition time would total the acquisi- 
tion and hold times to a dermed accuracy. To obtain 12 bit + 
distortion levels and 30 MSPS operation, the recommended 
track and hold times are 20 ns and 13.5 ns, respectively. To 
drive an 8-bit flash converter with a 2 V p-p full-scale input, 
hold time to I LSB accuracy will be liinited primarily by the 
encoder, rather than by the AD9100. This makes it possible to 
reduce track time to approximately 
13 ns, with hold time chosen 
to optimize the encoder's performance. 


Hold vs. Track Mode Distortion 
In many traditional high speed, open loop track-and-holds, 
track 
mode distortion is often much better than hold mode distortion. 
Track mode distortion does not include nonlinearities due to the 
switch network, and does not correlate to the relevant hold 
mode distortion. 
But since hold mode distortion has traditionally 
been omitted from manufacturer's 
specification tables, users 
have had to discover for themselves the effective overall hold 
mode distortion of the combined T/H and encoder. 


The architecture of the AD9100 minimizes hold mode distortion 
over its specified frequency range. As an example, in track 
mode the worst harmonic generated for a 20 MHz input tone is 
typically -65 dBfs. In hold mode, under the same conditions 
and sampling at 30 MSPS, the worst harmonic generated is 
-74 dBfs. The reason is the output buffer in hold mode has 
only de distortion relevancy. With its inherent linearity (7 ns 
settling to 0.01%), the output buffer has essentially settled to its 
de distortion level even for track plus hold times as short as 
30 ns. For a traditional open-loop output buffer, the ac (track 
mode) and de (hold mode) distortion levels are often the same. 


Droop Rate 
Droop rate does not necessarily affect a track and hold's distor- 
tion characteristics. 
If the droop rate is constant versus the input 
voltage for a given hold time, it manifests itself as a de offset to 
the encoder. For the AD9100, the droop rate is typically 
± I mV/fLs. If a signal is held for I fLS,a subsequent encoder 
would see a I mV offset voltage. If there is no droop sensitivity 
to the held voltage value, the I mV offset would be constant 
and "ride" on the input signal and introduce no hold-mode 
nonlinearities. 


In instances in which droop rate varies proportionately 
to the 
magnitude of the held voltage signal level, a gain error only is 
introduced to the AID encoder. The AD9100 has a droop sensi- 
tivity to the input level of 1.5 mVN - fLsec. For a 2 V p-p input 
signal, this translates to a 0.15%/fLSgain error and does not 
cause additional distortion errors. 


For the AD9100, droop sensitivity to input level is insignificant. 
However, hold times longer than about 2 
fJ.S can cause distortion 
due to the R x CH time constant at the hold capacitor. In addi- 
tion, hold mode noise will increase linearly vs. hold time and 
thus degrade SNR performance. 


Layout Considerations 
For best performance results, good high speed design techniques 
must be applied. The component (top) side ground plane should 
be as large as possible; two-ounce copper cladding is preferable. 
All runs should be as short as possible, and decoupling capaci- 
tors must be used. 


Figure 2 is the schematic of a recommended AD9100 evaluation 
board. (Contact factory concerning availability of assembled 
boards.) All 0.01 fLFdecoupling capacitors should be low indue- 


tance surface mount devices (PIN 05085C103MT050 from AVX) 
and connected on the component side within 30 mils of the des- 
ignated pins; with the other sides soldered directly to the top 
ground plane. 


The 10 fLFlow frequency power supply tantalum decoupling 
capacitors should be located within 1.5 inches of the AD9100. 
The common 0.01 fLF supply capacitors can be wired together. 
The common power supply bus (connected to the 10 fLFcapaci- 
tor and power supply source) can be routed to the underside of 
the board to the daisy chain wired 0.01 fLFsupply capacitors. 


For remote input and/or output drive applications, controlled 
impedances are required to minimize line reflections which will 
reduce signal fidelity. When capacitive and/or high impedance 
levels are present, the load and/or source should be physically 
located within approximately one inch of the AD9100. Note that 
a series resistance, Rs, is required if the load is greater than 
6 pF. (The Recommended 
Rs vs. CL chart in the "Typical Per- 
formance Section" shows values of Rs for various capacitive 
loads which result in no more than a 20% increase in settling 
time for loads up to 80 pF.) As much of the ground plane as 
possible should be removed from around the VIN and VOUT 
pins to minimize coupling onto the analog signal path. 


While a single ground plane is recommended, 
the analog signal 
and differential ECL clock ground currents follow a narrow path 
directly under their common voltage signal line. To reduce re- 
flections, especially when terminations are used for transmission 
line efficiency, the clock, V1N, andVouT 
signals and respective 
ground paths should not cross each other; if they do, unwanted 
coupling can result. 


High current ground transients via the high frequency decou- 
piing capacitors can also cause unwanted coupling to the VIN 
and VOUT current loops. Therefore, 
these analog terminations 
should be kept as far as possible from the power supply decou- 
piing capacitors to minimize feedthrough. 


Using Sockets 
Pin sockets (PIN 6-330808-3 from AMP) should be used if the 
device can not be soldered directly to the PCB. High profile or 
wire wrap type sockets will dramatically reduce the dynamic 
performance of the device in addition to increasing the case-to- 
ambient thermal resistance. 
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NOTES: 


1) Rl, 
R2, & R3 ARE USER SELECTABLE 
DEPENDENT 
UPON LOGIC DRIVE 
LEVELS. 
FOR BIPOLAR 
DRIVE, 
PIN 4 (AD96685) 
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BE GROUNDED. 


2) 
ALL CAPACITORS 
ARE 0.01 ~F UNLESS 
OTHERWISE 
DESIGNATED. 
SURFACE 
MOUNT CAPS PREFERRED. 


3) 
Rs SHOULD 
BE SELECTED 
BASED ON 
THE LOAD CAPACITANCE 
AND MAY BE 
SHORTED 
FOR CAPACITIVE 
LOADS 
LESS 
THAN 6PF. 


4) 
Cl, 
C3, C5, & C7 ARE OPTIONAL. 
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SHEET LIMITS BASED 
ON USING THESE 
CAPACITORS. 
LITTLE OR NO 
DEGREDATION 
WHEN OMITTED. 
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Driving the Encode Clock 
The AD9100 requires a differential ECL clock command. Due 
to the high gain bandwidth of the AD9100 internal switch, the 
input clock should have a slew rate of at least 100 V/"..s. 


To obtain maximum signal to noise performance, especially at 
high analog input frequencies, a low jitter clock source is re- 
quired. The AD9100 clock can be driven by an AD96685, an 
ultrahigh speed ECL comparator with very low jitter. 


Clock/Clock 
Input 
Stage 


Driving the Analog Input 
Special care must be taken to ensure that the analog input signal 
is not compromised before it reaches the AD9100. To obtain 
maximum signal to noise performance, a very low phase noise 
analog source is required. In addition, input filtering and/or a 
low harmonic signal source is necessary to maximize the spuri- 
ous free dynamic range. Any required filtering should be done 
close to the AD9100 and away from any digital lines. 


Overdriving 
the Analog Input 
The AD9100 has input clamps that prevent hard saturation of 
the output buffer, thereby providing fast over-voltage recovery 
when the analog input transitions to the linear region (±2 V). 
The clamps are set internally at ±2.3 V and cannot be altered 
by the user. The output settles to 0.1% of its value 21 ns after 
the over-voltage condition is alleviated. When the analog input 
is outside the linear region, the analog output will be at either 
+2.2 V or -2.2 
V. 


Matching 
the AD9100 to AID Encoders 
The AD9100's analog output level may have to be offset or am- 
plified to match the full-scale range of a given AID converter. 
This can generally be accomplished by inserting an amplifier 
after the AD9100. For example, the AD671 is a 12-bit 500 ns 
monolithic ADC encoder that requires a 0 to + 5 V full-scale 
analog input. An AD84X series amplifier could be used to con- 
dition the AD9100 output to match the full-scale range of the 
AD671. 


Ultralow Distortion/Low 
Resistive Load Applications 
When driving low resistive loads or when the widest possible 
spurious free dynamic range is required, 
system performance 
can be improved by isolating the load from the AD9100. (See 
Figure 3.) The AD9620 low distortion closed-loop buffer ampli- 
fier has an input resistance of 800 kfl and generates harmonics 
that are less than those generated by the AD9100. Other buffers 
should not be considered if their harmonics are not lower than 
those of the AD9100. 


INTO LOW 
RESISTIVE 
LOAD 


Super Nyquist SignalsfLow Distortion 
The AD9100 can be used to sample super-Nyquist 
signals, mak- 
ing high fidelity direct IF sampling practical. For applications in 
which the analog input signal is >20 MHz, some improvement 
in system level performance may be achieved if the analog input 
to the AD9100 is reduced, then gained up at the output by a 
low distortion amplifier such as the AD9617. See Figure 4. 


LOW 
LEVEL 
SOURCE 


Low Noise Applications 
When processing low level single event signals in which noise 
performance is the primary concern, amplification ahead of the 
AD9100 can increase overall system signal to noise ratio. Front- 
end amplification often results in an increase in hold mode dis- 
tortion levels because of the track mode limitations of the 
amplifier which is used. Depending on the ~ignallevels and 
bandwidth, 
the AD9618 low noise high gain amplifier is a possi- 
ble candidate for this application. See Figure 5. 


As a gerwral rnle, if the goal is maximize SNR (minimize noise), 
pre-AD9100 amplification is recommended. 
When the system 
goal is to maximize the spurious free dynamic range (minimize 
distortion), 
post-AD9100 amplification is recommended. 
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I 
FEATURES 


• 
Four Independent 
Sample-and-Holds 
• 
Internal Hold Capacitors 
• 
High Accuracy 
-12-Blt 
• 
Very Low Droop Rate (2mV/s Typ) 
• 
Output Buffers 
Stable for CL S 500pF 
• 
TTLICMOS Compatible 
Logic Inputs 
• 
Single or Dual Supply Applications 
• 
Monolithic 
Low Power CMOS Design 


APPLICATIONS 


• 
Signal Processing 
Systems 
• 
MUltichannel 
Data Acquisition 
Systems 
• 
Automatic 
Test Equipment 
• 
Medical and Analytical 
Instrumentation 
• 
Event Analysis 
• 
DAC Deglltchlng 


ORDERING INFORMATION t 


PACKAGE 
OPERATING 
TEMPERATURE 
RANGE 
CERDIP 
16-PIN 


SMP04AO/883" 
SMP04EO 
MIL 
XIND 
XIND 
SMP04EP 
SMP04EStt 


Consult factory for 883 data sheet. 


t 
Burn-in is available 
on extended 
industrial 
temperature 
range parts in CerDJP 
and plastic 
DIP packages. 
tt 
For availability 
and burn-in 
information 
on SO packages, 
contact 
your local 
sales office. 
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VOUT' 


V,Nl 


N.C. 
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voo 


V0UT3 


V0UT4 
Vss 


12 
VIN-4 


11 
VlN3 
'0 
SIH.< 


• 
SJH3 


16-PIN CERDIP 
(a-Suffix) 


16-PIN PLASTIC DIP 
(P-Suffix) 


16-PIN SO 
(S-Sufflx) 


CMOS Quad 
Sample-and-Hold 
Amplifier 


SMP-04 
I 


GENERAL DESCRIPTION 


The SMP-04 is a monolithic quad sample-and-hold; 
it has four 
internal precision buffer amplifiers and internal hold capacitors. 
It is manufactured 
in PMI's advanced oxide isolated CMOS 
technology to obtain high accuracy, low droop rate and fast ac- 
quisition time required by data acquisition and signal processing 
systems. The device can acquire an 8-bit input signalto±1/2 LSB 
in less than seven microseconds. The SMP-04 can operate from 
single or dual power supplies with TILICMOS 
logic compatibil- 
ity. Its output swing includes the negative supply. 


The SMP-04 is ideally suited for a wide variety of sample-and- 
hold applications including amplifier offset or VCA gain adjust- 
4 


ments. One or more can be used with a single or multiple DACs 
to provide multiple set points within a system. 


The SMP-04 offers significant 
cost and size reduction over 
equivalent module or discrete designs. It is available in a 16-pin 
hermetic or plastic DIP and surface mount SOIC packages. It is 
specified over the extended industrial temperature 
range of 


-40°C to +85°C. See SMP-04/883 data sheetfor-55°Cto 
+125°C 
specifications. 


ABSOLUTE 
MAXIMUM 
RATINGS 
(T A; +25°C 
unless 
other- 


wise 
noted) 


Voo 
to 
DGND 
...............••.......................................... 
-0.3V, 
17V 


Voo 
to Vss 
.........................................••..........•......... 
-0.7V, 
17V 


VLOGIC to 
DGND 
.................................................•..... 
-0.3V, 
Voo 
VIN to 
DGND 
......................................•......................... 
Vss' 
Voo 
VOUT to 
DGND 
Vss' 
Voo 


Analog 
Output 
Current 
±20mA 


(Not 
short-circuit 
protected) 


Digital 
Input 
Voltage 
to 
DGND 
-o.3V, 
V DO +0.3V 


Operating 
Temperature 
Range 


EO, 
EP, 
ES 
-40°C 
to +85°C 


AO 
...............................................••.............. 
-55°C 
to + 125°C 


Junction 
Temperature 
+ 150°C 


Storage 
Temperature 
-65°C 
to 
+ 150°C 


Lead 
Temperature 
(Soldering, 
60 
sec) 
+300°C 


elA (Note 1) 


94 
'CIW 


'CIW 


'CIW 


16-Pin CerOIP (Q) 


16-Pin Plastic DIP (P) 


16-Pin SO (5) 


NOTE: 
1. 
a.Ais specified 
tor worst case mounting 
conditions, 
i.e., a·Ais specifiedfordevice 
i~ socket for CerDIP and P-DIP packages; a'A is specified 
for device soldered 
to printed circuit board for SO package. 
I 
CAUTION: 
1. 
Stresses 
above those listed under MAbsolute Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and function 
operation 
at or above this specification 
is not implied. 
Exposure 
to the above 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


2. 
Digital inputs and outputs 
are protected; 
however, 
permanent 
damage 
may 
occur on unprotected 
units from high-energy 
electrostatic 
fields. Keep units in 


conductive 
foam or packaging 
at all times until ready to use. Use proper anti- 


static handling 
procedures. 


3. 
Remove power before inserting 
or removing 
units from their sockets. 


ELECTRICAL CHARACTERISTICS 
at 
VOO; 
+12.0V, 
Vss; 
DGND; 
OV, 
RL; 
No 
Load, 
TA; 
Operating 
Temperature 
Range 


specified 
in Absolute 
Maximum 
Ratings, 
unless 
otherwise 
specified. 


SMP-04 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Linearity 
Error 
0.01 
% 


Buffer Offset Voltage 
Vos 
V,N=6V 
-10 
±2.s 
+10 
mV 


Hold Step 
VHS 
V,N =6V 
±4 
mV 


Droop Rate 
tN/At 
V,N : 6V, TA = +2S'C 
2 
25 
mV/s 


Output Source Current 
lSOURCE 
V,N = 6V (Note 1) 
1.2 
mA 


Output Sink Current 
IS1NK 
V,N = 6V (Note 1) 
0.5 
mA 


Output Voltage 
Range 
OVR 
RL = 20k{} 
0.06 
10.0 


V 
RL = 10k{} 
0.06 
9.5 


LOGIC CHARACTERISTICS 


Logic Input High Voltage 
VINH 
2.4 
V 


Logic Input Low Voltage 
V1IIIL 
0.8 
V 


Logic Input Current 
I'N 
0.5 
~A 


DYNAMIC 
PERFORMANCE 
(Note 2) 


Acquisition 
Time 
tA 
TA = +25°C. 0 to 10V step to 0.1% 
7 
~s 


Acquisition 
Time 
tA 
TA z +2s'C, 
0 to 10V step to 0.01% 
9 
~s 


Hold Mode Settling Time 
tH 
To 
lmV 
~s 


Slew Rate 
SR 
RL - 20kQ (Note 3) 
3 
4 
V/~s 


Capacitive 
Load Stability 
CL 
<30% Overshoot 
500 
pF 


Analog Crosstalk 
Oto 10V step 
-80 
dB 


SUPPLY 
CHARACTERISTICS 


Power Supply Rejection 
Ratio 
PSRR 
10.8 ~ Voo~ 
13.2V 
60 
75 
dB 


Supply Current 
100 
4 
mA 


Power Dissipation 
POlS 
84 
mW 


NOTES: 
1. 
Outputs are capable of sinking and sourcing over 20mA but linearity and offset 
are guaranteed 
at specified 
load levels. 


2. 
All input control signals are specified with tr = tf : sns (10% to 90% of +SV) and 
timed from a voltage 
level of 1.6V. 


ELECTRICAL 
CHARACTERISTICS 
at V 00= +s.OV, Vss=-s.OV, 
DGND 
= O.OV, RL = No Load, TA = Operating 
Temperature 
Range 
specified 
in Absolute 
Maximum 
Ratings, 
unless 
otherwise 
specified. 


SMp·04 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Linearity 
Error 
.01 
% 


Buffer Offset Voltage 
Vos 
V'N =OV 
-10 
±2.5 
+10 
mV 


Hold Step 
VHS 
V'N =OV 
-1 
±4 
mV 


Droop Rate 
'Nllit 
V,N =OV,TA 
=+25'C 
2 
25 
mVis 


Output 
Resistance 
ROUT 
II 


Output Source Current 
ISOURCE 
V,N = OV (Note 1) 
1.2 
mA 


Output Sink Current 
ISINK 
V,N = OV (Note 1) 
0.5 
mA 


Output Voltage 
Range 
OVR 
R, = 20kll 
-3.0 
+3.0 
V 


LOGIC CHARACTERISTICS 


Logic Input High Voltage 
V1NH 
2.4 
V• 


Logic Input Low Voltage 
V1Nl 
0.8 
V 


Logic Input Current 
I'N 
0.5 
J1A 


DYNAMIC 
PERFORMANCE 
(Note 2) 


Acquisition Time 
tA 
-3 to +3V step to 0.1% 
7 
flS 


Acquisition Time 
tA 
-3 to +3V step to 0.01 % 
9 
flS 


Hold Mode Settling Time 
tHo 
To 
1mV 
I's 


Slew Rate 
SR 
R, - 20kll 
(Note 3) 
3 
V/flS 


Capacitive 
Load Stability 
CL 
<30% Overshoot 
500 
pF 


SUPPLY 
CHARACTERISTICS 


Power Supply Rejection 
Ratio 
PSRR 
±5SVooS±6V 
60 
75 
dB 


Supply Current 
100 
3.5 
5.5 
mA 


Power Dissipation 
POlS 
55 
mW 


NOTES: 
1. 
Outputs 
are capable 
of sinking 
and sourcing 
over 20mA 
but linearity 
and offset 
3. 
Slew rate is measured 
in the sample 
mode with a -3 to +3 volt step from 20 to 
are guaranteed 
at specified 
load leveis. 
80%. 


2. 
All input control signals are specified 
with tr = ~ = 5ns (10% to 90% of +5V) and 
timed from a voltage 
Jevel of 1.6V. 


1. 
VOUT2 
2. 
VOUT, 
3. VIN1 
4. N.C. 
5. VIN2 
6. 
S/H, 


7. 
S/H2 
8. DGND 


9. 
S/H3 


10. S/H. 
11. VIN3 
12. 
VIN• 
13. Vss 


14. 
VOUT' 


15. 
VOUT3 
16. 
VDD 


DIE SIZE 0.080 X 0.120 Inch, 9,600 sq. mils 
(2.032 x 3.048 mm, 6.193 sq. mm) 


WAFER 
TEST LIMITS 
at Voo = +12.aV, Vss = DGND = av, RL = No Load, TA = +25°C, unless otherwise specified. 


SMP-04G 
PARAMETER 
SYMBOL 
CONDITIONS 
LIMITS 


Buffer Offset Voltage 
Vas 


Hold Step 
VHS 


Droop Rate 
!>.V/!>.t 


Output Source Current 
ISOURCE 


Output Sink Current 
ISINK 


Output Voltage 
Range 
OVR 


LOGIC CHARACTERISTICS 


Logic Input High Voltage 
V1NH 


Logic Input Low Voltage 
V1Nl 


Logic Input Current 
IIN 


SUPPLY 
CHARACTERISTICS 


Power Supply Rejection 
Ratio 
PSRR 


Supply Current 


' 
00 


Power Dissipation 
POlS 


V,N =6V 
±10 


V,N =6V 
±4 


V,N = 6V 
25 


V,N = 6V 
'.2 


V,N = 6V 
0.5 


RL = 20kQ 
0.06/10.0 


RL = 10kQ 
0.06/9.5 


2.4 


0.8 


UNITS 


mVMAX 


mVMAX 


mV/sMAX 


mAMIN 


mAMIN 


VMIN 


V MAX 


llAMAX 


dBMIN 


mAMAX 


NOTE: 
Electrical 
tests are periormed 
at wafer probe to the limits shown. Due to variations 
in assembly 
methods 
and normal yield loss, yield after packaging 
is not guaranteed 
for 
standard 
product dice. Consult factory to negotiate 
specifications 
based on dice lot qualifications 
through sample 
lot assembly 
and testing. 
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GENERAL 
INFORMATION 


The SMP-04 is a quad sample-and-hold with each track-and-hold 
having its own input, output, control, and on-chip hold capacitor. 
The combination of four high-performance 
track-and-hold ca- 
pacitors on a single chip greatly reduces board space and de- 
sign time while increasing reliability. 


After the device selection, the primary considerations in using 
track-and-holds are the hold capacitor and layout. The SMP-04 
eliminates most of these problems by having the hold capaci- 
tors internal, eliminating the problems of leakage, feed-through, 
guard-ring layout and dielectric absorption. 


POWER 
SUPPLIES 
The SMP-04 is capable of operating with either single or dual 
supplies over avoltage range of 7to 15volts. Based on the supply 
voltages chosen, VDO and Vss establish the output voltage range, 
which is: 


Vss+ .05Vs VOUTSVoo-2V 


Note that several specifications, including acquisition time, off- 
set and output voltage compliance will degrade for a total supply 
voltage of less than 7V. Positive supply current is typically 4mA 
with the outputs unloaded. The SMP-04 has an internally regu- 
lated TIL supply so that TTL/CMOS compatibility will be main- 
tained over the full supply range. 


Single 
Supply 
Operation 
Grounding 
Considerations 
- In 
single supply applications, it is extremely important that the Vss 
(negative supply) pin be connected to a clean ground. This is 
because the hold capacitor is internally tied to Vss' Any noise or 
disturbance inthe ground will directly couple to the output of the 
sample-and-hold, degrading the signal-to-noise performance. It 
isadvisable that the analog and digital ground traces on the circuit 
board be physically separated to reduce digital switching noise 
from entering the analog circuitry. 


Power Supply Bypassing 
- Foroptimum performance, the V 0 
supply pin must also be bypassed with a good quality, hig~- 
frequency ceramic capacitor. The recommended value is 0.1IJ.F. 
In the case where dual supplies are used, Vss (negative supply) 
bypassing is particularly important. Again this is because the 
internal hold capacitor is tied to Vss' Good bypassing prevents 
high frequency noise from entering the sample-and-hold ampli- 
fier. A 0.11J.Fceramic bypass capacitor is generally sufficient. For 
high noise environments, adding a 1OIJ.Ftantalum capacitor in 
parallel with the 0.11J.Fprovides additional protection. 


Power Supply Sequencing 
- It may be advisable to have the 
VDO turn on prior to having logic levels on the inputs. The SMP- 
04 has been designed to be resistant to latch-up, but standard 
precautions should still be taken. 


OUTPUT BUFFERS (Pins 1, 2,14, and 15) 
The buffer offset specification is ±1OmV;th is is less than 112 LSB 
of an 8-bit DAC with 10V full scale. Change in offset over the 
output range is typically 3mV. The hold step is the magnitude of 
the voltage step caused when switching from sample-to-hold 
mode. This error is sometimes referred to as the pedestal error 
or sample-to-hold offset, and is about 1mV with little variation. 
The droop rate of a held channel is 2IJ.V/mstypical and ±251J.V1 
msmaximum. 


The buffers are designed primarily to drive loads connected to 
ground. The outputs can source more than 1.2mA each, over 
the full voltage range and maintain specified accuracy. In split 
supply operation, symmetrical output swings can be obtained 
by restricting the output range to 2V from either supply. 


On-chip SMP-04 buffers eliminate potential stability problems 
associated with external buffers; outputs are stable with capaci- 
tive loads up to 500pF. However, since the SMP-04's buffer 
outputs are not short-circuit protected, care should be taken to 
avoid shorting any output to the supplies or ground. 


SIGNAL INPUT (Pins 3, 5, 11, and 12) 
The signal inputs should be driven from a low impedance volt- 
age source such as the output of an op amp. The op amp should 
have a high slew rate and fast settling time if the SMP-04's fast 
acquisition time characteristics are to be maintained. As with all 
CMOS devices, all input voltages should be kept within range of 
the supply rails (Vss ~ VIN ~ VDO) to avoid the possibility of set- 
ting up a latch-up condition. 


The internal hold capacitance is typically 60pF and the internal 
switch ON resistance is 4kn. 


If single supply operation is desired, op amps such as the op- 
21, OP-80, or OP-90 that have input and output voltage compli- 
ances including ground, can be used to drive the inputs. Split 
supplies, such as ±7.5V, can be used with the SMP-04 and the 
above mentioned op amps. 


APPLICATION TIPS 
All unused digital inputs should be connected to logic LOW and 
the analog inputs connected to analog ground. For connector- 
driven analog inputs that may become temporarily disconnected, 
a resistor to Vss or analog ground should be used with a value 
ranging from 0.2 to 1Mn. 


Do not apply signals to the SMP-04 with power off unless the 
input current's value is limited to less than 10mA. 


Track-and-holds are sensitive to layout and physical connections. 
Forthe best performance, the SMP-04 should not be socketed. 


FREQUENCY DOMAIN PERFORMANCE 
4 


The SMP-04 has been characterized in the frequency domain 
for those applications that require capture of dynamic signals. 
See Figure 1afortypical86.1 
kHz sample rate and an 8kHz input 
signal. Typically, the SMP-04 can sample at rates up to 85kHz. 
Inaddition to the maximum sample rate, aminimum sample pulse 
width will also be acceptable for agiven design. Our testing shows 
a drop in performance as the sample pulse width becomes less 
than 41J.s. 


FIGURE 1: Spectral response at a sampling frequency of 
86kHz. Photo (a) shows a 20kHz carrier frequency, and photo 
(b) shows an 8kHz frequency. 


Optimizing 
Dynamic 
Performance 
of the SMP-04 - Various 
operating parameters such as input voltage amplitude. sampling 
pulse width and, as mentioned before, supply bypassing and 
grounding all have an effect on the signal-to-noise ratio. Table 1 
shows the SNR versus input level for the SMP-04. 
Distortion of the SMP-04 is reduced by increasing the supply 
voltage. This has the effect of increasing the positive slew rate. 
Table 2 shows data taken at 12.3kHz sample rate and 2kHz in- 
put frequency. Total harmonic distortion is dominated by the 
second and third harmonics. 


Table 3 shows the effect of sampling pulse width on the SNR of 
the SMP-04. The recommended operating pulse width should 
be a minimum of 5IJ.sto achieve agood balance between acqui- 
sition time and SNR for the 1.4Vp-p signal shown. For larger 


TABLE 1: SNR vs. V1N 


INPUT 
VOLTAGE 
SNR 
(Vp-p) 
(dB) 


1 
-61 
2 
-53 
3 
-50 
4 
-47 
5 
-45 
6 
-44 


Conditions: Vs = ±6V, fs = 14.4kHz, fiN= 1.8kHz, tpw = 10 IJ.s. 


SUPPLY 
VOLTAGE 


10V 
12V 
14V 
15V 
16V 
17V 


2nd 
(dB) 
-49 
-55 
-60 
-62 
-63 
-65 


3rd 
(dB) 
-62 
-71 
-80 
<-80 
<-83 
<-85 


TABLE 3: SNR vs. Sample Pulse Width 


SAMPLE 
PULSE WIDTH 
SNR 
(lJ.s) 
(dB) 
1 
-37 
2 
-44 
3 
-50 
4 
-54 
5 
-54.9 
6 
-55 
7 
-55.3 
Conditions: Vs = ±6V. V1N= 1.4Vp-p,fs =14.4kHz, fiN= 1.8kHz 


swings the pulse width will need to be larger to account for the 
time required for the signal to slew the additional voltage. This 
could be used as a method of measuring acquisition time indi- 
rectly. 


Sample-Mode 
Distortion 
Characteristics 
- Although 
de- 
signed as a sample-and-hold, 
the SMP-04 may be used as a 
straight buffer amplifier by configuring it in a continuous sample 
mode. This is done by connecting the 8/H control pin to a logic 
LOW. Its buffer bandwidth is primarily lim~ed by the distortion 
content as the signal frequency increases. Figure 2 shows the 
distortion characteristics 
of the SMP-04 versus frequency. 
It 
maintains less than 1% total harmonic distortion over a voice- 
band of 8kHz. 
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Sampled 
Data 
Dynamic 
Performance 
- 
In continuous 
sampled data applications such as voice digitization or commu- 
nication circuits, it is important to analyze the spectral response 
of a sample-and-hold. Figures 1a and b show the SMP-04 sam- 
pling at afrequency of 86kHz with a 1.4Vp-ppure sine wave input 
of 20kHz and 8kHz respectively. The photos include the sam- 
pling carrier frequency as well as its multiplying frequencies. 
Inthe case olthe 20kHz carrier frequency, the second harmonic 
measures 41dB down from the fundamental, because the sec- 
ond is dominant, the signal-to-noise ratio is -40.9dB. The 8kHz 
case produces an improved SIN performance of -48 dB. 


Inthe V.32 and V.33 modem environment, where a 1.8kHz carrier 
signal frequency is applied to the SMP-04, Figure 3 compares 
the spectral responses of the SMP-04 under three different 
sampling frequencies 
of 14.4kHz, 9.6kHz 
and 7.2kHz. The 
signal-to-noise ratios measure to be 58.2dB, 59.3dB and 60dB 
respectively. 


FIGURE 3: SMP-04 spectral response with a 1.8kHz carrier frequency. (a) shows the sampling frequency at 1404kHz;it exhibits a 
SIN ratio of 58.2dB. (b) shows a 59.3dB SIN at a sampling frequency of 8.6kHz. (c) shows a 60dB SIN at 7.2kHz. 


Figure 4 depicts SMP-04's spectral response 
operating 
with voice 
__ 
frequency 
of 3kHz sampling 
at a 15.7kHz 
rate. 
Under this 
• 
condition, the signal-to-noise 
measures 
53dB. 


APPLICATIONS 


MULTIPLEXED QUAD DAC (Figure 5) 
The SMP-04 can be used to demultiplex 
a single DAC converter's 
output into four separate 
analog outputs. The circuit is greatly 
simplified by using a voltage 
output DAC such as the DAC-8228. 
To minimize 
output voltage 
perturbation, 5~s should be allowed 
to settle to its final voltage 
before 
a sample signal is asserted. 


Each sample-and-hold amplifier must be refreshed every second 
or less in order to assure 
the droop does not exceed 10mV or 
1/2 LSB. 


FIGURE 4: SMP-04 spectral response with an input carrier 
frequency of 3kHz and the sampling frequency of 15.7kHz. 
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POSITIVE AND NEGATIVE PEAK DETECTOR WITH HOLD 
CONTROL (Figure 6) 
In this application the top amplifier (amplifier A) is the positive 
peak detector and the bottom amplifier (amplifier B) is the nega- 
tive peak detector. Operation can be analyzed asfollows: Assume 
that the 5tH switch is closed. As a positive increasing voltage is 
applied to A1N, D2 turns on, and D1turns off, closing the feedback 
loop around amplifier A and the SMP-04, causing the output to 
track the input. Conversely, in the negative peak detector circuit 
at the bottom, D4turns off and D3 turns on, holding the last most 
negative input voltage on the SMP-04. This vo~age is buffered 
to the VO(NEG) output. 


As V1N falls in voltage the above conditions reverse, causing the 
most positive peak voltage to be held at VO(POS) 
output. This 
voltage will be held until the input has a more positive voltage 
than the previously held peak voltage, or a reset condition is 
applied. 


An optional HOLD control can be used by applying a logic HIGH 
to the PDtH inputs. This HOLD mode further reduces leakage 
current through the reverse-biased diodes (D2 and D4) during 
peak hold. 


GAIN OF 10 SAMPLE-AND·HOLD 
(Figure 7) 
This application places the SMP-04 in a feedback loop of an 
amplifier. Because the SMP-04 has no sign inversion and the 
amplifier has very high open-loop gain, the gain of the circuit is 
set bythe ratio olthe sum of the source and feedback resistances 


vour 
ovro 
IOV 


!? the source resistance. When a logic LOW is applied to the 
StH control input, the loop is closed around the OP-490, yielding 
a gain of 10 (in the example shown) amplifier. When the 5tH 
control goes HIGH, the loop opens and the SMP-04 holds the 
last sampled voltage. The loop remains open and the output is 
unaffected by the input until a logic LOW is reapplied to the 5tH 
control. The pair of back-to-back diodes from the output of the 
op amp to the output of the track-and-hold 
prevents the op amp 
from saturating when the track-and-hold is in the hold mode and 
the loop is open. 


SAMPLE AND DIFFERENCE AMPLIFIER (Figure 8) 
This circuit uses two sample-and-holds to measure the voltage 
difference of a signal between two time points, t, and t2• The 
sampled voltages are fed into the differential inputs of the AMP- 
02 instrumentation amplifier. A single resistor RG sets the gain 
of this instrumentation 
amplifier. Using two of the SMP-04s in 
this application has the advantage of matched sample-and-hold 
performance, since they are both on the same chip. 


SINGLE SUPPLY, SAMPLING, INSTRUMENTATION 
AM- 
PLIFIER (Figure 9) 
This application again uses two channels of the SMP-04 and an 
instrumentation amplifier to provide a sampled difference sig- 
nal. The sample-and-hold signals in this circuit are tied together 
to sample at the same point in time. The other two parts of the 
SMP-04 are used as amplifiers by grounding their control lines 
so that they are always sampling. One section is used to drive a 
guard to the common-mode vo~age and the other to generate a 
+6V reference to serve as an offset for single supply operation. 
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gillen 
energy during a transition from one code to another. The glitch 
amplitude can range from several millivolts to hundreds of milli- 
volts. This may become unacceptable in many applications. By 
selectively delaying the DAC's outputtransition, the SMP-04can 
be used to smooth the output waveform. Figure 10 shows the 
schematic diagram of such a deglitcher circuit. Two simple logic 
gates (an OR and a NAND gate) provide the proper timing se- 
quence forthe DAC WR strobe and the 5tH control signal to the 
SMP-04. In this example a linear ramp signal is generated by 
feeding the most significant 8-bits of the 1O-bitbinary counterto 
the DAC. The two least significant bits are used to produce the 
delayed WR strobe and the 5tH control signals. Referring to 


+15V 


O.1/lF 


18 ~ 
4 
+5V 
voa 
VREFOUT 


DIGITAl 
RETURN 


DB., 


mg eoge, OUt me UA\,; output ooes not cnange yet until a WH 
strobe goes active. During this period, the SMP-04 is in a sample 
mode whose output tracks the DAC output. When 5tH 
goes 
HIGH, the current DAC output voltage is held by the SMP-04. 
After 1.2J.1.ssettling, the WR strobe goes LOW to allow the DAC 
output to change. Any glitch that occurs at the DAC output is 
effectively blocked by the SMP-04. As soon as the WR strobe 
goes HIGH, the digital data is latched; atthe sametimethe 
5tH 
goes LOW, allowing the SMP-04 to track to the new DAC output 
voltage. 


Figure 11bshows the deglitching operation. The top trace shows 
the DACoutput during atransition, while the bottom trace shows 
the deglitched output of the SMP-04. 
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FIGUR~11: (a) shows the logic timing of the ~litche!: 
The top two traces are the two least significant bits. DBa and DBt• 


respect/vely. These are used to generate the WR and S/H signals which are shown in the bottom two traces. (b) shows the typical 
glitch amplitude of a DAC (top trace) and the deglitched output of the AMP-04 (bottom trace). 


N. 


V,N 


Voo 
":" 


SiH 


N. 
• 


Vss 


'lss 


R, 
101LF 
100 
C, 


1 
16 
2 
15 
3 
,. 


13 
SMP.()4 12 


11 
10 


9 


-"ANALOG 
WDEVICES 


I 


FEATURES 


• 
Internal Hold capacitors 
• 
Low Droop Rate 
• 
TTUCMOS Compatible 
Logic Inputs 
• 
Single or Dual Supply Operation 
• 
Break-Before-Make 
Channel Addressing 
• 
Compatible 
With CD4051 Pinout 
• 
LowCost 


APPLICATIONS 


• 
Multiple 
Path Timing 
Deskew for A.T.E. 
• 
Memory Programmers 
• 
Mass Flow/Process 
Control Systems 
• 
Multichannel 
Data Acquisition 
Systems 
• 
Robotics 
and Control Systems 
• 
Medical and Analytical 
Instrumentation 
• 
Event Analysis 
• 
Stage Lighting 
Control 


PACKAGE: 16.pIN DIPISO 


CERDIP 
PLASTIC 
16-PIN 
16-PIN 


TBA· 
SMP06FQ 
SMP06FP 
SMP08FS 


OPERATING 
TEMPERATURE 
RANGE 


MIL 
XIND 
XIND 


Consult 
factory lor 883 data sheet. 


t 
Burn-in is availa~. 
on industrial 
temperature 
range parts in CerDIP and plas- 
tic DIP packages. 


16·PIN CERDIP 
(Q-Sufflx) 


16-PIN EPOXY DIP 
(P·Sufflx) 


16-PIN SO 
(S-Sufflx) 


GENERAL 
DESCRIPTION 


The SMP-08 is a monolithic octal sample-and-hold; it has eight 
internal buffer amplifiers, input multiplexer, and internal hold 
capacitors. It is manufactured in an advanced oxide isolated 
CMOS technology to obtain high accuracy, low droop rate, and 


Octal Sample-and-Hold 
with Multiplexed Input 


SMP-08 
I 


fast acquisition time. The SMP-08 has a typical linearity errorof 
only 0.01% and can accurately acquire a 1O-bit input signal to 
±112 LSB in less than seven microseconds. The SMP-08's out- 
put swing includes the negative supply in both single and dual 
supply operation. 


The SMP-08 was specifically designed for systems that use a 
calibration cycle to adjust a multiple of system parameters. The 
low cost and high level of integration makes the SMP-08 ideal 
for calibration requirements that have previously required an 
ASIC, or high cost multiple D/A converters. 


The SMp·08 is also ideally suited for a wide variety of sample- 
• 
and-hold applications inclUding amplifier offset or VCA gain ad- 
~ 
justments. One or more SMP-08s can be used with single or 
multiple DACs to provide multiple set points within a system. 


The SMP-08 offers significant 
cost and size reduction over 
discrete designs. It is available in a 16-pin hermetic or plastic 
DIP, or surface mount SOIC package. 


ABSOLUTE 
MAXIMUM 
RATINGs 
(Note 1) 
~~iii:i.--+-7~~~~ 


Analog Output Current 
±20mA 
(Not short-circuit protected) 
Operating Temperature Range 
FP, FS 
-40°C to +85°C 
Junction Temperature 
+150°C 
Storage Temperature 
-65°C to +150°C 
Lead Temperature (Soldering, 60 see) 
+300°C 


PACKAGE 
TYPE 
elA (Note 2) 
e", 
UNITS 


16-Pin Hermetic 
DIP (0) 
94 
12 
°CJW 


16-Pin Plastic DIP (P) 
76 
33 
°CJW 


16-Pin SOlS) 
92 
27 
°CJW 


NOTES: 
1. 
Absolute 
maximum 
ratings 
apply to both DICE and packaged 
parts, unless 


otherwise 
noted. 
2. elAis specified forworstcase 
mounting conditions, Le., eJAis specified for device 
in socket for CerDIP and P-DIP packages; 81Ais specified 
for device soldered 
to printed circuit board for SO package. 


CAUTION: 
1. 
Stresses 
above 
those 
listed under 
-Absolute 
Maximum 
Ratings· 
may cause 


permanent 
damage 
to the device. 
This 
is a stress 
rating 
only and 
functional 


operation 
at or above this specification 
is not implied. 
Exposure 
to the above 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


2. 
Digital inputs and outputs are protected; however. permanent damage may 
occur on unprotected 
units from high-energy 
electrostatic 
fields. Keep 
units in 
conductive 
foam or packaging 
at all times until ready to use. Use proper anti- 


static handling 
procedures. 


3. 
Remove 
power 
before 
inserting 
or removing 
units from their sockets. 


ELECTRICAL 
CHARACTERISTICS 
at Voo = +5V, Vss = -5V, DGND = OV, RL = No Load, TA = -40°C to +85°C for SMP-08F, 


unless othe('Wisenoted. 


SMP-08F 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Linearity 
Error 
-3V ,;;V,N,;; +3V 
0.01 
% 


TA _+25°C 
2.5 
10 
mV 
Buffer Offset Voltage 
Vos 
-40°C';; 
TA';; 
+8SoC 
3.5 
20 


Hold Step 
VHS 
V,N ~OV 
4 
mV 


Droop Rate 
AVCH/At 
TA - +2SoC, V,N - OV 
2 
20 
mVis 


Output 
Source 
Current 
ISOURCE 
V,N = OV (Note 1) 
1.2 
mA 


Output 
Sink Current 
ISINK 
V,N = OV (Note 1) 
0.5 
mA 


Output Voltage 
Range 
RL =20kO 
-3.0 
+3.0 
V 


LOGIC CHARACTERISTICS 


Logic Input High Voltage 
V1NH 
2.4 
V 


Logic Input Low voltage 
V1NL 
0.8 
V 


logic Input Current 
I'N 
V,N-2.4V 
0.5 
IlA 


DYNAMIC 
PERFORMANCE 
(Noto2) 


Acquisition 
Time 
tAO 
TA - +2SoC, 
-3V to +3V to 0.1% 
7 
l's 


Hold Mode Seltling 
Time 
tH 
To ± 1mV of Final Value 
I'S 


Channel Select Time 
tCH 
90 
ns 


Channel Deselect Time 
lacs 
45 
ns 


Inhibit Recovery 
Time 
~" 
90 
ns 


Slew Rate 
SR 
3 
VII'S 


Capacitive 
Load Stability 
<30% Overshoot 
500 
pF 


Analog Crosstalk 
-3V to +3V Step 
-72 
dB 


ELECTRICAL CHARACTERISTICS at Voo = +SV, Vss = -SV, DGND 
K OV, RL = No Load, TA = -40·C to +SS·C for SMP-OSF, 
unless otherwise noted. Continued 


SMP-08F 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


SUPPLY 
CHARACTERISTICS 


Power Supply Rejection 
Ratio 
PSRR 
Vs -±5Vto±6V 
60 
75 
dB 


TA,- +25°C 
5.5 
7.5 
mA 
Supply Current 
100 
-40·C 
$ TA $ +8S·C 
7.5 
9.5 


NOTES: 
1. 
Outputs 
are capable 
of sinking 
and sourcing 
over 20mA but offset is guaran- 
teed at specified 
load levels. 


ELECTRICAL CHARACTERISTICS at Voo-+ 12V, VSS =OV, DGND K OV,RL- No Load, TA =-40·Cto+SS·CforSMP-OSF, 
unless 
otherwise noted. 


SMP-08F 
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PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


linearity 
Error 
60mV $VIN $10V 
0.01 
% 


Buffer Offset Voltage 
Vos 
TA =+25°C 
2.5 
10 
mV 
-40·C 
$TA $ +8S·C 
3.5 
20 


Hold Step 
VHS 
V'N=6V 
4 
mV 


Droop Rate 
tNCH/At 
TA = +2s·c, 
V'N = 6V 
2 
20 
mV/s 


Output Source Current 
'SOURCE 
V'N - 6V (Note 1) 
1.2 
mA 


Output Sink Current 
'SINK 
V'N - 6V (Note 1) 
0.5 
mA 


Output Voltage 
Range 
RL =20kn 
0.06 
10.0 
V 
RL=10kn 
0.06 
9.5 


LOGIC CHARACTERISTICS 


Logic Input High Voltage 
V1NH 
2.4 
V 


logic 
Input low 
voltage 
V1NL 
0.8 
V 


Logic Input Current 
tiN 
V'N =2.4V 
0.5 
IIA 


DYNAMIC 
PERFORMANCE 
(Nota 2) 


Acquisition 
Time 
tAO 
TA-+2s·C, 
OtOl0VtoO.1% 
9 
I'S 


Hold Mode Settling Time 
tH 
To ± 1mV of Final Value 
I'S 


Channel 
Select Time 
tCH 
90 
ns 


Channel 
DeselectTime 
locs 
45 
ns 


Inhibit Recovery 
Time 
~A 
90 
ns 


Slew Rate 
SR 
RL - 20kO 
(Note 3) 
3 
4 
VII'S 


Capacitive 
load 
Stability 
<30% Overshoot 
500 
pF 


Analog Crosstalk 
o to 10V Step 
-72 
dB 


SUPPLY 
CHARACTERISTICS 


Power Supply Rejection 
Ratio 
PSRR 
10.8V $Voo 
$ 13.2V 
60 
75 
dB 


Supply Current 
100 
TA = +2S·C 
6.0 
8.0 
mA 
-40·C 
$ T A $ +8S·C 
8.0 
10.0 


NOTES: 
1. 
Outputs 
are capable 
of sinking and sourcing 
over 20mA but offset is guaran- 


teed at specified 
load levels. 
2. 
All input control signals are specified 
with tr = ~ - sns (10% to 90% of +SV) and 
timed from a Voltage level of 1.6V. 
3. 
Slew rate is measured in the sample mode with a 0 to 10V step from 20% to 
80%. 


1. CH.OUT 
9. 
CCONTROL 
2. CH.OUT 
10. 
BCONTROL 
3. INPUT 
11. 
A CONTROL 
4. CH70UT 
12. 
CHaOUT 
5. C~OUT 
13. 
CHoOUT 
6. 
IN 
14. 
CH,OUT 
7. 
Vss 
15. 
CH.OUT 
8. 
DGND 
16. 
VDD 


DIE SIZE 0.080 x 0.120 Inch, 9,600 sq. mils 
(2.032 x 3.048 mm, 6.193 sq. mm) 


WAFER 
TEST 
LIMITS 
at Voo 
E +12V, 
Vss = DGND = av, RL = No Load, TA• 
+2SoC, unless otherwise specified. 


SMP-08GBC 
LIMITS 


20 


20 


PARAMETER 
SYMBOL 
CONDITIONS 


Buffer Offset Voltage 
vos 
V1N "'" +6V 


Droop Rate 
tiVe>/tJ.t 
V'N~+6V 


Output Source Current 
ISOURCE 
V'N- 
+6V 


Output Sink Current 
ISINK 
V,N = +6V 


Output Voltage 
Range 
RL _20kn 


RL - 10kn 


LOGIC CHARACTERISTICS 


Logic Input High Voltage 
V1NH 


Logic Input Low Voltage 
V1NL 


Logic Input Current 
I'N 
V'N -2.4V 


SUPPLY 
CHARCTERISTICS 


Power Supply Rejection 
Ratio 
PSRR 
,0.8VSVODS13.2 


Supply Current 
100 


dBMIN 


mAMAX 


UNITS 


mVMAX 


mVlsMAX 


mAMIN 


VMIN 


V MAX 


J!A MAX 


NOTE: 
Electrical 
tests are performed 
at wafer probe to the limits shown. Due to variations 
in assembly 
methods 
and normal yield loss, yield after packaging 
is not guaranteed 
for 
standard 
product dice. Consult 
factory to negotiate 
specifications 
based on dice lot qualifications 
through sample 
lot assembly 
and testing. 
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APPLICATIONS 
INFORMATION 
The SMP-OS,a multiplexed octal S/H, minimizes board space in 
systems 
requiring 
cycled calibration 
or an array of control 
vo~ages. When used in conjunction with a low cost 1O-bit OIA, 
the SMP-OScan easily be integrated into microprocessor based 
systems. 
Since 
the 
SMP-OS features 
break-before-make 
switching and an internal decoder, no external logic is required. 
The SMP-OShas an internally regulated TIL supply so that TIll 
CMOS compatibility is maintained overthefull supply range. See 
Figure 1 for channel decode address information. 


POWER SUPPLIES 
The SMP-OS is capable of operating with either single or dual 
supplies, over 
a voltage range of 7 to 15 volts. Based on the 
supply vo~ageschosen, VDO and V55 establishthe inputandoutput 
vo~age range, which is: 


(Vss + O.06V):5 VOUT/IN:5(Voo -2V) 


Note that several specifications, including acquisition time, offset 
and output voltage compliance will degrade for supply vo~ages 
of less than 7V. 


Ifsplit supplies are used,the negative supply should be bypassed 
with a O.lI1F capacitor in parallel with a 10I1Fto ground. The 
internal hold capacitors are connected to this supply pin and any 
noise will appear at the outputs. 


In single supply applications, it is extremely important that the 
Vss (negative supply) pin is connected to a clean ground. The 
hold capacitors are internally tied to the Vss (negative) rail. Any 
ground noise or disturbance will directly couple to the output of 
the sample-and-hold, 
degrading 
the signal-to-noise 
perfor- 
mance. The analog and digital ground traces on the circuit board 
should be physically separated to reduce digital switching noise 
from entering the analog circuitry. 


POWER SUPPLY SEQUENCING 
Voo should be applied to the SMP-OS before the logic input 
signals. The SMP-OShas been designed to be immuneto latch- 
up, but standard precautions should still be taken. 


• 
OUTPUT BUFFERS (Pins 1, 2, 4, 5, 12, 13, 14, 15) 
The buffer offset specification is 1OmV;this is less than 1/2 LSB 
of an S-bit OAC with 1OVfull scale. The hold step (magnitude of 
step caused in the output vo~age when switching from sample- 
to-hold mode, also referred to as the pedestal error or sample- 
to-hold offset), is about 2mV with little variation overthefull output 
vo~age range. The droop rate of a held channel is 2mV/s typical 
and 20mV/s maximum. 


The buffers are designed to drive loads connected to ground. 
The outputs can source more than 20mA, over the full voltage 
range, but have limited current sinking capability near Vss.ln split 
supply operation, symmetrical output swings can be obtained 
by restricting the output range to 2V from either supply. 


On-chip SMP-OS buffers eliminate potential stability problems 
associated 
with 
external 
buffers; 
outputs 
are stable with 
capacitive loads upt0500pF. However, since the SMP-OS'sbuffer 
outputs are not short-circuit protected, care should be taken to 
avoid shorting any output to the supplies or ground. 


SIGNAL INPUT (Pin 3) 
The signal input should be driven from a low impedance voltage 
source such as the output of an op amp. The op amp should 
have a high slew rate and fast settling time if the SMP-OS's 
acquisition time characteristics are to be maintained. As with all 
CMOS devices, all input voltages should be kept within range of 
the supply rails (Vss:5 V1N:5V00) to avoid the possibility of latch- 
up. If single supply operation is desired, op amps such as the 
OP-21, OP-SO, or OP-90 that have input and output voltage 
compliances including ground, can be used to drive the inputs. 
Split supplies, such as ±7.5V, can be used with the SMP-OS. 


APPLICATION TIPS 
All unused digital inputs should be connected to logic LOW and 
unused 
analog 
inputs 
connected 
to 
analog 
ground. 
For 
connector-driven 
analog inputs that may become temporarily 
disconnected, a resistor to V00' Vss or analog ground should be 
used with a value ranging from 200kn to 1Mn. 


SMP-08 


13 
CHO 


14 
CH, 


15 
CH2 


12 
CH3 


CH. 


CHs 


CH6 


CH7 


11 
A 


10 
B 


CHANNEL 
DECODING 


PINg 
PIN 10 
PIN11 
PIN6 
C 
B 
A 
INH 
CH 
PIN 


0 
0 
0 
0 
0 
13 
0 
0 
1 
0 
1 
14 
0 
1 
0 
0 
2 
15 
0 
1 
1 
0 
3 
12 
1 
0 
0 
0 
4 
1 
6 
1 
0 
1 
0 
5 
5 
INH 
1 
1 
0 
0 
6 
2 
1 
1 
1 
0 
7 
4 
X 
X 
X 
1 
NONE 


Do not apply signals to the SMP-Oa with power off unless the 
input current is limited to less than 10mA. 


TYPICAL 
APPLICATIONS 
AN a·CHANNEL MULTIPLEXED D/A CONVERTER 
Figure 1 illustrates a typical muniplexing function of the SMp· 
oa. It is used to sample-and·hold eight different output vonages 


corresponding to eight different digital codes from a D/A con· 
verter. The SMP-Oa's droop rate of 20mV/s requires a refresh 
once every SOOms,before the voltage drifts beyond 1/2 LSB ac· 
curacy (1 LSB of an a-bit DAC is equivalent to 19.5mV, out of a 
full·scale voltage of SV). For a 1O-bit DAC, the refresh rate must 
be less than 120ms, and, for a 12·bit system, 
31ms. This im- 
plementation is very cost-effective compared to using multiple 
DACs as the number of output channels increases. 


SMP-l0/SMP-ll 


FEATURES 


SMp·10 
• 
Low Droop Rate 
5.0~V/ms 
• 
linearity 
Error .....................•.•................................. 0.005% 
• 
High Sample/Hold 
Current Ratio ...............•........... 2 x 109 


SMp·11 
• 
Low Droop Rate Over Temperature 
2400~V/ms 
• 
High Sample/Hold 
Current Ratio 
1.7 x 108 


BOTH SMP-10 AND SMp·11 
• 
Fast Acquisition 
Time, 10V Step to 0.1% •............... 3.5~s 
• 
High Slew Rate 
10V/~s 
• 
Low Aperture Time 
50ns 
• 
Trimmed for Minimum Zero-Scale Error 
0.45mV 
• 
Feedthrough 
Attenuation 
Ratio 
96dB 
• 
Low Power Dissipation 
160mW 
• 
DTL, TTL & CMOS Compatible 
Logic Input 
• 
HA·2420, HA-2425, SHM-IC·1, and AD583 Socket 
Compatible 
• 
Available 
in Die Form 


PACKAGE 
DROOP 
--------- 
OPERATING 
vzs 
RATE IN 
14-PIN DIP 
TEMPERATURE 
(mV) 
"V/ms 
HERMETIC 
LCC 
RANGE 


1.5 
20 
SMPl DAY· 
MIL 
1.5 
20 
SMP10EY 
COM 
3.0 
50 
SMP10FY 
COM 
1.5 
200 
SMP11 AY· 
MIL 
3.0 
500 
SMP11 BY' 
SMP11 BRCJ883 
MIL 
1.5 
200 
SMP11 EY 
COM 
3.0 
500 
SMP11 FY 
COM 
7.0 
gOO 
SMP11GY 
COM 
7.0 
gOO 
SMPllGS 
XIND 


7.0 
gOO 
SMPllGP 
XIND 


Fordevices 
processed 
in total compliance 
to MIL-STD-883, 
add/883 
after part 


number. 
Consult 
factory 
for 883 data sheet. 


Burn-in 
is available 
on commercial 
and industrial 
temperature 
range parts in 
CerDIP, 
plastic DIP, and TO-can 
packages. 


GENERAL 
DESCRIPTION 


The SMP-10/11 are precision sample-and-hold amplifiers that 
provide the high accuracy, the low droop rate and the fast ac- 
quisition time required in data acquisition and signal processing 
systems. Both devices are essentially noninverting unity gain 
circuits consisting of two very high input impedance buffer am- 
plifiers connected together by a diode bridge switch. 


HIGH ACCURACY AND LOW DROOP RATE 
The high input impedance and the low droop rates of the SMP-10 
and the SMP-11 are achieved by using bipolar Darlington circuits 
and an ion implant process that creates "super beta" transistors. 


The output buffer's input stage converts to a super beta Darling- 
ton configuration during the hold mode, which results in a very 


low droop rate with no penalty in acquisition time. The use of bi- 
polar transistors achieves a low change in droop rate over the 
operating temperature range. 
Continued 
• 


q ~ Q Q ::: 
z 5 z 
Z 
o 
16-PIN SOL 
(S-Sufflx) 


•• SAMPLElHOLD 
CONTROL 
SMP-11BRC/883 
LCCPACKAGE 
(RC·Sufflx) 


-N.C. 


INPUT 


NULL 


NUll 
4 
14-PIN DIP (Y-Sufflx) 
14-PIN EPOXY DIP (P·Sufflx) 


• PINS 1 AND 8 ARE NOT INTERNALLY 
CONNECTED, 
IN UNITY GAIN APPLICA- 


TIONS, SMP-1 0 AND SMP-11 CAN RE- 
PLACE HA-2425, HA-2420, SHM-IC-1 
AND AD-583 DIRECTLY. 


5/H 
MODE 
o 
Sample 
1 
Hold 


GENERAL 
DESCRIPTION 
Continued 


FAST 
ACQUISITION 
A unique 
supercharger 
provides 
upto 
SOmAof 
charging 
current 
to the hold capacitor, 
which 
resu~s 
in smooth, 
fast charging 
with 


minimum 
noise. As the hold capacitorvo~age 
nears its final value, 


the low current 
diode 
bridge 
controls 
the final settling 
time. This 
unique 
combination 
of linear 
functions 
in a monolithic 
circuit 
enables 
the system 
designer 
to achieve 
superior 
performance. 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Note 
1) 
Supply 
Voltage 
(V+ minus 
V-) 
36V 
Derate 
Above 
100°C 
10mW/oC 
Input Voltage 
Equal to Supply 
Voltage 


Logic and Logic 
Reference 
Voltage 
Equal to Supply 
Voltage 


Output 
Short-Circuit 
Duration 
Indefinite 
Hold Capacitor 
Short-Circuit 
Duration 
60 see 
Storage 
Temperature 
Range 
-6SoC 
to + 150°C 
Lead Temperature 
(Soldering, 
60 see) 
300°C 


Operating 
Temperature 
Range 
SMP-1 OAY 
-55°C 
to + 125·C 
SMP-10EY, 
FY 
O°C to +70·C 
SMP-11 AY, BY, BRC 
-55·C 
to + 12SOC 
SMP-11 EY, FY, GY 
O·C to +70°C 
SMP11 GS, GP 
-40·C 
to +85°C 
Junction 
Temperature 
(Tj) 
-6S·C 
to + 1S0·C 


PACKAGE TYPE 
alA (Note2) 
ajC 
UNITS 


14-PinHermeticDIP(Y) 
108 
16 
"CIW 


14-PinEpoxyDIP(P) 
83 
39 
"CIW 


1a-PinSOl (S) 
98 
30 
"CIW 


20-C0ntaetLCC(RC) 
98 
38 
"CIW 


NOTES: 
1. Absolute ratings apply to both DICE and packagedparts, unless otherwise 
noted. 


2. 
8iA is specified 
for worst case mounting 
conditions, 
i.e .• 8JA is specified 
for 
devicein socketfor cerDIP and LCC packages. 


ELECTRICAL 
CHARACTERISTICS 
at Vs = ±15V, 
CH = O.OOSllF, VLC connected 
to ground, 
TA = +2S·C, 
unless 
otherwise 
noted. 


SMp·10AlE 
SMP·l0F 
SMp·11A1E 
SMP·11BIF 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Zero-Scale Error 
Vzs 
V,N=O 
0.45 
(HoldMode) 
VSfH- 3.5V. (Note2) 


Input Bias Current 
I. 
V,N-O 
35 


Leakage 
lOR 
SMP-10 
(Droop)Current 
SMP-11 


Droop Rate 
dVcwdt 
SMP-10 
5 
SMp·11 
60 


Input Resistance 
R'N 
(Note 1) 
2.0 
3.0 


SampleMode 
Voltage Gain 
Av 
V,N-±10V, RL-5kO 
0.99963 
0.99983 
or V,N- ±5V. RL= 2.5kO 


10VStep to Within 10mV 
3.5 


Acquisition 
Time 
taq 
of Final Value (0.1%) 
10VStep to Within 1.0mV 
of Final Value (0.01%) 
5.0 


Aperture 
Time 
tap 
50 


HoldMode 
tHm 
Settlingto 1mV 
SMP-10 
7 
Settlin9Time 
of Final Value. 
SMP-11 
1.5 


Charge Transfer 
at 
V,N=O 
5 
VS/H- 3.5V 


Slew Rate 
SR 
V,N_±10V 
10 
RL-2.5kn 


HoldCapacitor 
ICH 
V,N- Vour;" ±3V 
30 
50 
Charging 
Current 


Sample/Hold 
IcwloR 
SMP-10 
3xlO' 
2xlO" 
Current 
Ratio 
SMP-11 
- 
1.7x10' 


Feedlhrou9h 
FA 
Input= 20Vp-p1kHz 
86 
98 
Attenuation 
Ratio 
RI.=5kO. (Note 1) 


Full Power 
Fp 
±10Vp-p 
100 
Bandwidth 
(DissipationLimited) 


SMP·11G 


TYP 


1.5 
0.60 
3.0 


65 
55 
90 


0.10 
0.25 
1.00 
2.50 


20 
5 
50 
200 
70 
500 


1.4 
2.5 


900 
V-Vims 


GO 


VN 


v-s 


v-s 


ns 


v-s 


pC 


V/V-S 


mA 


mAimA 


dB 


kHz 


- 
0.99953 0.99978 
- 
0.99940 
0.99975 


3.5 
3.5 


5.0 
5.0 


50 
50 


7 
7 
1.5 
1.5 


5 
5 


10 
10 


20 
50 
50 


8x107 
8x10' 
- 
1.5x10' 
- 
1.5x10' 


80 
90 
90 


100 
100 


ELECTRICAL 
CHARACTERISTICS 
at Vs = ±15V, 
CH = O.005)lF, 
VLC connected to ground, TA = +25°C, 
unless otherwise noted. 


Continued 


PARAMETER 
SYMBOL 
CONDITIONS 


Input VOltage Range 
and/or Output 
RL=2.5kn 
Voltage 
Swing 


Output 
Resistance 
Ro 


Power Supply 
PSRR 
Sample 
Mode 
Rejection 
Ratio 
Vs =±9V 
to ±18V 


Power 


Po 
Sample 
Mode V,N = 0 
Consumption 
(DC) 


SMP-1DAlE 
SMp·1DF 
SMP·11A1E 
SMp-11BIF 
SMP-11G 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


±11 
±11.5 
±10.5 
±11.5 
±10.5 
±11.5 
V 


0.15 
0.15 
0.15 
0 


82 
92 
77 
92 
72 
92 
dB 


160 
180 
170 
210 
180 
240 
mW 


2. 
Measured 
5001lS after hold command. 


ELECTRICAL 
CHARACTERISTICS 
- SMp-10 
ONLY at Vs = ±15V, 
CH = O.005)lF, 
VLC = OV, TA = +25°C, 
device fully warmed 
• 
up, unless otherwise noted. 


SMp-10AlE 
SMp-10F 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Hold Step 
VHs 
V,N=O 
-1.0 
+1.5 
+4.0 
-3.0 
+1.5 
+6.0 
mV 


Linearity 
Error 
NL 
V,N=±10V, 
RL=5kn 
0.005 
0.007 
%of10V 


Output 
Noise 
EN (RMS) 
Wideband 
Noise 100Hz 
40 
50 
IlVRMS 
to 100kHz Sample Mode 


ELECTRICAL 
CHARACTERISTICS 
at Vs = ±15V, 
CH = O.005)lF, 
VLC connected to ground, O°C 
~ TA ~ +70°C, 
unless otherwise 
noted. 


SMp-1DE 
SMP-1DF 
SMp-11E 
SMP·11F 
SMP-11G 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Zero· Scale 
Error 
Vzs 
V,N _0. VS/H = 3.5V, (Note 1) 
0.75 
2.0 
1.0 
4.0 
2.7 
10 
mV 


Input Bias Current 
Ie 
V,N=OV 
50 
90 
80 
140 
120 
250 
nA 


Leakage 


'OR 
SMp·10 
0.05 
0.25 
0.080 
0.65 


(Droop) Current 
SMP·11 
0.5 
1.8 
0.6 
2.8 
0.7 
5 
nA 


Droop Rate 
dVcf/dt 
SMP·10 
10 
50 
16 
130 
SMP11 
100 
360 
120 
560 
140 
1000 
IlV/ms 


Sample 
Mode 


Voltage 
Gain 
Av 
V,N=±10V, 
RL=5kO 
0.99955 
0.99976 
0.99950 
0.99972 
0.99930 
0.99970 
VN 


orV'N 
~±5V, 
RL - 2.5kO 


Power Supply 
PSRR 
Sample 
Mode 
80 
90 
75 
80 
70 
90 
dB 
Rejection 
Ratio 
Vs=±9Vto±18V 


L09iC Control 
IlC 
VlC=OV 
-1 
-2 
-1 
-3 
i!A 
Input Current 
-1 
-4 


Sample Mode 
-5 
-15 
-5 
-15 
-5 
-15 
i!A 
VS/H-0.6V 
Logic Input 
IS/H 
Hold Mode 


VS/H = 5.0V 
0.2 
0.2 
0.2 
nA 


Differential 
Logic 
VTH 
0.8 
1.3 
2.0 
0.8 
1.3 
2.0 
0.8 
1.3 
2.0 
V 
Threshold 


NOTE: 
1. 
Measured 
500llS after hold command. 


ELECTRICAL 
CHARACTERISTICS 
at Vs = ± 15V. CH = O.005IlF, VLCconnected to ground, -55°C::; 
TA::;+125°C. 
unless 
otherwise noted. 


SMP-10A 
SMP-10 
SMP-11A 
SMP-118 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


1.25 
3.0 
1.60 
5.5 


90 
180 
160 
280 


0.050 
0.50 
0.080 
1.22 


12 
20 
16 
25 


12 
20 
16 
25 


10 
100 
16 
250 


2400 
4000 
3200 
5000 
2400 
4000 
3200 
5000 


0.99950 
0.99972 
0.99940 
0.99968 


V,S 
V'N ~ 0, VSIH ~ 3.5V, (Nole 1) 


'B 
V'N~ 
OV 


TA= -55°C 


TA= +125°C 


TA= Full Range 


TA = -55°C 


TA= +125°C 


TA = Full Range 


Sample 
Mode 


V'N ~ ±10V, RL = 5kl1 


or V'N ~ ±5V, RL = 2.5kl1 


Sample Mode 


Vs = ±9V 10 ± 18V 


VLC = OV 


Sample Mode 


VS1H= 0.6V 
Hold Mode 


VS1H= 5.0V 


r----- 
-----, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 
_ 


(ONE DIODE SET PEA BOARD) 


SMP-10 


SMP-ll 


SMP-10 


SMP-11 


88 
72 
90 


-1 
-3 
-1 
-5 


-5 
-15 
-5 
-15 


0.2 
0.2 


1.3 
2.0 
0.6 
1.3 
2.0 


2. INPUT 
3. NULL 
4. NULL 
5. NEGATIVE 
SUPPLY 
(SUBSTRATE) 
7. OUTPUT 
9. POSITIVE 
SUPPLY 
11. HOLD CAPACITOR 
(CH) 
13. LOGIC 
THRESHOLD 
CONTROL 
(VLC) 
14. SAMPLE/HOLD 
COMMAND 


2. INPUT 
3. NULL 
4. NULL 
5. NEGATIVE 
SUPPLY 
(SUBSTRATE) 
7. OUTPUT 
9. POSITIVE 
SUPPLY 
11. HOLD CAPACITOR 
(CH) 
13. LOGIC 
THRESHOLD 
CONTROL 
(VLC) 
14. SAMPLE/HOLD 
COMMAND 


WAFER TEST LIMITS 
at Vs = ± 15V, 
CH = O.005I'F, 
VLC connected to ground, TA = 25°C, 
unless otherwise noted. • 


SMP-10N 
SMP-10G 
SMP-11N 
SMP-11G 


PARAMETER 
SYMBOL 
CONDITIONS 
LIMIT 
LIMIT 
UNITS 


Zero-Scale 
Error 
Vzs 
V'N = 0, VS/H = 3.5V 
1.5 
3.0 
mVMAX 


Hold Mode. 
(Note 2) 


Input Bias Current 
IB 
V1N = OV 
60 
90 
nA MAX 


SMP-10 
0.10 
0.25 


Leakage (Droop) Current 
lOR 
nA MAX 
SMP-ll 
1 
2.5 


SMP·l0 
20 
50 
~Vlms MAX 
Droop 
Rate 
dVcH/dt 
SMP-11 
200 
500 


Sample Mode 


Voltage 
Gain 
Av 
V1N = ±10V 
0.99963 
0.99953 
VN MIN 


orV1N= ±5V 


Hold Capacitor 
ICH 
V1N - VOUT:::: ±3V 
30 
20 
mAMIN 


Charging Current 


Input Voltage Range and/or 
RL = 2.5kll 
±11 
±10.5 
VMIN 
Output 
Voltage Swing 


Power Supply 


PSRR 


Sample 
Mode 
82 
77 
dB MIN 


Rejection 
Ratio 
Vs = ±9V to ±18V 


Power Consumption 
Po 
Sample 
Mode V1N = 0 
180 
210 
mWMAX 


logic 
Control Input Current 
ILC 
VLC = OV 
-2 
-3 
~A MAX 


Sample Mode 
-15 
-15 
~A MAX 


Logic Input 
ISIH 
VSIH = 0.6V 


Hold 
Mode 
0 
nA MAX 
VS1H= 5V 


Differential 
Logic 
2.0 
2.0 
V MAX 


Threshold 
VTH 
VLC = 0 
0.8 
0.8 
VMIN 


NOTES: 
1. 
Measured 5001-'5 
after hold command. 


Electrical 
tests are performed 
at wafer probe to the limits 
shown. Due to variations 
in assembly 
methods 
and normal 
yield loss, yield after packaging 
is not 
guaranteed 
for standard 
product 
dice. Consult factory to negotiate 
specifications 
based on dice lot qualification 
through 
sample lot assembly and testing. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 
at Vs = ±15V, 
CH = O.005I'F, 
VLC connected to ground, TA = 25°C, 
unless 
otherwise noted. 


SMP-10N 
SMP-10G 
SMP-11N 
SMP-11G 
SYMBOL 
CONDITIONS 
TYPICAL 
TYPICAL 
UNITS 


taq 
10V step to 0.1% of final value 
3.5 
3.5 
"S 


tap 
50 
50 
ns 


a, 
V'N = 0, vs/H = 3.5V 
5 
pC 


SR 
V'N = ±10V, RL = 2.5kO 
10 
10 
VI~s 


Aperture 
Time 


Charge 
Transfer 


Slew Rate 


CHA ••••GE IN HOLD STEP 
AMPLITUDE 
CHANGE IN 


vBS/H~ 
HOLD STEP VB 
dt 
INPUT VOLTAGE 


+3 
:; 
.§ 
+2 
~ 
w 
in 
:; 
9 
+' 
.§ 
!i! 
~ 
., 


in 
w 
0 
" 
9 
z" 
0 
:r 
:r 
'" -, 
., 
w 
0 
1=i -2 
:l 
NORMALIZED 
TO 
o VOLTS V1N@25°C 


-3 
+'0 
1.0 
10 
-'5 
-'0 
-5 
0 
+5 
+15 


S/H dV/dt 
lOGIC 
INPUT SLEW RATE (V/~s) 
INPUT VOLTAGE 
(VOL 1S1 


SMP-10 
SMP-11 
DROOP RATE 
DROOP RATE 
VBTEMPERATURE 
vs TEMPERATURE 


CHi: 0.0~5.F 1 


I 
I 


I 
,-' 
I 
IY 
- 
I 
I 


I 


: 
-2000 
S 


~ 
-1000 
o 


5 
·55 
-35 
-15 
5 
25 
45 
65 
85 
105 
125 


TEMPERATURE 
to C) 


INPUT BIAS CURRENT 
VBTEMPERATURE 


\ 
" 


o 
-100 
-50 
0 
50 
100 


TEMPERATURE re) 


-4000~H=O'005~F 
-3000 


-2000 


! 
-400 


" 


I 


J/ 
V 


l./ V 


•...• -300 
~ 
o 
1?o 


200 


-55 
-35 
-15 
25 
45 
65 
85 
105 
125 


TEMPERATURE 
(OCI 


ACQUISITION 
TIME 
VBHOLD CAPACITOR 


o 
18 
16 
14 
12 
10 
8 
6 


CH inF, lnF '" 1000pF) 


HOLD MODE 
POWER SUPPLY REJECTION 


TYPICAL 
D.C. NEGATIVE 
POWER SUPPLY 


REJECTION 
RATIO· 
86dB 
111111 
111111111 
111111111 
11111111 
1111 


TYPICAL 
D.C. POSITIVE 
POWER SUPPL V 


REJECTION 
RATIO'" 
84dB 
11111111 
11111 
POSITIVE SUPPLV 
t+15V +lV 
SIN wT) 
~ 
o 
~ 
60 
a:zo 


~ 
40 


03a: 


DROOP CURRENT 
VBTEMPERATURE 


1 -10 


'"i- -, 
~ 
o, 
.p -0.1 


HOLD 


--F5°C 


- 
25~C 


'--1250~ 


) 
I 
--- 
VLC = O.OV (PIN 13) 
SAMPLE 


I 
11IN14)~LTAGE 


OUTPUT RESISTANCE 
va FREQUENCY 


TOTAL HARMONIC 
DISTORTION 
va FREQUENCY 


POWER DISSIPATION va 
INPUT FREQUENCY = Vp SIN wT 


500 
V+ .15V 
v- .•-15V 
VLC• 
GND 


400 
CH •• 0.005,.l F 


OUTPUT WIDEBAND 
NOISE 
va BANDWIDTH 
(0.1Hz TO 
FREQUENCY INDICATED) 


1,000 
;; 
.3 
w~ 
oz~~ 


SAMPLE MODE 
POWER SUPPLY REJECTION 


MAXIMUM INPUT SIGNAL 


AMPLITUDE 
va FREQUENCY 


V+ = 15V 
V-"'-15V 
VLC" 
GND 


CH" 
O.OO5,uF 


10M. 


HOLD CAPACITOR 


CHARGING 
CURRENT va 


INPUT OUTPUT VOLTAGE 
:/ 


+2~ 


POWER SUPPLY CURRENT 
va POWER SUPPLY VOLTAGE 


r1'"+2S"C 
I 
I 
I 
HOLD MODE 
--- 
T 
I 
I 
SAMPLE MODE 
--- 


ACQUISITION 
TIME 
-10V to OV 
;=. 


II 
v 


:11 
n 
Jj 


II' 


v 
lp 


ACQUISITION 
TIME 
+1.0Vto 
OV 


v 


DOt 
lp 


ACQUISITION 
TIME 
+10V to OV 
"""= 
v 


11I 


[t 
l' 
_v 
I 
lp 


ACQUISITION 
TIME 
-100mV to OV 


APPLICATIONS 
INFORMATION 


During the null adjustment, the amplifier should be switched 
continuously between the "sample" and "hold" mode. The 
error should be adjusted to read zero when the unit is in the 
"hold" mode. In this way, both offset voltage errors and 
charge transfer errors are adjusted to zero. 


ACQUISITION 
TIME 
-1.0V to OV 


v 


I 


00. 
IpS 


ACQUISITION 
TIME 
+100mVto 
OV 
=iiiiiiiiv 


.1 
11 


~v 
lp 


As shown in the Figure, the sample/hold mode control is 
accomplished by steering the current (I,) through 01 or 02, 
thus providing high-speed switching and a predictable logic 
threshold. For TTL and DTL interface, simply ground 
VLC 


(Pin 13).For CMOS, HTL and HNIL interface, the appropriate 


threshold voltage. allowing for 2 diode drops for 01 and VBe 
of 03. should be applied to VLC' 


For proper operation. the VLC(logic control) must always be 
at least 3.5V below the positive supply and 2.0V above the 
negative supply. 


Sample-and-hold control voltage (5tH) must always be at 
least 2.8V above the negative supply. 


GUARDING AND GROUNDING 
LAYOUT 
The use of a ground plane is strongly recommended to 
minimize ground path resistances. Separate analog and 
digital grounds should be used. and it is advisable to keep 
these two ground systems isolated until they are tied back to 
the common system ground. Digital currents should not flow 
back to the system ground through the analog ground path. 


HOLD CAPACITOR RECOMMENDATIONS 
The hold capacitor (CH) acts as a memory element and also 
as a compensating 
capacitor 
for the sample-and-hold 
amplifier. For stable operation, a minimum value of 2000pFis 
recommended, with no limit set for the maximum value. The 
devices havebeen internally trimmed for CH= 5000pF.Other 
values of CH will cause a zero-scale shift, which can be 
calculated from the following equation: 


fN 
( 
V) = 5 (pC) 
X 103 -1 
zs m 
CH (pF) 


The 
hold 
capacitor 
should 
have very high 
insulation 
resistance and low dielectric absorption. For temperatures 
below 85·C, 
polystyrene 
capacitors 
are recommended, 


while 
teflon 
capacitors 
are recommended 
for 
higher 
temperature applications. 
• 


IIlIIIIII ANALOG 
WDEVICES 
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FEATURES 
High Speed 
Version 
of SMP-08 
Internal 
Hold 
Capacitors 
Low 
Droop 
Rate 
TTL/CMOS 
Compatible 
Logic Inputs 
Single 
or Dual Supply 
Operation 
Break-Before-Make 
Channel 
Addressing 
Compatible 
With 
CD4051 
Pinout 


Low 
Cost 


APPLICATIONS 
Multiple 
Path Timing 
Deskew 
for A.T.E. 


Memory 
Programmers 
Mass 
Flow/Process 
Control 
Systems 
Multichannel 
Data 
Acquisition 
Systems 
Robotics 
and Control 
Systems 
Medical 
and Analytical 
Instrumentation 
Event 
Analysis 
Stage 
Lighting 
Control 


GENERAL DESCRIPTION 
The SMP-18 is a monolithic octal sample-and-hold; 
it has eight 
internal buffer amplifiers, input multiplexer, and internal hold 
capacitors. It is manufactured 
in an advanced oxide isolated 
CMOS technology to obtain high accuracy, low droop rate, and 
fast acquisition time. The SMP-18 has a typical linearity error of 
only 0.01 % and can accurately acquire a 10-bit input signal to 
±112 LSB in less than 2.5 microseconds. The SMP-18's output 
swing includes the negative supply in both single and dual sup- 
ply operation. 


The SMP-18 was specifically designed for systems that use a 
calibration cycle to adjust a multiple of system parameters. The 
low cost and high level of integration make the SMP-18 ideal for 
calibration requirements 
that have previously required an ASIC, 


or high cost multiple D/A converters. 


The SMP-18 is also ideally suited for a wide variety of sample- 
and-hold applications including amplifier offset or VCA gain 
adjustments. 
One or more SMP-18s can be used with single or 


multiple DACs to provide multiple set points within a system. 


Octal Sample-and-Hold 
with Multiplexed Input 


SMP-18 
I 


• 


The SMP-18 offers significant cost and size reduction over dis- 
crete designs. It is available in a l6-pin hermetic or plastic DIP 
or surface mount SOIC package. The SMP-18 is a higher speed 
direct replacement for the SMP-08. 


Parameter 
Symbol 
Conditions 
Min 
Typ 
Max 
Units 


Linearity Error 
-3V:sVlN:s+3V 
0.01 
% 


Buffer Offset Voltage 
Vos 
TA = +25°C, VlN = 0 V 
2.5 
10 
mV 


-40°C :s TA :s +85°C, VIN = 0 V 
3.5 
20 
mV 
Hold Step 
VHS 
VIN = 0 V 
4 
6 
mV 
Droop Rate 
IlVCH/llt 
TA = +25°C, VIN = 0 V 
2 
40 
mVis 


Output Source Current 
ISOURCE 
VIN = 0 VI 
1.2 
mA 
Output Sink Current 
ISINK 
V1N= 0 VI 
0.5 
mA 
Output Voltage Range 
RL = 20 kfl 
-3.0 
+3.0 
V 


LOGIC CHARACTERISTICS 
Logic Input High Voltage 
V1NH 
2.4 
V 


Logic Input Low Voltage 
VlNL 
0.8 
V 
Logic Input Current 
IIN 
VlN = 2.4 V 
0.5 
1 
fJoA 


DYNAMIC PERFORMANCE' 
Acquisition Time 
tAQ 
TA = +25°C, -3 V to +3 V to 0.1% 
3.5 
fJoS 


Hold Mode Settling Time 
tH 
To:!:l 
mVofFinal 
Value 
1 
fJoS 


Channel Select Time 
!cH 
90 
ns 


Channel Deselect Time 
toes 
45 
ns 


Inhibit Recovery Time 
tIR 
90 
ns 


Slew Rate 
SR 
6 
V/fJos 


Capacitive Load Stability 
<30% Overshoot 
500 
pF 
Analog Crosstalk 
- 3 V to + 3 V Step 
-72 
dB 


SUPPLY CHARACTERISTICS 
Power Supply Rejection Ratio 
PSRR 
Vss=:!:5Vto:!:6V 
60 
75 
dB 
Supply Current 
Inn 
TA = +25°C 
5.5 
7.5 
mA 


-40°C :s TA :s +85°C 
7.5 
9.5 
mA 


NOTES 
IOutputs are capable 
of sinking and sourcing over 10 mA but offset is guaranteed at specified load levels. 
2AlIinput control signals are specified with tr = If = 5 os (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 


Specifications 
subject 
to change 
without 
notice. 


ELECTRICAL CHARACTERISTICS 
(@ Voo = +12 
V, Vss = 0 V, DGND = 0 V, Rl = No Load, TA = -40°C 
to +85°C 
for 


SMP-18F, 
unless otherwise 
noted) 


Parameter 
Symbol 
Conditions 
Min 
Typ 
Max 
Units 


Linearity Error 
60 mV :s VIN :s 10 V 
. 
0.01 
% 


Buffer Offset Voltage 
Vos 
TA = +25°C, VlN = 6 V 
2.5 
10 
mV 
-40°C :s TA :s +85°C, VIN = 6 V 
3.5 
20 
mV 


Hold Step 
VHS 
VIN = 6 V 
4 
6 
mV 
Droop Rate 
IlVCH/Ilt 
TA = +25°C, V1N = 6 V 
2 
40 
mVis 


Output Source Current 
ISOURCE 
V1N = 6 VI 
1.2 
mA 
Output Sink Current 
ISINK 
V1N = 6 VI 
0.5 
mA 
Output Voltage Range 
RL = 20 kfl 
0.06 
10.0 
V 
RL = 10 kfl 
0.06 
9.5 


LOGIC CHARACTERISTICS 
Logic Input High Voltage 
VINH 
2.4 
V 
Logic Input Low Voltage 
VINL 
0.8 
V 
Logic Input Current 
IIN 
VIN = 24 V 
0.5 
1 
fJoA 


DYNAMIC PERFORMANCE' 


Acquisition Time 
tAQ 
TA = +25°C, 0 to 10 V to 0.1% 
2.5 
fJoS 
Hold Mode Settling Time 
tH 
To :!:1 mV of Final Value 
I 
fJoS 
Channel Select Time 
!cH 
90 
ns 
Channel Deselect Time 
toes 
45 
ns 
Inhibit Recovery Time 
tIR 
90 
ns 
Slew Rate' 
SR 
7 
V/fJos 


Capacitive Load Stability 
<30% Overshoot 
500 
pF 
Analog Crosstalk 
o to 10 V Step 
-72 
dB 


Parameter 
Symbol 
Conditions 
Min 
Typ 
Max 
Units 


SUPPLY CHARACTERISTICS 
Power Supply Rejection Ratio 
PSRR 
10.8 V oS VDO 
oS 13.2 V 
60 
75 
dB 


Supply Current 
100 
TA = +25°C 
6.0 
8.0 
mA 
-40°C 
oS TA 
oS +85°C 
8.0 
10.0 
mA 


NOTES 
IOutputs are capable of sinking and sourcing over 10 mA but offset is guaranteed at specified load levels. 
2ABinput control signals are specified with tr = If = 5 os (10% to 90% of +S V) and timed from a voltage level of 1.6 V. 
3S1ewrate is measured in the sample mode with a 0 to 10 V step from 20% to 80%. 
Specifications subject to change without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS' 


Voo to DGND 
-0.3 
V, 17 V 


Voo to Vss 
-0.3 
V, 17 V 
VLOG1C to DGND 
-0.3 
V, Voo 


VIN to DGND 
Vss, Voo 


VOUT to DGND 
Vss, VDO 


Analog Output Current 
. 
±20 mA 


(Not short-circuit 
protected) 


Operating Temperature 
Range 


FQ, FP, FS . . . . . . . . . .. 
. 
-40°C to +85°C 


Junction Temperature 
+ 150°C 


Storage Temperarure 
-65°C to + 150°C 


Lead Temperarure 
(Soldering, 60 sec) 
+ 300°C 


Package Type 
°JA 
2 


°JC 
Units 


l6-Pin Hermetic DIP (Q) 
94 
12 
0c/w 


l6-Pin Plastic DIP (P) 
76 
33 
0c/w 


l6-Pin SOIC (S) 
92 
27 
0c/w 


NOTES 
1. Absolute maximum ratings apply to both nICE and packaged pans, un- 


less otherwise noted. 


2. 8JA is specified for worst case mounting conditions, i.e., aJA is specified 


for device in socket for cerdip and plastic DIP packages; 8JA is specified 
for device soldered to printed circuit board for sOle package. • 


CAUTION 
_ 


I. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to 


the device. This is a stress rating only and functional operation at or above this specification is not 
implied. 
Exposure to the above maximum 
rating conditions 
for extended 
periods may affect 
device reliability. 


2. Digital inputs and outputs are protected; however, permanent damage may occur on unprotected 
units from high-energy electrostatic fields. Keep units in conductive foam or packaging at all 
times until ready to use. Use proper antistatic handling procedures. 


3. Remove power before inserting or removing units from their sockets. 


CH.OUT 
voo 


CH60UT 
CH20UT 


INPUT 
CH,OUT 


CH70UT 
SMP-18 
CHoOUT 


CHsOUT 
TOP VIEW 
CH30UT 
(Not to Scala) 


INH 
A CONTROL 


Vss 
BCONTROL 


DGND 
CCONTROL 


ORDERING 
GUIDE· 


Package: 16·Pin DIP/SOIC 


Cerdip 
Plastic 
16·Pin 
16·Pin 
TBAt 
SMP-18FQ 


Operating 
Temperature 
Range 


SMP-18FP 
SMP-18FS 


MIL 
XIND 
XIND 


NOTES 
*Burn-in is available on industrial temperature range 
parts in cerdip and plastic DIP packages. 


tconsult 
factory for 883 data sheet. 


1. 
CH.OUT 
9. 
CCONTROL 


2. 
CH60UT 
10. 
BCONTROL 


3. 
INPUT 
11. 
A CONTROL 


4. 
CH70UT 
12. 
CH30UT 


5. 
CH50UT 
13. 
CHoOUT 


6. 
INH 
14. 
CHI 
OUT 


7. 
VSS 
15. 
CH20UT 


8. 
DGND 
16. 
VOO 


WAFER TEST LIMITS ~iec~fi:d~ 
+12 V, Vss = DGND = 0 V, RL = No Load, TA = +25°C for SMP·18GBC, unless otherwise 


Parameter 
Symbol 
Conditions 
Limits 
Units 


Buffer Offset Voltage 
Vos 
VIN = +6 V 
20 
mVmax 
Droop Rate 
t1VcH/t1t 
V1N = +6 V 
40 
mV/s max 
Output Source Current 
ISOURCE 
V1N = +6 V 
1.2 
mAmin 
Output Sink Current 
IS1NK 
V1N = +6 V 
0.5 
mA min 
Output Voltage Range 
RL = 20 kO 
0.06/10.0 
V maximin 
RL = 10 kO 
0.06/9.5 
V maximin 


LOGIC CHARACTERISTICS 
Logic Input High Voltage 
V1NH 
2.4 
Vmin 
Logic Input Low Voltage 
V1NL 
0.8 
Vmax 
Logic Input Current 
IIN 
VIN = 2.4 V 
I 
fJoAmax 


SUPPLY CHARACTERISTICS 
Power Supply Rejection Ratio 
PSRR 
10.8 V :5 VDO :5 13.2 
60 
dB min 
Supply Current 
100 
8.0 
mAmax 


NOTE 
Elecuical 
tests are performed 
at wafer probe 
to the limits 
shown. 
Due to variations 
in assembly 
methods 
and normal 
yield loss, 
yield 
after packaging 
is not 
guaranteed 
for standard 
product 
dice. 
Consult 
factory 
to negotiate 
specifications 
based on dice loe qualifications 
through 
sample 
lot assembly 
and testing. 
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APPLICATIONS 
INFORMATION 
The SMP-18, a multiplexed octal S/H, minimizes board space in 
systems requiring cycled calibration or an array of control volt- 
ages. When used in conjunction with a low cost 10-bit D/A, the 
SMP-18 can easily be integrated into microprocessor based sys- 
tems. Since the SMP-18 fearures break-before-make 
switching 
and an internal decoder, no external logic is required. The 
SMP-18 has an internally regulated TTL supply so that TTU 
CMOS compatibility is maintained over the full supply range. 
See Figure I for channel decode address information. 


POWER SUPPLIES 
The SMP-18 is capable of operating with either single or dual 
supplies, over a voltage range of 7 to 15 volts. Based on the sup- 
ply voltages chosen, V00 and Vss establish the output voltage 
range, which is: 


(Vss + 0.06 V):s 
VOUT:S (VDD - 
2 V) 


Note that several specifications, including acquisition time, off- 
set and output voltage, compliance will degrade for supply volt- 
ages of less than 7 V. 


If split supplies are used, the negative supply should be by- 
passed with a 0.1 flF capacitor in parallel with a 10 flF to 
ground. The internal hold capacitors are connected to this sup- 
ply pin and any noise will appear at the outputs. 


In single supply applications, it is extremely important that the 
Vss (negative supply) pin is connected to a clean ground. The 
hold capacitors are internally tied to the Vss (negative) rail. Any 
ground noise or disturbance will directly couple to the output 
of the sample-and-hold, 
degrading the signal-to-noise perfor- 
mance. The analog and digital ground traces on the circuit 
board should be physically separated to reduce digital switching 
noise from entering the analog circuitry. 


POWER SUPPLY 
SEQUENCING 
Voo should be applied to the SMP-18 before the logic input 
signals. The SMP-18 has been designed to be immune to latch- 
up, but standard precautions should still be taken. 


OUTPUT 
BUFFERS 
(Pins 1, 2, 4, 5, 12, 13, 14, 15) 
The buffer offset specification is 10 mY; this is less than 1/2 
LSB of an 8-bit DAC with 10 V full scale. The hold step (mag- 
nitude of step caused in the output voltage when switching from 
sample-to-hold mode, also referred to as the pedestal error or 
sample-to-hold offset) is about 4 mV with little variation over 
the full output voltage range. The droop rate of a held channel 
is 2 mV/s typical and 40 mV/s maximum. 


The buffers are designed to drive loads connected to ground. 
The outputs can source more than 20 mA, over the full voltage 
range, but have limited current sinking capability near Vss' In 
split supply operation, symmetrical output swings can be ob- 
•• 


tained by restricting the output range to 2 V from either supply. 
•• 


On-chip SMP-18 buffers eliminate potential stability problems 
associated with external buffers; outputs are stable with capaci- 
tive loads up to 500 pF. However, since the SMP-18's buffer 
outputs are not short circuit protected, care should be taken to 
avoid shorting any output to the supplies or ground. 


SIGNAL 
INPUT 
(Pin 3) 
The signal input should be driven from a low impedance voltage 
source such as the output of an op amp. The op amp should 
have a high slew rate and fast settling time if the SMP-18's ac- 
quisition time characteristics are to be maintained. 
As with all 
CMOS devices, all input voltages should be kept within range of 
the supply rails (Vss :s VIN :s Voo) to avoid the possibility of 
latch-up. If single supply operation is desired, op amps such as 
the OP-21, OP-80, or OP-90 that have input and output voltage 
compliances including ground, can be used to drive the inputs. 
Split supplies, such as ±7.5 V, can be used with the SMP-18. 


APPLICATION 
TIPS 
All unused digital inputs should be connected to logic LOW. 
For analog inputs that may become temporarily disconnected, 
a 
resistor to V00' Vss or analog ground should be used with a 
value ranging from 200 kO to I MO. 


Do not apply signals to the SMP-18 with power off unless the 
input current is limited to less than 10 mA. 


TYPICAL 
APPLICATIONS 
An 8-Channel Multiplexed 
D/A Converter 
Figure 1 illustrates a typical multiplexing function of the SMP- 
18. It is used to sample-and-hold 
eight different output voltages 
corresponding to eight different digital codes from a D/A con- 
verter. The SMP-18's droop rate of 40 mV/s requires a refresh 


once every 250 ms before the voltage drifts beyond 1/2 LSB ac- 
curacy (I LSB of an 8-bit DAC is equivalent to 19.5 mY, out of 
a full-scale voltage of 5 V). For a 10-bit DAC, the refresh rate 
must be less than 60 ms, and for a 12-bit system, 15 ms. This 
implementation 
is very cost effective compared to using multiple 
DACs as the number of output channels increases. 


CHANNEL DECODING 


PIN 9 
PIN 10 
PIN 11 
PIN6 
C 
B 
A 
INH 
CH 
PIN 


0 
0 
0 
0 
0 
13 
0 
0 
1 
0 
1 
14 
0 
1 
0 
0 
2 
15 
0 
1 
1 
0 
3 
12 
1 
0 
0 
0 
4 
1 
1 
0 
1 
0 
5 
5 
1 
1 
0 
0 
6 
2 
1 
1 
1 
0 
7 
4 
X 
X 
X 
1 
NONE - 
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Quad SPST 
Dual SPOT 


AD7510DI 
AD7512DI 
AD7511DI 
AD7592DI (Latched) 
AD7590DI (Latched) 
AD7591DI (Latched) 


Quad SPST 


SW-Ol 
SW-02 
SW-06 
SW-201 
SW-202 
SW-7510 
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Quad SPST 


ADG201HS (High Speed) 
ADG201A 
ADG202A 
ADG211A 
ADG212A 
ADG221 (Latched) 
ADG222 (Latched) 
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Quad SPST 


ADG411 
ADG412 
ADG442 
ADG445 


Dual SPST 


SSM-2402 (Clickless Audio) 
SSM-2412 (Fast, Clickless Audio) 
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Single-Ended 
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8-Channel 
16-Channel 
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(J) 
~ 
CMOS Switches 
r1 
~ 
Leakage Current 
RoN Ohms 
Padage 
Temp 
(J) 
Model 
Function 
nAmax 
max 
Latched 
Optionsl 
Range' 
Page 
Comments 
1(0 
~ 
*ADG411 
QuadSPST 
0.25 
35 
2,3,6 
I,M 
cn 5-73 
Second Source to 00411, 
Dielectrica1ly Isolated 
c: 
*ADG412 
QuadSPST 
0.25 
35 
2,3,6 
I,M 
cn 5-73 
Second Source to 00412, 
Dielectrica1ly Isolated 
r- 
*ADG441 
QuadSPST 
0.25 
80 
2,3,6 
I,M 
cn 5-75 
Second Source to 00441, 
Upgrade for O620lA/ADG201 
::::! 
;:!1 
Dielectrica1ly Isolated 
~ 
*ADG442 
QuadSPST 
0.25 
80 
2,3,6 
I,M 
cn 5-75 
Second Source to 00442, 
Upgrade for O6202A/ADG201 


~ 
Die1ectrica1ly Isolated 
*ADG444 
QuadSPST 
0.5 
80 
I, 
2,3,6 
I,M 
cn 5-77 
Superior Second Source to DG444, Die1ectrica1ly lsolatecl 


*ADG445 
QuadSPST 
0.5 
80 
2,3,6 
I,M 
cn 5-77 
Superior Second Source to 00445, 
Dielectrica1ly lsolatecl 


ADG20IHS 
QuadSPST 
I 
SO 
2,3,4,5,6 
C,I,M 
cn >-49 
High Speed Quad Switch, 44 V Supply Maximum Ratings 
ADG20IA 
QuadSPST 
1-2 
90 
2,3,4,5,6 
C,I,M 
cn >-43 
44 V Supply Maximum Ratings 
ADG202A 
QuadSPST 
1-2 
90 
2,3,4,5,6 
C,I,M 
cn >-43 
44 V Supply Maximum Ratings 
ADG221 
QuadSPST 
1-2 
90 
X 
2,3,4,5,6 
C,I,M 
cn >-65 
Latched Input, 44 V Supply Maximum Ratings 
ADG222 
QuadSPST 
1-2 
90 
X 
2,3,4,5 
C,I,M 
cn >-65 
Latched Input, 44 V Supply Maximum Ratings 
AD7510DI 
Ql'~.lSPST 
5-10 
100 
2,3,4,5 
C,M 
cn 5-17 
DiCMOS, Die1ectrica1ly Isolated 
AD7511D1 
QuadSPST 
5-10 
100 
2,3,4,5 
C,M 
cn 5-17 
DiCMOS, Dielectrica1ly Isolated 
AD7590DI 
QuadSPST 
5 
90 
X 
2,3,4,5 
C,I,M 
cn 5-25 
DiCMOS, Latched Input, Die1ectrica1ly Isolated 
AD7591D1 
QuadSPST 
5 
90 
X 
2,3,4,5 
C,I,M 
cn 5-25 
DiCMOS, Latched Input, Die1ectrica1ly Isolated 
*SSM·24M 
QuadSPST 
10 
85 
2,6 
I 
cn 5-147 
"Clicldess" Quad Audio Switch (CBCMOS) 
ADG21lA 
QuadSPST 
5 
115 
2,5,6 
C 
cn 5-57 
Low Cost, 44 V Supply Maximum Ratings 
ADG2l2A 
QuadSPST 
5 
115 
2,5,6 
C 
cn 5-57 
Low Cost, 44 V Supply Maximum Ratings 
AD7512D1 
DualSPDT 
5-10 
100 
2,3,4,5 
C,M 
cn 5-17 
DiCMOS, Die1ectrica1ly Isolated 
AD7592D1 
DualSPDT 
5 
90 
X 
2,3,4,5 
C,M 
cn 5-25 
DiCMOS, Latched Input, Dielectrica1ly Isolated 


Bipolar JFET Switches 


Leakage Current 
RoN Ohms 
Package 
Temp 
Model 
Function 
nAmax 
max 
Optionsl 
Range' 
Page 
Comments 


SW-Ql 
QuadSPST 
1.0 
100 
3 
I 
C II 12-4 
Improved 00201 
SW-Q2 
QuadSPST 
1.0 
100 
3 
I 
ell 
12-4 
Improved 00202 
SW-Q6 
QuadSPST 
2.0 
80 
2,3,4,6 
I,M 
cn 5-149 
Improved LFI1333113333 
SW·201 
QuadSPST 
10.0 
ISO 
2,6 
I 
cn 5-161 
Improved Low Cost 06201 
SW·202 
QuadSPST 
10.0 
ISO 
2,6 
I 
cn 5-161 
Improved Low Cost 06202 
SW·7510 
QuadSPST 
1.0 
75 
3,4 
I,M 
ell 
12-4 
Improved HI·7510 
SW-7511 
QuadSPST 
1.0 
75 
3,4 
I,M 
ell 
12-4 
Improved m-7511 
SSM·2402 
DualSPST 
10.0 
85 
2,6 
I 
cn 5-133 
"CIicldess" Bilater.d Audio Switch 
SSM·2412 
DualSPST 
10.0 
85 
2,6 
I 
cn 5-133 
Fast, Dual Audio Switch 


Analog CMOS Multiplexers 


Leakage Current 
RoN Ohms 
Package 
Temp 
Model 
Fnnction 
nA JDal[ 
mo: 
Latched 
Options· 
Rangel 
Page 
Comments 


*AD75019 
16:16 
10 
300 
5 
C,I 
CD 
5-39 
16 x 16 Analog Crosspoint, 
Serial Interface 
ADGS06A 
16:1 
1 
280 
2,3,4,5,6 
C,I,M 
CD 
5-79 
Superior Second Source to O6506A 
ADG526A 
16:1 
1 
280 
X 
2,3,4,5,6 
C,I,M 
CD 
5-9S 
Superior Second Source to O6526A 
*AD7506 
16:1 
1-5 
300 
2,3,4 
C,M 
C II 5-13 
ADGS07A 
Diff.8:1 
1 
280 
2,3,4,5,6 
C,I,M 
CD 
5-79 
Superior Second Source to O6S07 A 
ADG527A 
Diff.8:1 
1 
280 
X 
2,3,4,5,6 
C,I,M 
CD 
5-9S 
Superior Second Source to 00527 A 
*AD7507 
Diff.8:1 
1-5 
300 
2,3,4 
C,M 
C II 5-13 
*ADG408 
8:1 
0.5 
100 
2,3,6 
C,I,M 
CD 
5-71 
Superior Second Source to DG408 
ADGS08A 
8:1 
1 
300 
2,3,4,5,6 
C,I,M 
CD 
5-87 
Superior 
Second Source to DGS08A 
ADG528A 
8:1 
1 
300 
X 
2,3,4,5 
C,I,M 
CD 
5-103 
Superior Second Source to DG528A 
AD7501 
8:1 
1-5 
300 
2,3,4 
C,M 
C II 5-9 
AD7503 
8:1 
1-5 
300 
2,3,4 
C,M 
C II 5-9 
*ADG409 
Diff.4:1 
0.5 
100 
2,3,6 
C,I,M 
CD 
5-71 
Superior Second Source to DG409 
ADGS09A 
Diff.4:1 
1 
300 
2,3,4,5,6 
C,I,M 
CD 
5-87 
Superior Second Source to O6S09A 
ADG529A 
Diff.4:1 
1 
300 
X 
2,3,4,5 
C,I,M 
CD 
5-103 
Superior Second Source to O6529A 
AD7502 
Diff.4:1 
1-5 
300 
2,3,4 
C,M 
C II 5-9 


Analog Bipolar JFET Multiplexers 


Leakage Current 
RoN Ohms 
Package 
Temp 
Model 
Fnnction 
nAmo: 
JDal[ 
Options· 
Rangel 
Page 
Comments 


MUX·08 
8:1 
1.0 
300 
2,3,4,6 
C,I,M 
C II 5-111 
Improved 
O6S08 
MUX·16 
16:1 
1.0 
380 
2,3,4,5 
I,M 
CD 
5-123 
Improved 
O6S06 
MUX·24 
Diff.4:1 
1.0 
300 
2,3,4,6 
C,I,M 
C II 5-111 
Improved O6S09 
MUX·28 
Diff.8:1 
1.0 
380 
2,3,4,5 
I,M 
CD 
5-123 
Improved O6S07 
MUX-88 
8:1 
100 
400 
3 
I 
C II 12-4 
8-ehannel Telecom Multiplexer 


Video Multiplexer 


Full Power 
Crosstalk 
BW 
Rejection 
MHz 
f= 
10 MHz 
Package 
Temp 
Model 
Fnnction 
min 
dB 
Options· 
Rangel 
Page 
Comments 


AD9300 
4:1 
30 
75 
3,4 
C,M 
CD 
5-31 
Wideband Video Mil][ 


'Package Options: I = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad FlatpaCk; 11 = Single-in-Line "SIP" Packase; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramid 
Glass DIP; 14 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = TO-92. 
'Temperature Ranses: C = Commercial, 0 to +7O"C; 1= Iodusrrial, -4O"C to +85"C (Some older products -25"C to +85"C); M = Military, -55"C to + 125"C. 
Boldface T)1lC':Product recommeoded for new desip. 
-New product since the publication of the most =t 
Databooks 
I 


Orientation 
Switches & Multiplexers 


Solid-state analog multiplexers and switches have become an 
essential and ubiquitous 
component in the design of many elec- 
tronic systems which require the ability to control and select a 
specified transmission path for an analog signal. These semi- 
conductor devices are utilized in a wide range of applications 
including data acquisition, process control, instrumentation, 
video systems, and telephony systems. Analog Devices offers a 
complete line of monolithic analog multiplexers and switches in 
the commercial, industrial, 
and military grades which are well 
suited for these applications and environments. 


In selecting analog multiplexers and switches, attention must be 
paid to several key specifications which affect a system's perfor- 
mance. The acquisition of an analog input signal within a speci- 
fied time and error band is a primary concern affected by the 
on-channel resistance (RoN) and the effective output capacitance 
(CO(ON))specifications in conjunction with the effective load 
impedance. The total output capacitance, consisting of both the 
multiplexer/switch 
output and load capacitance, will form an 
R-C constant with RoN, thus affecting both the bandwidth and 
the settling time to within a specified error band. A low RoN 
which remains relatively constant over the analog input range 
will ensure minimum signal attenuation and distortion. 
High 
crosstalk and off-isolation specifications prevent unselected sig- 
nals from affecting the signal path, thus maintaining a high 
signal-to-noise ratio. Break-before-make 
switching ensures that 
no two channel inputs are simultaneously connected, thus avoid- 
ing potential damage to the input signal sources. Switching time 
and settling time will determine the maximum handling frequency 
of the multiplexer as determined by the sampling theorem. Volt- 
age offset contributions 
from a multiplexer/switch 
are a result of 
the effective leakage currents flowing through RoN' RSOURCE' 
and RLOAO' 


Our product line can be categorized by the particular fabrication 
process employed into the following three distinct product fami- 
lies: CMOS, bipolar-JFET, 
and advanced bipolar (video). An 
understanding 
of the advantages and limitations of each of these 
processes is beneficial in selecting the best analog switch or mul- 
tiplexer for a particular application. Devices fabricated on a 
CMOS or a bipolar- JFET process are bidirectional, 
and their 
input and output may be transposed, 
thus allowing a multi- 
plexer to be configured as a demultiplexer. 


The CMOS process utilizes both N- and P-channel MOSFETs 
in the design of the analog switch, digital control logic, and 
switch driver circuits. These bidirectional analog switches con- 
sist of a parallel combination of P- and N-channel MOSFETs, 
allowing the analog input voltage range to extend to the supply 
rails while maintaining a fairly constant ON channel resistance 
<RoN)' This process and architecrure allow these devices to op- 
erate over a +5.0 V to + 16.5 V single and dual supply range 
with the tradeoff being an increase in RoN and switching time 
for decreasing supply ranges. Low power consumption and leak- 
age currents are some of the intrinsic characteristics and advan- 
tages of CMOS processes. Various parasitic device capacitances 
in conjunction with the load resistance can adversely affect both 
crosstalk and off isolation, thus limiting the effective bandwidth 
of these devices to below 100 kHz for a l2-bit system. 


Our current portfolio of CMOS multiplexers and switches are 
fabricated on either a low cost, enhanced LC2 MOS junction- 
isolated or a dielectrically isolated process. The LC2MOS pro- 
cess features high breakdown voltages and very low parasitic 
capacitances which increase both the switching time and isola- 
tion. These junction-isolated 
devices are designed to restrict the 
incidence of SCR latch-up to conditions of excessive misuse. 
The dielectrically isolated process eliminates the parasitic junc- 
tions which cause SCR latch-up, thus extending the overvoltage 
protection at the analog ports to ±25 V above the power sup- 
plies while maintaining low RoN and low leakage currents. 


Analog multiplexers and switches fabricated on the bipolar- 
JFET process consist of high quality ion-implanted 
P-Channel 
JFET switches. The digital control logic and switch driver cir- 
cuits for these switches consist of both bipolar and JFET de- 
vices. JFET switches tend to exhibit slightly lower RoN' RoN 
variation over the analog input range and parasitic device capaci- 
tance, resulting in improved bandwidth, 
isolation, crosstalk, and 
harmonic distortion specifications when compared to CMOS de- 
vices. The analog input range extends from the negative supply 
to approximately 4 volts (VPCNCH-OFF)below the positive sup- 
ply. This radiation-hard 
process is not plagued by the SCR 
latch-up tendency, and is less susceptible to both ESD and ana- 
log over-voltage destruction, 
unlike traditional CMOS processes. 
The limitations of this process, when compared to CMOS, are 
an increase in power consumption, 
a lower analog input range, 


and a restricted power supply operating range. 


The advanced bipolar process exhibits a minimum full-power 
bandwidth of 30 MHz and provides fast, wideband switching 
capabilities while maintaining crosstalk rejection of 75 dB at 
10 MHz. As these specifications suggest, this process is best 
suited for video applications. 
Some other key specifications in- 
clude gain flatness and tolerance, differential gain and phase, 
settling time, and input impedance. The AD9300 4 x 1 video 
multiplexer uses this process to achieve the high performance 
characteristics required for video applications which are unat- 
tainable through the other processes. 


DEFINITIONS 
OF SPECIFICATIONS 
Analog Input Leakage Current-IS<OFF) 
The algebraic sum of leakage currents into or out of an 
OFF-channel 
source input due to parasitic reverse-bias diode 
junctions. 


Analog Output Leakage Current-loUT 
or Io(oFF) 
The algebraic sum of leakage currents into or out of an 
OFF-channel 
uD" output due to parasitic reverse-bias diode 
junctions. 


Analog Output-to-Input 
Capacitance-CoS<OFF) 


The equivalent capacitance which shunts an open switch effec- 
tively between US" and uD" output. This will determine a 
switch's isolation over frequency. 


Analog Input/Output 
ON Capacitance-CS(ON)' 
CD(ON) 


The capacitance between the analog "S" input or "0" 
output 
and ground with the channel ON. 


Analog Input OFF Capacitance-CS(OFF) 
The capacitance between an analog "S" input and ground with 
the channel OFF. 


Analog Output OFF Capacitance-~OFF) 
The capacitance between the analog "0" 
output and ground 
with the channel OFF. High frequency transmission and output 
settling time characteristics are highly influenced by this param- 
eter in conjunction with RoN' 


Break-Before-Make 
Oelay-(loPEN) 
The elapsed time between the turn-off of one analog input and 
the subsequent turn-on of another input as determined by the 
appropriate instantaneous change in the digital input code for 
both inputs measured between the outputs' 
50% transition 
points. 


Channel Capacitance-CSS(OFF)' 
COD(OFF) 


The capacitance between the "0" 
("S") terminals of any two 
channels. 


Charge Transfer-Q 
Charge transfer appears as a voltage step (pedestal) on the out- 
put capacitance after switch turn-OFF 
due to charge coupling 
from the switch driver to the analog switch. 


Crosstalk-CT 
The proportionate 
amount of cross-coupling from an analog in- 


put channel to another output channel, expressed in dB. It is 
measured by driving the source of any channel with a specified 
input signal and observing the voltage which appears at the out- 
put with a specified load. 


Digital Input Capacitance-ColG 
or CIN 
The capacitance between a digital input and ground. 


Digital Input Current 
-(IINL 
or IINH) 
The current flowing into a digital input when a specified low 
level or high level voltage is applied to that input. 


Digital Input Voltage-(V,NL 
and V,NH) 
The maximum threshold input voltage for Logic "0" and the 
minimum threshold input voltage for Logic" I." 


NegativelPositive 
Voltage Supply-(V-, 
Vss and V+, Voo) 
The most negative and most positive voltage supply with respect 
to ground. 


Off Isolation -lsO(oFF) 
The proportionate 
amount of a high frequency analog input sig- 
nal which is coupled through the channel of an OFF device. 
This feedthrough is transmitted 
through the COS(OFF)to a load 
comprised of CD(OFF)in parallel with an external load. Isolation 
generally decreases by 6 dB/octave with increasing frequency. 


ON Resistance-RoN 
The series ON-channel 
resistance measured between "S" input 
and "0" 
output terminals under specified conditions. 


ON Resistance 
Match-RoN 
Match 
or RoN Between Switches 
The channel-to-channel 
matching of ON resistance when chan- 
nels are operated under identical conditions. 


ON Resistance 
Variation-RoN 
or RoN vs. Vs 
The variation of ON resistance produced by the specified analog 
input voltage change with a constant load current. 


ON Channel Analog Leakage Current 
-1D(oN) 
+ Is(oN) or 
lOUT-Is 
Current loss (or gain) through an ON-channel 
resistance creating 
a voltage offset across the device. Specified as an absolute value 
since the direction of the current flow is unpredictable. 


Output Enable Delay Time OFF -loFF(EN) 
The required time for a multiplexer to disconnect the analog 
output from the selected analog input. It is measured from the 
50% point of ENABLE input logic change to the time the out- 
put reaches 10% of the initial value. 


Output Enable Delay Time ON -loN(EN) 
5 


The required time for a multiplexer to connect the analog out- 
put to the selected analog input. It is measured from the 50% 
point of ENABLE input logic change to the time the output 
reaches 90% of the [mal value. 


Output OFF Switching Time-toFF 
The time required to disconnect the analog output from the ana- 
log input. The time is measured from the 50% point of the logic 
input change to the time the output reaches 10% of the initial 
value. 


Output ON Switching Time-loN 
The time required to connect the analog output to the analog 
input. The time is measured from the 50% of the logic input 
change to the time the output reaches 10% of the final value. 


Output Settling Time-ts 
The elapsed time for the analog output to reach its [mal value 
within a specified error band after the corresponding 
digital in- 
put code has been changed. It is measured from the 50% point 
of the logic input change to the time the output reaches a [mal 
value within a specified error band. 


Power Supply Rejection-PSSR 
The ratio of the change in switch contact voltage (V0) to the 
change in voltage supply (V+ or V-) that causes it. 


Switching Time- 
lntANSITION 
The time required to switch and slew from one analog input 
channel to another analog input with a full-scale differential be- 
tween inputs with a high impedance output load. The time is 
measured from the 50% point of the logic input change to the 
time the output reaches 80% of the [mal value. 


Total Harmonic 
Distortion-THD 
The ratio of the signal power at the fundamental 
frequency to 
the signal power of all harmonics observed at the switch output 
(V0) with a pure sinusoid applied to the switch input (Vs). 


GENERAL DESCRIPTION 
The AD7501 and AD7503 are monolithic 
CMOS, 8-channel 
analog multiplexers 
which switches one of 8 inpu ts to a 
common output 
depending on the state of three binary ad- 
dress lines and an "enable" 
input. The AD7503 is identical 
to the AD7501 except its "enable" 
logic is inverted. All 
digital inputs are TTLlDTL and CMOS logic compatible. 


The AD7502 is a monolithic 
CMOS dual 4-channel analog 
multiplexer. 
Depending on the state of 2 binary address in- 
puts and an "enable", 
it switches two output 
buses to two 
of 8 inputs. 


-,ANALOG 
WDEVICES 


I 


FEATURES 
DTLJTTLJCMOS 
Direct 
Interface 
Power 
Dissipation: 
30 •.•.W 
RoN: 
1700. 


Standard 
16-Pin 
DIPs and 
20-Terminal 
Surface 
Mount 
Packages 


AD7S01 


A2 
AI 
Ao 
EN 
"ON" 


0 
0 
0 
1 
1 
0 
0 
1 
1 
2 
0 
1 
0 
1 
3 
0 
1 
1 
1 
4 
1 
0 
0 
1 
5 
1 
0 
1 
1 
6 
1 
1 
0 
1 
7 
1 
1 
1 
1 
8 
X 
X 
X 
0 
None 


CMOS 
4/8 Channel Analog Multiplexers 


AD7501/AD7502/AD7503 
I 


FUNCTIONAL 
BLOCK DIAGRAMS 


AD7S01lAD7S03 


r- 
--, 


Voo o-J 
HLIOTL 
TO CMOS LEVEL TRANSLATOR 
I 
,."VI 
I 


GND ~ 
DECODER/DRIVER 
I 
l~~ 
I 
,-~rv,<>-i 
I 
I 
L 
-.1 
't.__ J 
--l---------h 
OUT 
51 
sa 
• 


Voa ~ 
DTLlTTL 
TO CMOS LEVel 
TRANSLATOR 


1+15V) 
I 


GNOo-J 
DECODER/DRIVER 
I 
IrH'rn' 
I 


(-~rv,o-j 
I 
I 
I 
I 
I 


L -I~--=f-E---=r-- 
J 


OUT 
81 
54 
55 
sa 
OUT 
1-4 
5-8 


AD7S03 


A2 
AI 
AO 
EN 
"ON" 


0 
0 
0 
0 
1 
0 
0 
1 
0 
2 
0 
1 
0 
0 
3 
0 
1 
1 
0 
4 
1 
0 
0 
0 
5 
1 
0 
1 
0 
6 
1 
1 
0 
0 
7 
1 
1 
1 
0 
8 
X 
X 
X 
1 
None 


AD7S02 


AI 
AO 
EN 
"ON" 


0 
0 
1 
1 & 5 


0 
1 
1 
2 & 6 


1 
0 
1 
3 & 7 
1 
1 
1 
4&8 


X 
X 
0 
None 


AD7501/AD7502/AD7503 
-SPECIFICATIONS 
~~~r:is;~:~~:'i 
= -15V unless 


1t2S·C 
OVERSPECIFIED 
TEMP.RANGE 
PARAMETER 
VERSION' 
SWITCH 
AD7S0t. 


CONDITION AD7S0t. AD7S03 
AD7S02 
AD7S03 
AD7S02 
TESTCONDITIONS 


ANALOGSWITCH 
RON 
All 
ON 
l70n typo 300n max 
-IOV <. Vs " +lOV 
RON 'IS. Vs 
All 
ON 
20%'yp 
Is = l.OmA 


RON 'IS. Temperature 
All 
ON 
O.S%tc typ 
Vs = OV,Is' 
l.OmA 


6RON 
Between 
Switches 
All 
ON 
4%typ 


RON "s. Temperature 
Between 


to.Ol%/oC 
Switches 
All 
ON 


IS 
K 
OFF 
a.2oA 
typo 2nA max 
SOnA max 
Vs :: -IOV. 
VOUT = +lOV and 


S 
OFF 
O.SnA max 
SOnA 
max 
Vs:: +lOV, VOUT::: -IOV 


'oUT 
K 
OFF 
IDA 
typ, 
IOnA max 
O.6nA typ, 
SnA max 
lSOnA 
max 
llSnA 
max 
Vs :: -IOV, VOUT = +lOV and 
Vs = +10V, VOUT = -IOY 
S 
OFF 
SnA 
max 
30A max 
2S0nA max 
12SnA 
max 
AD7S01l02: 
Enable LOW 
AD7S03: 
Enable HIGH 


l'oUT - 'SI 
K 
ON 
12nA 
max 
7nA max 
300nA max 
17SnA max 
Vs - 0 
S 
ON 
S.SnA 
max 
3.5nA max 
300nA max 
17SnA max 
OIGITALCONTROL 
VINL 
All 
a.Bv max 
VINH 
All 
2.4V 
min 


IlNL or IlNH 
All 
IOnA 
typ 


~ 
All 
3pF typ 
DYNAMICCHARACTERISTICS 
'ON 
All 
O.8J,Js 
typ 
VIN 
= 0 to +S.OV 


tOFF 
All 
O.8JJs 
typ 
(See Test Circuit 2) 
Cs 
All 
OFF 
5pF typ 
. 


C('IUT 
All 
OFF 
30pF 'yp 
tSpF 'yp 


CS-oUT 
All 
OFF 
O.spF typ 
Css 
Bc=tween Any Two Switches 
All 
OFF 
O.SpFtyp 


POWER SUPPLY 


'DO 
All 
500~A max 
500~A max 
All Digital Inputs 
Low 


Iss 
All 
500#A 
max 
500~A max 


'00 
All 
800#A 
max 
800~A max 
All Digital Inputs 
High 
Iss 
All 
800~A 
max 
800#A 
max 


NOTES 


:~~:~~~c~f~~:t;~;:d~o~~~~O.\~!6~~~:~;~ion 
for _HOC to .8SoC. 
and SQ, SE vcrsions for -SSoC (O.12SoC. 


Spccifications 
subjcct 
to changc without 
noticc. 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(T A = + 25°Cunless otherwise noted) 


Voo 
to GND 
. 
VSS to GND 
. 
V Between 
Any Switch 
Terminals 
(see Note 
I) 


Digital 
Input 
Vollage 
Range 
. 
Overvollage 
at VOUT 
(Vs) 
. 
Switch 
Current 
(Is, COnlinuous 
One Channel) 


Switch Current 
(Is, Surge One Channel) 


Ims Duration, 
10% Duty 
Cycle 
Power Dissipation 
(Any Package) 


Up to + 75°C 
. . . . .. 


Derates 
above 
+ 75°C by 
. . . 


+17V 
-17V 
. 
25V 
Vooto 
GND 
Vss, Voo 


35mA 


Operating 
Temperature 
Commercial 
(KN 
Version) 


Industrial 
(KQ Version) 


Extended 
(SQ, 
SE Versions) 


Storage 
Temperature 
Lead 
Temperature 
(Soldering, 
10sec) 


CAUTION 
1. Do not apply voltages higher than Voo and V55 to any other terminal, 


especiallywhen Vss ~ Voo ~ OVallother pins should beatOV. 


2. The digital control inputs arc diode protected; however, permanent damage 


may occur on unconnected units under high energy electrostatic fields. Keep 
unused units in conductive foam at all times. 


o to +70·C 
- 25·C to + 85°C 


- 55°C to + 125°C 
- 65°C to + 150°C 
+ 300°C 


450mW 
6mWrC 


CAUTION: 
ESD 
(electrostatic 
discharge) 
sensitive 
device. 
The 
digital 
cOnlrol 
inputs 
are 
diode 
protected; 


however, 
permanent 
damage may occur on unconncctcd 
deviccs subject 
to high energy electro- 
static 
fields. 
Unused 
devices 
must 
be stored 
in conductive 
foam 
or shunls. 
The 
protective 
foam 


should 
be discharged 
to the destination 
socket 
before 
devices 
are inserted. 


WARNING! 
~ 
~~::: 


NOTES 
ITo order MIL-STD-883, 
Class B processed parts, add/883B to part number. 


See the Analog Devices' 1990 Military Databook for military data sheet. 
2E = Leadless Ceramic Chip Carrier; N = Narrow Plastic DIP; Q ~ 
Cerdip. 
For outline 
information 
see Package 
Information 
section. 


Temperature 
Package 


Model' 
Range 
Option' 


AD750IKN 
O°Cto + 70°C 
N-16 


AD750lKQ 
- 25°C to + 85°C 
Q-16 
AD7501SQ 
- 55°C to + 125°C 
Q-16 


AD750ISE 
- 55°C to + 125°C 
E-20A 


AD7502KN 
O°Cto + 70°C 
N-16 


AD7502KQ 
- 25°C to + 85°C 
Q-16 
AD7502SQ 
- 55°C to + 125°C 
Q-16 


AD7502SE 
- 55°C to + 125°C 
E-20A 


AD7503KN 
O°Cto + 70°C 
N-16 
AD7503KQ 
- 25°C to + 85°C 
Q-16 
AD7503SQ 
- 55°C to + 125°C 
Q-16 


AD7503SE 
- 55°C to + 125°C 
E-20A 


PIN 
CONFIGURATIONS 


DIP 


" 


1 . 
16 .. 


Y •• 


YDD 


AD7502 


TOP view 
INotto 
Se"e) 


A2 
.• 
AD7501. 
AD7503 


TOP 
VIEW 
INot 
to Scelel 


11 
Y~ 


51 
OUT 
5 
5-. 


16 
NC 
NC . 


15 
OUT 
58 , 


14 
52 
5' • 


AD7502 


TOP 
VIEW 


(Not 
to Selle) • 


flo",COJ 


TA 
•• ~25'C 


700 
/' 
..,/ 
..•••...., 
-- 
200 


..../ •••..•...• 


~1:rv 


f-- ..- 
Hi .•......•.•• 
- 
>0O 


VINH.V.,.lIVI 


U 
'-' 


"'00" .,5 .•. 
Va" 
-15V 


22 
Y •• 
- 


2.'•.•t-- ~~ 
1.' 
r-- 
,. 
u,. 
A015011(/"015015 
A07502I(/,,01102$ 


RoNCO! 


I 


700 
I 
- 
"'00" 
+15'" 


•••" 
••• 15V 


T~C 


200 - 


fA I. +2lioC1 
--- 
VI 


T.•.·-a-C 


'00 - 
I 
- 
I 


2. 
Digital 
Threshold 
Voltage 
(VINH• 
VINL) 


V•• L.VIN" 


J 


fA -'Owe 
-- 


1"00l'IVai 


~ - 
.•. 


AD7ti01K/A07501S 
AD75Cl2K1A07S02S 


loN·to" 


) 
." 


fA" +we 
VDO" 
+15'" 
Va" 
-15V 


.....•......... ~ 
I--. 


'o(",WI 


fi'olVool 


"DNA' 


I 


I 
,.. 
W 
1M 


Ilthl 


VI. Logic Frequency (5096 Duty 
Cycle) 


AD7S01 
["""- 


Voa 
G--1 
TILlDTL·TOoCMOS 
LEVEL TRANSLATOR 
I 


f+15V) 
I 
I 


GNOo-J 
DECODER/DRIVER 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


,~•• ,o-j~I 
I 
L 
__ 
J 


VOUT 
V2 
Vl 


SCOPE 
10MnnpF 


"=" 
~ 


.... ... • 


II 


Ij.lSIDIV 


V 
•••••••• 


15V1~'VI 
••••••••••••••• 
VOUT 
_ 
••••• 
,1. 


(O.5V1DIV) 
•• 
1111••••• 
•••••••• 
•••••••• 


WOEVICES 


I 


8- and 16-Channel Analog Multiplexers 


AD7506/AD7507 
I 


FEATURES 
RON: 300n 
Power Dissipation: 
1.5mW 
TTLJDTLJCMOS Direct Interface 
Break-Before-Make 
Switching 
Standard 28-Pin DIPs and 28-Terminal 
Surface Mount 
Packages 


GENERAL 
DESCRIPTION 
The AD7506 is a monolithic CMOS 16-channel analog multiplexer 
packaged in a 28-pin DIP or a 28-terminal surface mount package. 
It switches a common output to one of 16 inputs, depending on 
the state of four address lines and an "enable." 
The AD7507 is 


identical to the AD7506 except it has two outputs switched to 
two of 16 inputs depending on three binary address states and 
an "enable." 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(T A = + 25°C unless otherwise noted) 
Voo - GND 
. 
Vss - GND 
. 


V Between Any Switch Terminals (see Note I) 
Digital Input Voltage Range 
. 
Overvoltage at VOUT (Vs) 
. 
Switch Current (Is, Continuous One Channel) 
Switch Current (Is, Surge One Channel) 


Ims Duration, 
10% Duty Cycle 
Power Dissipation (Any Package) 
Up to + 50°C . . .... 
Derates above + 50°C by 
. 


Operating Temperature 
Commercial (KN Versions) 
Industrial (KQ Versions) 
. 


Extended (TQ, TE Versions) 


Storage Temperature 
Lead Temperature 
(Soldering, 
IOsec) 


CAUTION: 
IDo not apply 
voltage 
higher 
than 
Von 
and Vss to any other 
terminal, 
especially 


when V 55 = V DD = OV all other 
pins should 
be at OV. 


2Thedigital control inputs 3re diode protected; however, permanent damage may 
occur on unconnected unitSunder high energy elecrrosta[icfields. Keep unused 
units in conductive 
foam at all times. 


·Stresses 
above those listed under 
"Absolute 
Maximum Ratings" 
may 


cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicatecl in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. Only one Absolute Maximum Rating 
maybe applied at anyone time. 


+17V 
-17V 
. 
25V 
Vooto 
GND 
VSS, Voo 


20mA 


lOOOmW 
IOmWrC 


o to +70°C 


- 25°C to + 85°C 


- 55°C to + 125°C 
- 65°C to + 150°C 


+ 300°C 


r 
--l 


Voo 
~ 
TTL/OTL TO CMOSLEVEL TRANSLATOR I 


{+"VI 
I 


GNDo---I 
DECODER/DRIVER 
I 
'~'--4-~::~::::ALJ 


OUT 
Sl 
S16 


1.- 
-., 
(:;~~I~OTLfTTL TO CMOSLEVEL TRANSLATOR I 


_ I 
DECODER/DRIVER 
I 
GNDO-; 
I 


V 


ss Im 
i m' I 
(-16V)~ 
I 
I 
I 


L -1:--=1-{:-J- 
J 


OUT 
Sl 
sa 
59 
$16 
OUT 
1-8 
9·16 • 


Temperature 
Package 
Modell 
Range 
Option2 


AD7506KN 
O°Cto +70°C 
N-28 


AD7506KQ 
- 25°C to + 85°C 
Q-28 


AD7506TQ 
-55°C to + 125°C 
Q-28 


AD7506TE 
-55°C to + 125°C 
E-28A 


AD7507KN 
O°Cto +70°C 
N-28 


AD7507KQ 
-25°C to +85°C 
Q-28 
AD7507TQ 
- 55°C to + 125°C 
Q-28 


AD7507TE 
-55°C to + 125°C 
E-28A 


NOTES 
'To order MIL·STD-883, Class B, processed parts, add/883B to part num· 
ber. See Analog Devices Military Products Databook (1990) for military data 
sheet. 
'N = Plastic DIP; Q = Cerdip; E = Leadless Ceramic Chip Carrier (LCCC). 
For outline information see Package Information section. 


AD7506/AD7507 
- 
SPECIFICATIONS 
(Voo = +15V, Vss = -15V unless otherwise noted.) 


Over Specified 
Switch 
Temperature 
Parameter 
Version] 
Condition 
@ +25°C 
Range 
Test Conditions 


ANALOG SWITCH 
RoN 
K 
ON 
3000 typ, 4SOOmax 
SSOOmax 
Vs=-IOV 
to +lOV, Is=lmA 
T 
ON 
4000 max 
SooO max 


RoN vs. Vs 
All 
ON 
IS% typ 
Vs=OV, Is=lmA 
RoN vs. Temperature 
All 
ON 
O.S%"C typ 


IlRoN Between Switches 
All 
ON 
4% typ 


RoN vs. Temperature Between Switches All 
ON 
O.OS%"Ctyp 


Is (OFF) 
K 
OFF 
O.OSnAtyp, SnA max 
SOnAmax 
Vs--lOV, 
VouT-+lOV 


T 
OFF 
O.OSnAtyp, InA max 
SOnAmax 
and 


lOUT(OFF) 
AD7S06 
K 
OFF 
0.3nA typ, 20nA max 
SoonA max 
Vs=+lOV, 
VouT=-IOV 


T 
OFF 
0.3nA typ, 10nA max 
SoonA max 
"Enable" Low 


AD7S07 
K 
OFF 
O.3nA typ, lOnA max 
2S0nA max 
T 
OFF 
O.3nA typ, SnA max 
2S0nA max 


Iou,Is 
AD7S06 
K 
ON 
O.3nA typ, 20nA max 
SoonA max 
Vs=OV 


(Any Switch ON) 
T 
ON 
O.3nA typ, lOnA max 
SoonA max 


AD7S07 
K 
ON 
O.3nA typ, lOnA max 
2S0nA max 
T 
ON 
O.3nA typ, SnA max 
2S0nA max 


DIGITAL CONTROL 
V1NL 
All 
0.8V max 
V1NH 
All 
2.4V min 


IINLor IINH 
All 
lOfLAmax 
30fLAmax 


C1N 
All 
3pF typ 


DYNAMIC CHARACTERISTICS' 


(TRANSITION 
All 
700ns typ, looOns max 
V1N:0 to 3.0V 


IoPEN 
All 
lOOnstyp 


ioN (En) 
All 
l.SfLs max 
VEN:0 to 3.0V 


IoFF (En) 
All 
IfLSmax 


"OFF" 
Isolation 
All 
70dB typ 
VEN=O, RL=2000, CL=3.0pF, 
Vs=3.0V rms, f=SOkHz 


Cs 
All 
OFF 
SpF typ 


COUT 
AD7S06 
All 
OFF 
40pF typ 
AD7S07 
All 
OFF 
20pF typ 


CS-0UT 
All 
OFF 
O.SpF typ 


Css Between Any Two Switches 
All 
OFF 
O.SpF typ 


POWER SUPPLY 
IDD 
K 
OFF 
O.OSmAtyp, lmA max 
All Digital Inputs Low 
T 
OFF 
O.OSmAtyp, ImA max 2mA max 


Iss 
K 
OFF 
O.OSmAtyp, ImA max 
T 
OFF 
O.OSmAtyp, ImA max 2mA max 


IDD 
K 
ON 
0.3mA typ, ImA max 
All Digital Inputs High 
T 
ON 
0.3mA typ, ImA max 
2mA max 


Iss 
K 
ON 
O.OSmAtyp, ImA max 
T 
ON 
O.OSmAtyp, lmA max 2mA max 
NOTES 
'KN Version specified for 0 to +70"C; KQ Version for -25"C to +85"C; and TQ, TE Versions for -55"C to +125"C. 
2Sample 
tested 
to ensure 
compliance. 


Specifications 
subject 
to change 
without 
notice. 
CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


AD7506 


A, 
A, 
AI 
Ao 
E,; 
"ON" 


0 
0 
0 
0 
1 
1 


0 
0 
0 
1 
1 
2 
0 
0 
1 
0 
1 
I 
0 
0 
1 
1 
1 
4 
0 
1 
0 
0 
1 
5 
0 
1 
0 
1 
1 
6 
0 
1 
1 
0 
1 
7 
0 
1 
1 
1 
1 
8 
1 
0 
0 
0 
1 
9 


1 
0 
0 
1 
1 
10 


1 
0 
1 
0 
1 
11 


1 
0 
1 
1 
1 
12 
1 
1 
0 
0 
1 
13 


1 
1 
0 
1 
1 
14 
1 
1 
1 
0 
1 
15 
1 
1 
1 
1 
1 
16 


X 
X 
X 
X 
0 
None 


AD7507 


A, 
AI 
Ao 
E,; 
"ON" 


0 
0 
0 
1 
1 & 9 
0 
0 
1 
1 
2& 10 
0 
1 
0 
1 
1&11 
0 
1 
1 
1 
4& 12 
1 
0 
0 
1 
5 & 13 
1 
0 
1 
1 
6& 14 
1 
1 
0 
1 
7& 15 
1 
1 
1 
1 
8& 16 
X. 
X 
X 
0 
None 


PIN CONFIGURATIONS 


DIP 
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0 
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7 
AD1506 
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VIEW 
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z 
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VIEW 
INot10 
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1S'I 
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I 
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At Different Power Supplies 
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At Different Temperatures 


4. t,-RANSJfION VI. VIN 
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Vss" 
-15V 


\. 


Voa" 
+15V 
VIN" 
OV 
T:O~~c..,; 
+10V 


•.•.... - 
...... 


•..... 
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,/ 
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""7 


O.Slls/DIV 
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('OVIDIV) 


5, = -10V, 
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52 - 5,5 = OV, RL = 1K 
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O.Slls/DIV 


v 11-••••• 
(5V)~IVI 
_ 
• 
VOUT• 


(O.5V/DIV) 


AD751 ODI/AD7511 DI/AD7512DI 


FEATURES 
Latch-Proof 
Overvoltage·Proof: 
±25V 
Low RON:75fi 
Low Dissipation: 3mW 
TTLJCMOSDirect Interface 
Silicon-Nitride 
Passivated 
Monolithic 
Dielectrically-Isolated 
CMOS 
Standard 14-/16-Pin DIPs and 
20-Terminal Surface Mount Packages 


GENERAL 
DESCRIPTION 
The AD751ODI, AD7511DI and AD7512DI are a family of 
latch proof dielectrically isolated CMOS switches featuring over- 
voltage protection up to ± 25V above the power supplies. These 
benefits are obtained without sacrificing the low "ON" 
resistance 
(750) or low leakage current (500pA), the main features of an 
analog switch. 


The AD7510DI and AD7511DI consist of four independent 
SPST analog switches packaged in either a 16-pin DIP or a 20- 
terminal surface mount package. They differ only in that the 
digital control logic is inverted. The AD7512DI has two inde- 
pendent SPDT switches packaged either in a 14-pin DIP or a 
20-terminal surface mount package. 


Very low power dissipation, overvoltage protection and TILl 
CMOS direct interfacing are achieved by combining a unique 
circuit design and a dielectrically isolated CMOS process. Silicon 
nitride passivation ensures long term stability while monolithic 
construction 
provides reliability. 


CONTROL 
LOGIC 


AD7510DI: 
Switch "ON" for Address "HIGH" 


AD7511DI: 
Switch "ON" for Address "LOW" 


AD7512DI: 
Address "HIGH" 
makes SI to Out I and S3 to 
Out 2 


• 


Temperature 
Package 
Modell 
Range 
Option2 


AD7510DIKN 
Oto + 70°C 
N-16 
AD7510DIKP 
Oto + 70°C 
P-20A 
AD7510DIKQ 
- 25°C to + 85°C 
Q-16 
AD7510DISQ 
- 55°Cto + 125°C 
Q-16 
AD7510DISE 
- 55°Cto + 125°C 
E-2OA 


AD7511DIKN 
Oto + 70°C 
N-16 
AD7511DIKP 
Oto + 70°C 
P-20A 
AD751IDIKQ 
- 25°C to + 85°C 
Q-16 
AD751IDISQ 
- 55°C to + 125°C 
Q-16 
AD751IDITE 
- 55°Cto + 125°C 
E-20A 


AD7512DIKN 
Oto + 70°C 
N-14 
AD7512DIKP 
Oto + 70°C 
P-20A 
AD7512DIKQ 
- 25°C to + 85°C 
Q-14 
AD7512DITQ 
- 55°C to + 125°C 
Q-14 
AD7512DITE 
- 55°C to + 125°C 
E-2OA 


NOTES 
'To order MIL-STD-883, ClassB, processed parts, add/883B to 
part number. SeeAnalog Devices Military Products Databook (1990) 
for military data sheet. 
'E = LeadlessCeramicChipCarrier(LCCC);N 
= Plastic DIP; 


P = Plastic Leaded Chip Carrier (PLeC); Q = Cerdip. For outline information 
see Package Information section. 


AD751 ODI/AD7511 DI/AD7512DI-SPECIFICATIONS 


(VDD = +15V, Vss = -15V, 
unless otherwise noted.) 


INDUSTRIAL 
VERSION 
(K) 


PARAMETER 
MODEL 
VERSION 
+2S·C 
o to +70·C (N, P) 
TEST CONDITIONS 
(N,P,Q) 
-2S·C 
to +8S·C (Q) 


ANALOG SWITCH 
RON 
I 
All 
K 
75n 
typ, lOon 
rnax 
J75n 
rnax 
-JOV';; 
Vo ';;+JOV 
RON y, Vo (Vs) 
All 
K 
20% typ 
Ios = l.OrnA 


RON Drift 
All 
K 
+0.5%t"C typ 
RON Match 
All 
K 
J% typ 
Vo = 0, los 
= l.OrnA 
RoN Drift 
All 
K 
O.OJ%t"C typ 
Match 


10 (JS)OFF' 
All 
K 
0.5nA typ, 5nA rnax 
500nA rnax 
Vo = -JOV, Vs = +JOV and 
Vo = +JOV, Vs = -JOV 


10 (ls)ON' 
All 
K 
lOnA 
max 
Vs = Vo = +JOV 
Vs = Vo = -JOV 


loUT 
I 
AD75J2DI 
K 
lSnA 
max 
J500nA 
rnax 
VS1 = VOUT = ±IOV, VS2 = +!OV 
and VS2 = VOUT = ±JOV, VS1 = +JOV 


DIGITAL CONTROL 
VINL 
I 
All 
K 
0.8V rnax 
VINH 
I 
All 
2.4V 
min 


'1N 
All 
K 
7pF typ 


IINH 
I 
All 
K 
lOnA max 
VIN = Voo 
IINL, 
All 
K 
lOnA 
max 
VIN = 0 


DYNAMIC 
CHARACTERISTICS 
tON 
AD75JODI 
K 
I80n, 
typ 
AD751101 
K 
350n' 
typ 
VIN = 0 to +3.0V 
(OFF 
AD75IODI 
K 
350n' 
typ 
AD75IlO1 
K 
J80n, 
typ 
'TRANSITION 
AD7512DI 
K 
300n, typ 


Cs (Co)OFF 
All 
K 
8pF typ 
Cs (Co)ON 
All 
K 
J7pF typ 


Cos(CS-OUT) 
All 
K 
IpF typ 
Vo (Vs) = OV 


Coo (CSS) 
All 
K 
0.5pF 
typ 
COUT 
AD75I2DI 
K 
I7pF typ 


Om) 
All 
K 
30pC typ 
Measured at S or 0 terminal. 
~ 
= JOOOpF, VIN = 0 to 3V, 
Vo (Vs) = +!OV to -JOV 


POWER SUPPLY 
100 
I 
All 
K 
800!'Arnax 
800!'Arnax 
All digital inputs 
= VINH 
'ss I 
All 
K 
800!'A rnax 
800!'Arnax 


100 
I 
All 
K 
500llA rnax 
500llA rnax 
All digital inpu ts = VINL 
'ss I 
All 
K 
SOO!'Arnax 
SOO!'Arnax 


NOTES 


I 100% 
t~stcd. 


Sp(:cifications 
subject to change without 
notice. 


PARAMETER 
MODEL 
VERSION 
+2SoC 
-SSoC to +12SoC 
TEST CONDITIONS 


ANALOG SWITCH 


RON, 
All 
S, T 
lOon 
max 
17Sn 
max 
-IOV'; 
Vo .;; +IOV 


'os 
= ImA 


10 (lS)OFF 
1 
All 
S, T 
30A 
max 
200nA 
roax 
Vo = -IOV, Vs = +IOV and 
Vo = +IOV, Vs = -IOV 


10 (ls)ON' 
All 
S, T 
10 
Vs = Vo = +IOV and 
Vs = Vo = -IOV 


lOUT, 
AD7S12DI 
S, T 
9nA 
max 
600nA max 
VS1 = VOUT = ±IOV 
VS2 = +IOV and 
VS2 = VOUT = ±IOV 
VS1 = +JOV 


DIGITAL CONTROL 
VINL 
1 
All 
S, T 
0.8V max 


VINH1,2 
AD7510Dl 
S 
2.4V 
min 
AD75llDi 
T 
2.4V 
min 
AD7S12DI 
T 
2AV 
min 
AD75llDi 
S 
3.0V min 
AD7512DI 
S 
3.0V min 
• 


IINH: 
All 
S, T 
IOnA max 
VIN = Voo 
IINL 
All 
S, T 
lOnA 
max 
VIN = 0 


DYNAMIC 
CHARACTERISTICS 


toN 3 
AD7510DI 
S, 
l.OJ,.l.S max 
VIN = 0 to +3V 
AD751lDl 
S, T 
1.OlJ,s max 
toFF3 
AD7510DI 
S, T 
LOllS max 
AD7S1lDi 
S, T 
1.01ls max 
tTRANSITION3 
AD7512D1 
S, T 
LOllS max 


POWER SUPPLY 
loq 
1 
All 
S, T 
800llA max 
All 
digital 
inputs 
= VINH 
Iss 
All 
S, T 
800ilA max 


100 
All 
S, T 
500itA max 
All digital inputs = VINL 
I 
' 
All 
S, T 
500IlA max 
55 


NOTES 


1 100% tested. 
, A pultup resistor, typically 1·2kn is required to make AD7S11DISQ and AD1S120ISQ 
TTL compatible. 
1Guaranteed, 
not production 
tested. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS· 
VoDtoGND 
.... 
V ss to GND 
. . . . . 


Overvoltage 
at V D (V s) 
(I second 
surge) 


+17V 
-17V 


............... 
VDD 
+2SV 
orVss 
-2SV 


........... 
VDD +20V 
orVss 
-20V 
or 20mA, 
Whichever 
Occurs 
First 
Switch 
Current 
(IDS, Continuous) 
. . . . . . . . . . . . 
SOmA 
Switch 
Current 
(IDS, Surge) 
Ims 
Duration, 
10% Duty 
Cycle 
Digital 
Input 
Voltage 
Range 


Power 
Dissipation 
(Any Package) 
Up 
to + 7SoC 
. . . . . . 


Derates 
above 
+ 7SoC by 
... 


...... 
I SOmA 
OV to VDD +0.3V 


4S0mW 
6mWrC 


Lead 
Temperature 
(Soldering, 
1000c) 


Storage 
Temperature 
. 


Operating 
Temperature 
Commercial 
(KN, 
KP 
Versions) 


Industrial 
(KQ 
Versions) 
.... 
Extended 
(SQ, 
TQ, 
SE, TE 
Versions) 


+ 300°C 
-6SoC 
to 
+ ISO°C 


o to 
+70°C 
- 2SoC to 
+ 8SoC 
- SSoC to 
+ 12SoC 


·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods 
may affect device reliability. 


CAUTION 


ESD 
(electrostatic 
discharge) 
senSlUve 
device. 
The 
digital 
control 
inputs 
are 
diode 
protect- 
ed; 
however, 
permanent 
damage 
may 
occur 
on 
unconnected 
devices 
subject 
to 
high 
energy 
electrostatic 
fields. 
Unused 
devices 
must 
be stored 
in conductive 
foam 
or shunts. 
The 
protective 
foam should 
be discharged 
to the destination 
socket 
before 
devices 
are removed. 


CONT:6~ 
A 
INPUT 


lEVEL 
SHIFTERI 
DRIVER 


CIRCUIT DESCRIPTION 
CMOS devices make excellent analog switches; however, problems 
with overvoltage and latch-up phenomenon necessitated protection 
circuitry. These protection circuits, however, either caused 
degradation of important switch parameters such as RoN 
or leakage, or provided only limited protection in the event of 
overvoltage. 


The AD7SJODI series switches utilize a dielectrically isolated 
CMOS fabrication process to eliminate the four-layer substrate 
found in junction-isolated CMOS, thus providing latch-free 
operation. 


A typical switch channel is shown in Figure 2. The output 
switching element is comprised of device numbers 4 and S. 
Operation is as follows: for an "ON" switch, (in +) is Vnn and 
(in - ) is Vss from the driver circuits. Device numbers I and 2 
are "OFF" and number 3 in "ON". Hence, the backgates of the 
p- and N-channel output devices (numbers 4 and 5) are tied 
together and floating. The circled devices are located in separate 
dielectrically isolated pockets. Floating the output switch backgates 
with the signal input increases the effective threshold voltage for 
an applied analog signal, thus providing a flatter RONversus Vs 
response. 


For an "OFF" switch, device number 3 is "OFF," 
and the 
backgates of devices 4 and 5 are tied through Ikfi resistors (RI 
and R2) to the respective supply voltages through the "ON" 
devices I and 2. 


If a voltage is applied to the S or D (OUT) terminal which 
exceeds Vnn or Vss, the S- or D-to-backgate diode is forward 
biased; however, Rl and R2 provide current limiting action to 
the supplies. 


An equivalent circuit of the output switch element in Figure 3 
shows that, indeed, the lkfi limiting resistors are in series with 
the backgates of the P- and N-channel output devices - not in 
series with the signal path between the Sand D terminals. 


It is possible to turn on an "OFF" switch by applying a voltage 
in excess of Vnn or Vss to the S or D terminal. If a positive 
stress voltage is applied to the S or D terminal which exceeds 
Vnn by a threshold, then the P-channel (device 5) will turn on 
creating a low impedance path between the Sand D terminals. 
A similar situation exists for negative stress voltages which 
exceed Vss. In this case the N-channel provides the low impedance 
path between the Sand D terminals. The limiting factor on the 
overvoltage protection is the power dissipation of the package 
and is ±20V continuous (or 20mA whichever occurs first) above 
the supply voltages. 
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Figure 2. AD7510DI 
SeriesOutput Switch 
Diode Equivalent Circuit 


Typical Pertormance 
Characteristics-AD751 
ODl/AD7511D1/AD7512D1 


N 


300 
AD7S10DI 


250 
A07511DI 
~ 


AD7512DI 
~ 


TA •• +25°C 
- 


... 


•• v - 
150 - 


i:7.5V 
- 
.,2V 
100 


:115V 
50 


RoN In) 


300 


AD7510Dl 


250 
AD7511DI 
_ 
A07512DI 


200 
~~o:_;~~v 
_ 


150 


""'- 
fA" 
+l25°C 
100 


TA 
•• +2SoC 


50 
T. "I"·C 


I~'•.•, 


A()7S10DI. 
AD7511DI 


~~O_~5+J5~ 
- 
TA" +25°C_ 
- 
- 
-- 
....••.• 


500 


400 


300 


200 


100 
o 


-100 


-200 


-300 


-400 


-500 


-12 
-10 
-8 
-6 
...•• 
-2 


tTRANSITION 
(ns) 


AD7512DI 
~~:_;~~v_ 
\ 
TA ••• 25°C 
\. 


"'- 


OUT 1 TO 82 


""'-- 
OUT 1 TO $1 


-t 
• 


toN- 
toFF n. 


AD7510DI 


V1N 
•• 0 to 3.0V 
Voa •. +lSV 
Vss" 
-lSV - 


'oFF 
- 


'oN 


tTAANSITtON 
(ns' 


AD7512DI 
Voo 
•• +15V 
Vss" 
-1SV 
V1N 
•• 0 to +3.0V 
--- 
- 
-OUTltoSl 


I 


OUT 1 to S2 


-- 
--_. 
•• 
•••• 
•••••••••• 
•• 11.11.11••• 
••tlil. 
.•• 
.•1... I•. 
•••••••• 
I 
--------_. 


l~ 
. 


.. 


"' 
n 
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u· 
. 
.. 
.. 


.. 


1"1 
n 
it 
.. 
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Switching Waveforms for 
VS1= -10V, 
VS2 = +10V, RL = 1k 


Switching Waveforms for 
VS1and VS2 = OV, RL = co 


r-----' 
I 
-4-0vs, 


V'N o---f---C>- - 
I 


: 
L~VS2 
rt:;~ 


Vss 
GND 
voo 
(-'5V) 
(+'5V) 


AD751 ODI/AD7511 D1/AD7512D1 
I 


Switching Waveforms for 
VS1= +10V, 
VS2 = -10V, RL = co 
• 
------- 
••••• 
__Ill- 
1111•••• 
••• 
ft•• 
II.~III 
•••• 
_.__._.. 


Switching Waveforms for 
VS1and VS2 = Open, RL = 1k 


TERMINOLOGY 
RoN 
Ohmic resistance between terminals D and S. 


RoN Drift 
Difference between the RoN drift of any 
Match 
two switches. 


RoN Match 
Difference between the RoN of any two 
switches. 


VD(VS) 


CS(CD) 


Current at terminals D or S. This is a leakage 
current when the switch is "OFF". 


Leakage current that flows from the closed 
switch into the body. (This leakage will 
show up as the difference between the 
current ID going into the switch and the 
outgoing current Is.) 


Analog voltage on terminal D (S). 


Capacitance between terminal S(D) and 
ground. (This capacitance is specified 
for the switch open and closed.) 


Capacitance between terminals D and S. 
(This will determine the switch isolation 
over frequency.) 


V1NL 


V1NH 


IINLCIINH) 


C1N 


VDD 


Vss 
IDD 
Iss 


Capacitance between terminals D (S) of any 
two switches. (This will determine the cross 
coupling between switches vs. frequency.) 


Delay time between the 50% points of the 
digital input and switch "ON" condition. 


Delay time between the 50% points of the 
digital input and switch "OFF" 
condition. 


Delay time when switching from one address 
state to another. 


Maximum input voltage for a logic low. 


Minimum input voltage for a logic high. 


Input current of the digital input. 


Input capacitance to ground of the digital 
input. 


Most positive voltage supply. 


Most negative voltage supply. 


Positive supply current. 


Negative supply current. 


PIN CONFIGURATIONS 


LCCC 
LCCC 
PLCC 
PLCC 


0 
0 
:f 
;; 
z :f li ;; 
Q 
z 
li 
;; 
0 
" 
" 
0 
~ >'4 
~ 
;; 
Q 
z I ~;; § 
, 
2 
20 " 
, 
2 , 
2. " 
" 
" 
, 2 , 20 ,. 
, 2 , 2. ,. 
0 


" 
Al . 
'8 
.2 
Al . 
18 
52 
A' 
• 
'8 52 
Al 
• 
.. 
18 
.2 
A2 , 
AD7510Dl 
17 02 
NC , 
NC 
A2 , 
A0751 001 
17 02 
NC 
, 
17 
NC 
AD7511D1 
AD1S12DI 


A0751101 
A07512DI 
NC • 
TOP view 
" 


NC 
A2 • 
TOP VIEW 
S4 
NC 
• 
TOP VIEW 
16 
Ne 
A2 • 
TOP VIEW 
" 


S4 
INOTTOSCAlEI 
(Not to s.:.lel 


A' 
7 
INotto 
ScaleJ 
15 53 
NC 
, 
(Not to Salel 
15 
NC 
A' , 
" 


S> 
NC , 
15 
NC 


•• 
8 
14 03 
NC 
8 
,. 
OUT 
2 
A' 
8 
" 
0' 
NC 
8 
,. 
OUT 2 


• 
10 11 12 " 
• 
1011 
12 " 
• 
10 
11 
12 " 
• 
10 
11 
12 " 
li ~ ~ ~ .. 
li 
o 
" 
li 
l:l 
li ; li ~ : 
li ; li li 
l:l 
on 
:? z 


Ne 
'" NOCONNECT 
Ne 
'" 
NO 
CONNECT 
NC 
0; NO 
CONNECT 
Ne 
•• 
NO 
CONNECT 


Vss 
SI 
Vss 
SI 


01 
GNO 
OUT 1 


Al 
S2 
Al 
S2 


02 
54 


A3 
83 
NC 
OUT 2 


A4 
03 
NC 


NC 
54 
Voo 
NC 


Voo 
NC = NO CONNECT 


NC = NO CONNECT 


1IIIIIIII ANALOG 
WDEVICES 


I 


FEATURES 
SCR Latch-Proof 
Overvoltag.Proof: 
% 25V 
Low RoN:80fityp 
Buffered Switch Logic 
TTL,CMOS Compatible 
Monolithic Dlelectrlcally-lsolated CMOS 
Pin Compatible with AD7510DISerl•• 


GENERAL 
DESCRIPTION 
The AD7590DI, 
AD7591DI and AD7592DI are a family of 
protected (latch-proof) dielectrically isolated CMOS switches 
featuring overvoltage protection up to ±25V above the power 
supplies. Microprocessor interfacing is facilitated by the provision 
of on-ehip data latches. 


The AD7590DI and AD7591DI consist of four independent 
SPST analog switches packaged in a 16-pin DIP. They differ 
only in that the switch control logic is inverted. The AD7592DI 
has two independent 
SPDT switches packaged in a 14-pin DIP. 


01 CMOS 
Analog Switches with Data Latches 


AD7590DI/AD7591DI/AD7592DI 
I 


FUNCTIONAL 
BLOCK DIAGRAMS 


16-PinDIP 


• 


Sl 


OUll 


S2 


S4 


OUT2 


CONTROL 
LOGIC (WI[ HELD 
LOW) 
AD7590DI: 
Switch "ON" for Address "HIGH" 


AD7591DI: 
Switch "ON" for Address "LOW" 


AD7592DI: 
Address "HIGH" 
makes SI to Out 1 and S3 to 
Out 2 


ANALOGSWITCH 


Analog 
Signal Range 
All 
±10 
±10 
±10 
Volts 


RONI 
All 
60 
ntyp 
-IOV~Vs:S; 
+IOV,IDs=lmA; 
All 
90 
120 
150 
nmax 
Test Circuit 
1 
RON Match2 
All 
2 
ntyp 
Vs~O,Ios~ 
ImA 


RON Match 
Drift2 
All 
0.01 
nrCtyp 
Vs=O,Ios= 
ImA 


100FFI 
AD7590DI 
0.5 
nAtyp 
Test Circuit 2 
AD7591DI 
5 
50 
200 
nAmax 


IsOFFI 
All 
0.5 
nAtyp 
Test Circuits 2 &4 


5 
50 
200 
nAmax 


.Io(ls)ONI 
All 
0.5 
nAtyp 
Test Circuit 3 


5 
50 
200 
nAmax 


IOL:T 
I 
AD7592DI 
I 
nAtyp 
Test Circuit 4 


10 
100 
400 
nAmax 
Cs(Co) OFF' 
All 
10 
pFtyp 


Cs(Co)ON' 
All 
30 
pFtyp 
Cos (CS-OUT) 
All 
I 
pFtyp 
CDO(CSS)3 
All 
0.5 
pFtyp 


CoUT, 
AD7592DI 
40 
pFtyp 


DIGITAL CONTROL 
V1NL I 
All 
0.8 
0.8 
0.8 
Vrnax 
V1NH I 
All 
2.4 
2.4 
2.4 
Vrnin 


C1N, 
All 
7 
7 
7 
pFtyp 
IINLorIINH1, 
.• 
All 
I 
I 
1 
J.LAmax 
V1N=OorVOD 


DYNAMICCHARACTERISTICS 


tON 


2 
AD7590DI 
250 
380 
380 
nsmax 
Test Circuit 5 
AD7591DI 
400 
500 
500 
nsmax 


tOFF2 
AD7590DI 
400 
500 
500 
nsmax 
Test Circuit 
5 
AD759lDI 
250 
380 
380 
nsmax 


{TRANSITION 
2 
AD7592DI 
350 
450 
450 
nsmax 
Test Circuit 6 


Write Pulse-Width 
(tw0' 
All 
250 
300 
400 
nsmin 
See Figure I 


Address Setup Time (tAS)' 
All 
300 
300 
400 
nsmin 
See Figure I 


Address Hold Time (tAH)' 
All 
20 
30 
40 
nsmin 
See Figure I 


OffIsolation 
3 


(Aoalog Ioput to Aoalog Output) 
All 
-85 
dBtyp 
A, WR=0.8V;Vs= 
IOV(Pk-Pk); 


I 


f= lkHz,RL= 
IOkO 
Crosstalk3 


(Digital Input to Analog Output) 
All 
5 
mVpeak, 
typ 
RL= IMO,CL= 
15pF; 
VtNH=3V, VtNL=OV; 
~=tFALL=20ns; 
WRheldHIGH 


QtNJ3 


(Charge Injection) 
All 
55 
pCtyp 
Test Circuit 7 


POWER SUPPLY 
100 


I 
All 
I 
1.5 
2 
mAmax 
Digital Inputs = V1NL or V1NH 
Iss 


1 
All 
I 
I 
I 
mAmax 


NOTES 
1100% tested. 
lGuaranreed, 
not production 
tested. 
JrypicaJ values for information 
only, nor subjecr ro rest. 


'Inpursare 
MOS gates typical currenr less than IOnA. 


Specifications 
subjecr rochange wirhout notice. 


Figure 1 shows the timing sequence for latching the switch 
address inputs. The latches are level sensitive and, therefore, 
while WR is held low the latches are transparent and the switches 
respond to the address inputs. The digital inputs are latched on 
the rising edge of WR. 


NOTE: 
All digital input signals rise and fall times measured 
from 10% to 90% of 3V. tR= tF= 20n8. 


Al, A2. (A3, A41 3V~ 
'v- 
ov---1'---------1"'-- 


3V 
: 
l-tWR 
--: 
t •.H 
:-- 


WR OV--~,-~\~--~t----- 


I 
.---t"5_1 


ABSOLUTE 
MAXIMUM 
RATINGS· 
(T A = + 25"<: unless otherwise noted) 


VDD to GND 
. 
VSS to GND 
. 
Overvoltage at VDcYs), One Switch Only 
(!sec surge) 
. 


+17V 
-17V 


VDD +25V 
orVss -25V 
VDD +20V 
orVss -20V 
or 20mA, Whichever Occurs First 
Switch Current (IDs, Continuous) 
. 
50mA 
Switch Current (IDs, Surge) 
Ims Duration, 
10% Duty Cycle 
Digital Input Voltage Range 
Power Dissipation (Any Package) 
Up to + 75°C 
. 
Derates above + 75°C by 
Storage Temperature 
.. 
Operating Temperature 
Plastic (KN Versions) . 
Cerdip (BQ Versions) 
Cerdip (TQ Versions) . 


150mA 
-0.3V 
to VDD +O.3V 


· 
450mW 
· 
6mWrC 
- 65°C to + 150°C 


· .. 
Oto +70°C 
- 25°C to + 85°C 
- 55°C to + 125°C 


·Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage to the device. This is a stress rating only, and 
functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of this specification 
is not 
implied. 
Exposure 
to absolute maaimum 
rating oonditions 
for extended 
periods may affect device reliability. 


ORDERING 
GUIDE 


Temperature 
Package 
Modell 
Range 
Option2 


AD7590DIKN 
O°Cto + 70°C 
N-16 
AD7590DIKP 
O°Cto + 70°C 
P-20A 
AD7590DIBQ 
- 25°C to + 85°C 
Q-16 
AD7590DITQ 
- 55°Cto + 125°C 
Q-16 


AD7591DIKN 
O°Cto + 70°C 
N-16 
AD7591DIKP 
O°Cto + 70°C 
P-20A 
AD759IDIBQ 
- 25°C to + 85°C 
Q-16 
AD7591DITQ 
- 55°Cto + 125°C 
Q-16 


AD7592DIKN 
O°Cto + 70°C 
N-14 
AD7592DIKP 
O°Cto + 70°C 
P-20A 
AD7592DIBQ 
- 25°C to + 85°C 
Q-14 
AD7592DITQ 
- 55°Cto + 125°C 
Q-14 


NOTES 
'To order MIL-STD-883C, Class B processed parts, add /883B to part 
number. Refer to the Analog Devices Military Products Databook (1990) for 
military data sheet. 
'N ~ Narrow Plastic DIP; P ~ Plastic Leaded Chip Carrier Q = Cerdip.For 
Hermetic Surface Mount package, contact your local sales office. For outline 
information see Package Information section. 
• 


CAUTION: 
ESD (electrostatic 
discharge) 
sensmve 
device. The digital comrol 
inputs 
are diode protected; 
however, permanem 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive 
foam or shums. 
The protective 
foam 
should be discharged 
to the destination 
socket before devices are inserted. 


Ne = NO CONNECT 


LCCC 
0 :; 
PLCC 
0 


= 
5 
z 
" 
;;; 
Q 
z 
" 
;;; 
0 
0 
5 
" 
z 
" 
> 
z 
0 
z :; " '" 
0 
z :; " ;;; 
3 , , ,. ,. 
3 , , ,. 
19 
" 
z 
" 
z 
0 
3 
2 , 
20 " 
3 
2 , 
20 
19 
0 
0 


" 
" 
A' • 
18 52 
Al • 
18 $2 
A' • 
1852 
A' • 
" 
1852 
.. 
.. 
." 
AD7590Dl 
17 02 
NC, 
17 Ne 
., , 
AD7590D1 
17 02 
NC , 
17NC 
AD7591DI 
AD7592DI 
AD759101 
AD7592DI 
NC 
I 
TOP VIEW 
,. 
Ne ., I 
TOPvtEW 
'" 
54 
NC I 
TOP VIEW 
16 Ne "" 
TOP VIEW 
'" 
54 
(Not to Scale' 
INot to Scale, 
A37 
INo.to 
Sell'" 
1553 
NC 7 
(Not to Saile) 
'5 
NC 
A3 
7 
15 
53 
NC 
7 
15 
Ne 


Hee 
,,, 
OUT2 
.. • 
'4 
03 
NC 
I 
1" 
OUT2 


• ,." 
12 
13 
• ,. " 
12 
13 
• ,. " 
12 
13 
• ,. " 
12 
13 
I~ 
g " 
;!; 
;Ii 
He :: NOCONNECT 
I~ g " " :;; 
I~ 8 " 
;!; 
;Ii 
NC :: NO CONNECT 
g 
> 
z 
> 
z 
z 
I~ 
lE 
lE 
:;; 
> 
z 
> 


REV. A 
CMOS 
SWITCHES 
& MUL TJPLEXERS 
5-27 


LATCH 
AND 
LEVEL 
SHIFTERI 


DRIVER 
TTl 
CONTROL 
INPUTS 
ViR 


CIRCUIT DESCRIPTION 
CMOS devices make excellent analog switches; however, problems 
with overvoltage and latch-up phenomenon necessitated protection 
circuitry. 
These protection circuits, however, either caused 
degradation 
of important 
switch parameters such as RoN 
or leakage, or provided only limited protection in the event of 
overvoltage. 


The AD7590DI 
series switches utilize a dielectrically-isolated 
CMOS fabrication process to eliminate the four-layer substrate 
found in junction-isolated 
CMOS, thus providing latch-free 
operation. 


A typical switch channel is shown in Figure 2. The output 
switching element is comprised of device numbers 4 and 5. 
Operation 
is as follows: for an "ON" switch, (in + ) is VDD and 
(in - ) is Vss from the driver circuits. Device numbers 
1 and 2 
are "OFF' 
and number 
3 in "ON". 
Hence, the backgates of the 
P- and N-channel 
output devices (numbers 4 and 5) are tied 
together and floating. The circled devices are located in separate 
dielectrically isolated pockets. Floating the output switch backgates 
with the signal input increases the effective threshold voltage for 
an applied analog signal, thus providing a flatter RoN versus Vs 
response. 


For an "OFF' 
switch, device number 3 is "OFF," 
and the 
backgates of devices 4 and 5 are tied through 
lill 
resistors (Rl 
and R2) to the respective supply voltages through the "ON" 
devices 1 and 2. 


If a voltage is applied to the S or D (OUT) terminal which 
exceeds VDD or Vss, the S- or D-to-backgate 
diode is forward 
biased; however, Rl and R2 provide current limiting action to 
the supplies. 


An equivalent circuit of the output switch element in Figure 3 
shows that, indeed, the lkO limiting resistors are in series with 
the backgates of the P- and N-channel output devices - Dot in 
series with the signal path between the S and D terminals. 


It is possible to turn on an "OFF' 
switch by applying a voltage 
in excess of VDD or Vss to the S or D terminal. If a positive 
stress voltage is applied to the S or D terminal which exceeds 
VDD by a threshold, 
then the P-channel (device 5) will turn on 
creating a low impedance path between the S and D terminals. 
A similar situation exists for negative stress voltages which 
exceed Vss. In this case the N-channel provides the low impedance 
path between the S and D terminals. The limiting factor on the 
overvoltage protection is the power dissipation of the package 
and is :to 20V continuous 
(or 20mA whichever occurs first) above 
the supply voltages. 
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Figure 3. AD7590DI Series Output Switch Diode-Equivalent- 
Circuit 
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FEATURES 
34MHz Full Power Bandwidth 
±0.1dB Gain Flatness to SMHz 
72dB Crosstalk Rejection @ 10MHz 
0.03°/0.01% 
Differential PhaselGain 
Cascadable for Switch Matrices 
MIL-STD-SS3Compliant Versions Available 


APPLICATIONS 
Video Routing 
Medical Imaging 
Electro-Optics 
ECM Systems 
Radar Systems 
Data Acquisition 


GENERAL 
DESCRIPTION 
The AD9300 is a monolithic high-speed video signal multiplexer 
useable in a wide variety of applications. 


Its four channels of video input signals can be randomly switched 
at megahertz rates to the single output. 
In addition, multiple 
devices can be configured in either parallel or cascade arrangements 
to form switch matrices. This flexibility in using the AD9300 is 
possible because the output of the device is in a high-impedance 
state when the chip is not enabled; when the chip is enabled, 
the unit acts as a buffer with a high input impedance and low 
output impedance. 


An advanced bipolar process provides fast, wideband switching 
capabilities while maintaining crosstalk rejection of 72dB at 
IOMHz. Full power bandwidth is a minimum 27MHz. The 
device can be operated from:!: IOV to :!:l5V power supplies. 


4 X 1 Wideband 
Video Multiplexer 


AD9300 
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FUNCTIONAL 
BLOCK DIAGRAM 
(Based on Cerdip) 
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The AD9300K is available in a l6-pin ceramic DIP and a 20-pin 
PLCC and is designed to operate over the commercial temperature 
range of 0 to + 70°C. The AD9300TQ is a hermetic l6-pin 
ceramic DIP for military temperature 
range ( - 55°C to + 125°C) 
applications. This part is also available processed to MIL-STD- 
883. The AD9300 is available in a 20-pin LCC as the model 
AD9300TE, which operates over a temperature 
range of - 55°C 
to + 125°C. 


The AD9300 Video Multiplexer is available in versions compliant 
with MIL-STD-883. 
Refer to the Analog Devices Military 
Produ£/S 
Databook 
or current AD9300/883B data sheet for detailed 
specifications. 
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AD9300-SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS 
(±Ys = ±12Y ± 5%;Ct =1~;1lt. 
= 2kO,unlessolh8lWisenollld) 


COMMERCIAL 
O"Cto +70"C 
Test 
AD9300KQIKP 
Parameter (Conditions) 
Temp 
Level 
Min 
Typ 
Mu 
Units 


INPUT CHARACTERISTICS 
Input Offset Voltage 
+25OC 
I 
3 
10 
mV 
Input Offset Voltage 
Full 
VI 
14 
mV 
Input Offset Voltage Drif~ 
Full 
V 
75 
fJ-VrC 
Input Bias Current 
+ 25°C 
I 
IS 
37 
fJ-A 
Input Bias Current 
Full 
VI 
55 
fJ-A 
Input Resistance 
+25°C 
V 
3.0 
Mn 
Input Capacitance 
+ 25°C 
V 
2 
pF 
Input Noise Voltage (dc to 8MHz) 
+25OC 
V 
16 
fJ-Vrms 


TRANSFER 
CHARACTERISTICS 
VoitageGain3 
+25°C 
I 
0.990 
0.994 
VN 
VoitageGain3 
Full 
VI 
0.985 
VN 
DC Linearity' 
+ 25°C 
V 
0.01 
% 
Gain Tolerance (V IN = ± IV) 


dct05MHz 
+ 25°C 
I 
0.05 
0.1 
dB 
5MHzto 8MHz 
+ 25°C 
I 
0.1 
0.3 
dB 
Small-Signal Bandwidth 
+25OC 
V 
350 
MHz 


(VIN = lOOmVp-p) 


Full Power BandwidthS 
+ 25°C 
I 
27 
34 
MHz 


(VIN = 2Vp-p) 


Output Swing 
Full 
VI 
±2 
V 
Output Current (Sinking @ =25°C) 
+ 25°C 
V 
5 
mA 
Output Resistance 
+ 25°C 
IV,V 
9 
IS 
n 


DYNAMIC CHARACTERISTICS 
Slew Rate6 
+ 25°C 
I 
170 
215 
V/fJ-s 
Settling Time 
(toO.I%on 
±2VOutput) 
+ 25°C 
IV 
70 
100 
ns 
Overshoot 
ToT-Step7 
+ 25°C 
V 
<0.1 
% 


ToPulse8 
+ 25°C 
V 
<10 
% 


Differential Phase9 
+ 25°C 
IV 
0.03 
0.1 
° 


Differential Gain9 
+ 25°C 
IV 
0.01 
0.1 
% 
Crosstalk Rejection 
Three Channels 10 
+ 25°C 
IV 
68 
72 
dB 
OneChannelll 
+ 25°C 
IV 
70 
76 
dB 


SWITCHING CHARACTERISTICS 
12 
Ax Input to Channel HIGH Time 13 
+ 25°C 
I 
40 
50 
ns 
(tHIGI.) 


Ax Input to Channel LOW Timel' 
+ 25°C 
I 
35 
45 
ns 


(tLOW) 
Enable to Channel ON Timels 
+25°C 
I 
35 
45 
ns 


(ioN) 


Enable to Channel OFF Timel6 
+ 25°C 
I 
35 
45 
ns 


(IoFF) 
Switching Transientl7 
+ 25°C 
V 
60 
mV 


Tesl Level I 
Test Level" 
Test Level'" 
Test Level IV 
TeslLevel V 
Tesl Level VI 


- 
100% production 
tested. 


- 
100% production 
tested 
at + 25°C, and sample 
tested 
at specified 
temperatures. 
- 
Sample tesled only. 
- 
Parameter 
is guaranteed 
by design 
and (:haraClcrization 
testing. 
- 
Parameter 
is a typical 
value only. 


- 
All devices 
He 1000/0 production 
tested 
at + 25°C. 
100% production 
tested 
at temperature 
extremes 
for 
military 
temperature 
devices; 
sample 
tested 
at temperature 
extremes 
for commcrciaUindustrial 
devices. 


COMMERCIAL 
O"Cto +70"C 


Test 
AD9300KQIKP 


Parameter (Conditions) 
Temp 
Level 
Min 
Typ 
Max 
Units 


DIGITAL INPUTS 
Logic "I" Voltage 
Full 
VI 
2 
V 
Logic "0" Voltage 
Full 
VI 
0.8 
V 
Logic "1" Current 
Full 
VI 
S 
!LA 
Logic "0" Current 
Full 
VI 
1 
!LA 


POWER SUPPLY 
Positive Supply Current ( + 12V) 
+2SoC 
I 
13 
16 
mA 
Positive Supply Current ( + 12V) 
Full 
VI 
13 
16 
mA 
Negative Supply Current ( -12V) 
+2SoC 
I 
12.5 
IS 
mA 
Negative Supply Current ( -I2V) 
Full 
VI 
12.S 
16 
mA 
Power Supply Rejection Ratio 
Full 
VI 
67 
7S 
dB 
(±Vs 
= ± 12V ± S%) 
Power Dissipation (± 12V)!8 
+2SoC 
V 
306 
mW 


NOTES 
Ipermancnt damage may occur if any ODeabsolute maximum rating is exceeded. Functional operation is not implied, 
and device reliability may be impaired by exposure to higher-than-recommended 
voltages for extended periods of time. 
2Mcasured at extremes of temperature range. 
JMeasured as slope of VOUT versus VIN with V1N = ± IV. 
4Measured 
as worst 
deviation 
from 
end-point 
fit with 
V1N 
= ± IV. 


'Full 
Power 
Bandwith 
(FPBW) 
based 
on Slew Rate 
(SR). 
FPBW 
= SRl2-rrV PEAK 


6Measured between 20% and 80% transition points of ± IV output. 
7T-Step = Sin2X Step, when Step between OVand + 700mV 
points has 10%-t0-90% risetime = 1250s. 


8Measured with a pulse input having slew rate >2S0V/~s. 
'Measured 
at output 
between 
O.28Vde 
and 
I.OVde 
with 
V'N = 284mV 
p-p 
at 3.S8MHz 
and 
4.43MHz. 


ID-rhisspecification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and lOMHz 2V p-p signal 
applied to remaining three channels. If selected channel is grounded through 7S0, value is approximately 6dB higher. 
IIThis specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and lOMHz 2V p-p signal 
applied to one other channel. If selected channel is grounded through 7S0, value is approximately 6dB higher. Minimum specification in ( ) applies to DIPs. 


12Consult system timing diagram. 
13Measured from address change to 90% point of -2V 
to +2V output LOW-to-HIGH 
transition. 
I·Measured from address change to 90% point of + 2V to - 2V output HIGH-to-LOW 
transition. 
ISMeasured from 50% transition point of ENABLE input 
[Q 90% transition of OV [Q 
- 2V and OV to + 2V output. 


16Measured from 500!o transition point of ENABLE input to 10% transition of + 2V to OV and - 2V to OVoutput. 
17Measured while switching between two grounded channels. 
IIMaximum power dissipation is a package-dependent parameter related to the following typical thermal impedances: 
16-Pin 
Ceramic 
alA 
~ 87'C!W; ale 
~ 
2S'C!W 
2o-Pin 
LCC 
alA = 74'C!W; alC = 
1O'C!W 
20·Pin 
PLCC 
alA = 71'C!W; 
alc = 26'C!W 


Specifications subject to change without notice. 


Output Current 
Sinking 
. 
Sourcing 
. 
Operating Temperature Range 
AD9300KQ/KP 
. . . . . 


Storage Temperature 
Range 
Junction Temperature. 
Lead Soldering (iOsec) 


Supply Voltages (± Vs) 
..... 
Analog Input Voltage Each Input 
(IN! thru IN.) 
. 


Differential Voltage Between Any Two 
Inputs (IN 1 thru IN.) 
. 
Digital Input Voltages (Ao, A" ENABLE) 
. . SV 
- O.SV to + S.5V 


Temperature 
Package 
Device 
Range 
Description 
Option1 


AD9300KQ 
Oto + 70°C 
16-Pin Cerdip, Commercial 
Q-I6 
AD9300TEl883B2 
- SsoCto + 12SoC 
2o-Pin LCC, Military Temperature 
E-20A 
AD9300TQ/883B2 
- SsoCto + 12SoC 
16-Pin Cerdip, Military Temperature 
Q-I6 
AD9300KP 
Oro + 70°C 
2o-Pin PLCC, Commercial 
P-20A 


NOTES 
'E = Ceramic 
Leadless 
Chip Carrier; 
P ~ Plastic 
Leaded 
Chip Carrier; 
Q = Cerdip. 
Foroutline 
information see Package Information section. 
'For 
specifications, 
refer to Analog 
Devices 
Military Prodw:ts Da14book. 
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6.0mA 
6.0mA 


OOCto + 70"C 
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Die Dimensions 
Pad Dimensions 
Metalization 
. . 
Backing 
. . . . 
Substrate Potential 
Passivation 
Die Attach 
Bond Wire 


Four analog input channels. 
Analog input shielding grounds, not internally connected. Connect each to 
external low-impedance ground as close to device as possible. 
One of two TTL decode control lines required for channel selection. See 
Logic Truth Table. 
One of two TTL decode control lines required for channel selection. See 
Logic Truth Table. 
TTL-compatible 
chip enable. In enabled mode (logic HIGH), output signal 
tracks selected input channel; in disabled mode (logic LOW), output is high 
impedance and no signal appears at output. 
Negative supply voltage; nominally - 10Vde to - 15Vde. 
Positive supply voltage; nominally + 10Vde to + 15Vde. 
Analog output. Tracks selected input channel when enabled. 
Bypass terminal for internal bias line; must be decoupled externally 
to ground through O.I",F capacitor. 
Analog signal and power supply ground return. 


84 x 104x 18 (max) mils 
4 x 4 (min) mils 
Aluminum 
None 


... 
-Vs 
Oxynitride 
Gold Eutectic 
1.25 mil, Aluminum; 
Ultrasonic Bonding 
or I mil, Gold; Gold Ball Bonding 
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THEORY OF OPERATION 
Refer to the functional block diagram of the AD9300. 


As shown on the drawing, this diagram is based on the pinouts 
of the DIP packaging of the models AD9300KQ and AD9300TQ. 
The AD9300KP and AD9300TE are packaged in 20-pin surface 
mount packages. The extra pins are used for ground connections; 
the theory of operation remains the same. 


The AD9300 Video Multiplexer allows the user to connect any 
one of four analog input channels (IN 1 - IN.) to the output of 
the device, and to switch between channels at megahertz rates. 


The input channel which is connected to the output is determined 
by a 2-bit TTL digital code applied to Ao and AI. The selected 
input will not appear at the output unless a digital "I" is also' 
applied to the ENABLE input pin; unless the output is enabled, 
it is a high impedance. Necessary combinations to accomplish 
channel selection are shown in the Logic Truth Table. 


Bipolar construction used in the AD9300 insures that the input 
impedance of the device remains high, and will not vary with 
power supply voltages. This characteristic makes the AD9300, 
in effect, a switchable-input buffer. An on-board bias network 
makes the performance of the AD9300 independent of applied 
supply voltages, which can have any nominal value from ± JOV 
dc to ± 15V dc. 


Although the primary application for the AD9300 is the routing 
of video signals, the harmonic and dynamic attributes of the 
device make it appropriate for other applications. The AD9300 
has exceptional performance when switching video signals, but 
can also be used for switching other analog signals requiring 
greater dynamic range and/or precision than those in video. 


As shown in Figure I, Input and Output Equivalent Circuits, 
each analog input is connected to the base of a bipolar transistor. 
If Channel I is selected, a current switch is closed and routes 
current through the input transistor for Channell. 


If Channel 2 is then selected by the digital inputs, the current 
switch for Channel I is opened and the current switch for Channel 
2 is closed. This causes current to be routed away from the 
Channel 1 transistor and into the Channel 2 input transistor. 
Whenever a channel's input device is carrying current, the 
analog input applied to that channel is passed to the output 
stage. 


The operation of the output stage is similar to that of the input 
stages. Whenever the output stage is enabled with a HIGH 
digital "I" signal at the ENABLE pin, the output transistor will 
carry current and pass the selected analog input. 


• 


CHANNEL 
{ __ 
SELECTION 
lAoANDA,) 
_ 


ENABLE 
{-- 
1""'0,"0"1 
_ 


When the output stage is disabled (by virtue of the ENABLE 
pin being driven LOW with a digital "0"), the output current 
switch is opened. This routes the current to other circuits within 
the AD9300 which keep the output transistor biased "off'. 
These circuits require approximately IIJ.Aof bias current from 
the load connected to the output of the multiplexer. In the 
absence of a terminating load and the resulting dc bias, the 
output of the AD9300 "floats" at - 2.5V. 


In summary, when the AD9300 is enabled by the ENABLE pin 
being driven HIGH with a digital" I", the selected analog input 
channel acts as a buffer for the input; and the output of the 
multiplexer is a low impedance. When the AD9300 is disabled 
with a digital "0" LOW signal, the selected channel acts as an 
open switch for the input; and the output of the unit becomes a 
high impedance. This characteristic allows the user to wire-or 
several AD9300 Analog Multiplexers together to form switch 
matrices. 


AD9300 APPLICATIONS 
To ensure optimum performance from circuits using the AD9300, 
it is important 
to follow a few basic rules which apply to all 
high-speed devices. 


A large, low-impedance ground plane under the AD9300 is 
critical. Generally, GROUND 
and GROUND 
RETURN 
con- 
nections should be connected solidly to this plane. GROUND 
pin connections are signal isolation grounds which are not con- 
nected internally; they can be left unconnected, 
but there may 
be some degradation in crosstalk rejection. GROUND RETURN, 
on the other hand, serves as the internal ground reference for 
the AD9300 and should be connected to the ground plane without 
exception. 


ANALOG 
{ 
: 
::: 
AD9300 
INPUTS 
IS 
IN) 


8 
IN.• 


DIGITAL { 
10 
A, 
INPUTS 
11-'<. 


12 
ENABLE 


The output stage of the unit is capable of driving a 2knillOpF 
load. Larger capacative loads may limit full power bandwidth 
and increase tOFF (the interval between the 50% point of the 
ENABLE high-to-low transition and the instant the output 
becomes a high impedance.) 


For applications such as driving cables (See Figure 2), output 
buffers are recommended. 


It is recommended 
that the AD9300 be soldered directly into 
circuit boards, rather than using socket assemblies. If sockets 
must be used, individual pin sockets are the preferred choice, 
rather than a socket assembly. A second requirement 
for proper 
high-speed design involves decoupling the power supply and 
internal bias supply lines from ground to improve noise immunity. 
Chip capacitors are recommended 
for connecting O.I•.•.F and 
O.OI•.•.F capacitors between ground and the ±Vs supplies 
(Pins 9 and 14), and the BYPASS connection (Pin 15). 


Figure 2. 4x 1 AD9300 Multiplexer 
with 
Buffered 
Output 
Driving 75fl Coaxial Cable 
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Figure 6. Test Circuit for Harmonic Distortion, Pulse 
Response, T-Step Response and Disable Characteristics 
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CROSSPOINT 
CIRCUIT APPLICATIONS 
Four A09300 multiplexers can be used to implement an 8 x 2 
crosspoint, as shown in Figure 11. The circuit is modular in 
concept, with each pair of multiplexers (#1 and #2; #3 and 
#4) forming an 8 x I crosspoint. When the inputs to all four 
units are connected as shown, the result is an 8 x 2 crosspoint 
circuit .. 
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Figure 
11. 8 x 2 Signal 
Crosspoint 
Using Four AD9300 


Multiplexers 


The truth table describes the relationships among the digital 
inputs (00 - Os) and the analog inputs (81 - 88); and which 
signal input is selected at the outputs (OUT, and OUT2). 
The 
number of crosspoint modules that can be connected in parallel 
is limited by the drive capabilities of the input signal sources. 
High input impedance (3Mn) and low input capacitance (2pF) 
of the A09300 help minimize this limitation. 
• 


D2 
D. 
Do 
OUT. 
or 
or 
or 
or 
Ds 
D. 
D) 
OUT2 
0 
0 
0 
8, 
0 
0 
I 
82 


0 
I 
0 
8) 
0 
I 
I 
8. 
I 
0 
0 
85 


I 
0 
I 
86 


I 
I 
0 
87 


I 
I 
I 
88 


Adding to the number of inputs applied to each crosspoint 
module is simply a matter of adding A09300 multiplexers in 
parallel to the module. Eight devices connected in parallel result 
in a 32 x I crosspoint which can be used with input signals 
having 30MHz bandwidth and IV peak-to-peak amplitude. 
Even more A09300 units can be added if input signal amplitude 
and/or bandwidth are reduced; if they are not, distortion of the 
output signals can result. 


When an A09300 is enabled, its low output impedance causes 
the "off' 
isolation of disabled parallel devices to be greater than 
the crosstalk rejection of a single unit. 
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I 
FEATURES 
256 Switches in a 16 x 16 Array 
Wide Signal Range: to Supply Rails of 24 V or ±12 V 
Low On-Resistance: 200 n typ 
TTLlCMOS/Microprocessor-Compatible 
Control Lines 
Serial Input Simplifies Interface 
Serial Output Allows Cascading for More Channels 
Low Power Consumption: 
2 mW Quiescent 
Compact 44-Pin Package 


PRODUCT 
DESCRIPTION 
The AD75019 contains 256 analog switches in a 16 x 16 array. 
Any of the X or Y pins may serve as an input or output. Any or 
all of the X terminals may be programmed 
to connect to any or 
all of the Y terminals. The switches can accommodate signals 
with amplitudes up to the supply rails and have a typical on- 
resistance of 150 fi. 


Data is loaded serially via the SIN input and clocked into an 
on-board 256-bit shift register via SCLK. When all the switch 
settings have been programmed, 
data is transferred into a set of 
256 latches via PCLK. The serial shift register is dynamic, so 
there is a minimum clock rate of 20 kHz. The maximum clock 
rate of 5 MHz allows loading times as short as 52 fLS. The 
switch control latches are static and will hold their data as long 
as power is applied. 


16 X 16 Crosspoint 
Switch Array 


AD75019 
I 


• 


16 x 16 ARRAY 
OF 
SWITCHES. 


LATCHES, 
AND 
SHIFT 
REGISTER 
CELLS (ONLY TWO lOCATIONS 


ARE 
SHOWN 
FOR 
CLARITY) 


To extend the number of switches in the array, you may cascade 
multiple AD750l9s. 
The SOUT output is the end of the shift 
register, and may be connected to the SIN input of the next 
AD750l9. 


The AD75019 is fabricated in Analog Devices' BiMOS II pro- 
cess. This epitaxial BiCMOS process features CMOS devices for 
low-distortion switches and bipolar devices for ESD protection. 


AD7S019 
Symbol 
Min 
Typ 
Max 
Units 


MULTIPLEXER 
Input Signal Range 
VIN 
Vss - 0.5 
Voo + 0.5 
V 
Switch ON Resistance, 
Voo & Vss = ±12 V, VSIGNAL= ±12 V 
RoN 
150 
300 
° 
Switch ON Resistance, 
V00 & Vss = ± 5 V, VSIGNAL= ± 5 V 
RoN 
300 
500 
° 
Switch ON Resistance Matching 
2, VSIGNAL= ± 12 V 
<l.RoN 
20 
30 
° 
Leakage Current, 
VSIGNAL= ± 10 V 
2 
10 
nA 
Input/Output 
Capacitance 
C1N 
25 
pF 
Isolation Between Any Two Channels 
Rs = 600 0, RL = 10 kO, VSIGNAL= 2 V Jrp 
fSIGNAL= I kHz 
92 
dB 
fSIGNAL= 20 kHz 
69 
dB 
fSIGNAL= I MHz 
38 
dB 
Total Harmonic 
Distortion 
Rs = 600 0, RL = 10 kO, VSIGNAL= 2 V Jrp 
0.01 
% 
Switch Frequency 
Response, 
- 
3 dB 
Rs = 600 0, RL = 10 kO, VSIGNAL= 2 V Jrp 
20 
MHz 
Propagation 
Delay 
4 
8 
ns 
DIGITAL 
INPUTS 
(SIN, SCLK, PCLK) 
Logic Levels (TTL Compatible) 
Input Voltage, Logic "I" 
VIH 
2.4 
5.5 
V 
Input Voltage, Logic "0" 
VIL 
0 
0.8 
V 
Input Current, 
VIH = 5.5 V 
IIH 
±I 
IJoA 
Input Current, 
VIL = 0.8 V 
IlL 
±I 
IJoA 
Input Capacitance 
CIN 
10 
pF 


DIGITAL 
OUTPUT 
(SOUT) 
Logic Levels (TTL Compatible) 
Output 
Voltage, Logic "1" 
VOH 
2.8 
V 
Output 
Voltage, Logic "0" 
VOL 
0.4 
V 
Output 
Current, 
VOH = 2.8 V 
IOH 
3.2 
.,.A 


Output 
Current, 
VOL = 0.4 V 
IOL 
3.2 
IJoA 
POWER 
SUPPLY 
REQUIREMENTS 
Voltage Range, Total Analog 
Voo-Vss 
9.0 
25.2 
V 
Voltage Range, Positive Analog 
Voo - VDGND 
(Vcc - 0.5) 
25.2 
V 
Voltage Range, Negative Analog 
Vss - VDGNO 
-20.7 
0 
V 
Voltage Range, Digital 
Vcc - 
VDGND 
4.5 
5 
5.5 
V 
Supply Current, 
SCLK 
~ 5 MHz, 
Ioo,Iss 
±I 
mA 
VIL = 0.8 V, VIH = 2.4 V 
Ice 
500 
IJoA 
Supply Current, 
Quiescent, 
Ioo,Iss 
- 
±400 
IJoA 
VIL = 0.8 V, VIH = 2.4 V 
Icc 
- 
100 
.,.A 


TEMPERATURE 
RANGE 
Operating 
Tmin, Tmax 
-25 
+85 
'C 
Storage 
-65 
+150 
°C 


NOTES 
IAU minimum and maximum specifications are guaranteed, 
and specifications shown in boldface are tested on all production 
units at final electrical test. Results from those tests are 
used to calculate outgoing quality levels. 
2Switch resistance matching is measured with zero volts at each analog input and refers to the difference between the maximum and minimum values. 
Specifications subject to change without notice. 
PIN DESCRIPTION 


Pin 
Name 
Description 
Pin 
Name 
Description 
I 
PCLK 
Parallel Clock Input 
23 
X8 
Analog Input (or Output) 
2 
SCLK 
Serial Clock Input 
24 
X9 
Analog Input (or Output) 
3 
SIN 
Serial Data Input 
25 
XIO 
Analog Input (or Output) 
4 
Vss 
Negative Analog Power Supply 
26 
XII 
Analog Input (or Output) 
5 
NC 
No Internal 
Connection 
27 
XI2 
Analog Input (or Output) 
6 
NC 
No Internal 
Connection 
28 
XI3 
Analog Input (or Output) 
7 
YI5 
Analog Output 
(or Input) 
29 
XI4 
Analog Input (or Output) 
8 
YI4 
Analog Output 
(or Input) 
30 
XIS 
Analog Input (or Output) 
9 
YI3 
Analog Output 
(or Input) 
31 
YO 
Analog Output 
(or Input) 
10 
YI2 
Analog Output 
(or Input) 
32 
YI 
Analog Output 
(or Input) 
11 
YII 
Analog Output 
(or Input) 
33 
Y2 
Analog Output 
(or Input) 
12 
YIO 
Analog Output 
(or Input) 
34 
Y3 
Analog Output 
(or Input) 
13 
Y9 
Analog Output 
(or Input) 
35 
Y4 
Analog Output 
(or Input) 
14 
Y8 
Analog Output 
(or Input) 
36 
Y5 
Analoll Output 
(or Input) 
IS 
XO 
Analog Input (or Output) 
37 
Y6 
Analog Output 
(or Input) 
16 
XI 
Analog Input (or Output) 
38 
Y7 
Analog Output 
(or Input) 
17 
X2 
Analog Input (or Output) 
39 
NC 
No Internal 
Connection 
18 
X3 
Analog 
Input 
(or Output) 
40 
NC 
No Internal 
Connection 
19 
X4 
Analog Input (or Output) 
41 
Voo 
Positive Analog Power Supply 
20 
X5 
Analog Input (or Output) 
42 
Vcc 
Digital Power Supply 
21 
X6 
Analog Input 
(or Output) 
43 
DGND 
Digital Ground 
22 
X7 
Analog Input (or Output) 
44 
SOUT 
Serial Data Output: 
Positive True 


5-40 
CMOS 
SWITCHES 
& MUL TlPLEXERS 


NC 


Y7 


Y6 


Y5 


Y4 


Y3 


Y2 


Yl 


1 
YO 


X15 


X14 


AD75019 
TOP VIEW 
(Not 
To Scale) 


18 18 
4 
5 


1lll:1l)(~~~;C 


NC = NO CONNECT 


TIMING CHARACTERISTICS1 
(TA= Tml• to Tmu• rated power supplies unless otherwise noted) 


Parameter 
Symbol 
Value 
Units 
Condition 


Data Setup Time 
t1 
0 
ns 
min 


SCLK Pulse Width 
t2 
100 
ns 
min 


Data Hold Time 
t3 
10 
ns 
min 


SCLK Pulse Separation 
t. 
100 
ns 
min 


SCLK to PCLK Delay 
t, 
65 
ns 
min 


SCLK to PCLK Delay and Release 
(t, + 1,;) 
5 
ms 
max 
PCLK Pulse Width 
I,; 
65 
ns 
min 
Propagation Delay, PCLK to Switches On or Off 
- 
70 
ns 
max 


Data Load Time 
- 
52 
I1S 
SCLK = 5 MHz 
SCLK Frequency 
- 
20 
kHz 
min 
SCLK, PCLK Rise and Fall Times 
- 
I 
I1S 
max 


NOTES 
'Timing measurement reference level is 1.5 V. 
Specifications subject to change without notice. 


1 = CLOSE 


SIN 


O=OPEN 


__ 
LOAD 
DATA 
INTO __ 
SERIAL 
REGISTER 
DURING 
RISING 
EDGE 
• 


Control Lines 
PCLK 
SCLK 
SIN 
SOUT 


I 
0 
X 
X 


I 
I 
Data, 
Datai_256 


0 
X 
X 
X 


OPERATION 
TRUTH 
TABLE 


Operation! 
Comment 


No operation. 


The data on the SIN line is loaded into the serial register; data 
clocked into the serial register 256 clocks ago appears at the 
SOUT output. 


Data in the serial shift register transfers into the parallel latches 
which control the switch array. 


APPLICATIONS 
INFORMATION 
Loading Data 
Data to control the switches is clocked serially into a 256-bit 
shift register and then transferred 
in parallel to 256 bits of mem- 


ory. The rising edge of SCLK, the serial clock input, loads data 
into the shift register. The first bit loaded via SIN, the serial 
data input, controls the switch at the intersection of row YI5 
and column X15. The next bits control the remaining columns 
(down to XO) of row YI5, and are followed by the bits for row 
Y14, and so on down to the data for the switch at the intersec- 
tion of row YOand column XO. The shift register is dynamic, so 
there is a minimum clock rate, specified as 20 kHz. 


After the shift register is filled with the new 256 bits of control 
data, PCLK is activated (pulsed low) to transfer the data to the 
parallel latches. Since the shift register is dynamic, there is a 
maximum time delay specified before the data is lost: PCLK 
must be activated and brought back high within 5 ms after fill- 
ing the shift register. The switch control latches are static and 
will hold their data as long as power is applied. 


To extend the number of switches in the array, you may cascade 
multiple AD75019s. The SOUT output is the end of the shift 
register, and may be direcdy connected to the SIN input of the 
next AD75019. 


Power Supply Sequencing 
and Bypassing 
All junction-isolated 
parts operating on multiple power supplies 


require proper attention to supply sequencing. 
Because BiMOS 
II is a junction-isolated 
process, parasitic qiodes exist between 
Voo and Vee, and between Vss and DGND. 
As a result, Voo 


must always be greater than (Vee - 0.5 V), and Vss must al- 
ways be less than (DGND + 0.5 V). 


If you can't ensure that system power supplies will sequence to 
meet these conditions, external Schottky (e.g., IN5818) or sili- 
con (e.g., IN400I) diodes may be used. To protect the positive 
side, the anode would connect to Vee (Pin 42) and the cathode 
to Voo (Pin 41). For the negative side, connect the anode to 
Vss (Pin 4) and the cathode to DGND (Pin 43). 


Each of the three power supply pins [Voo (Pin 41), Vcc 
(Pin 42) and Vss (Pin 4») should be bypassed to DGND (Pin 
43) through a 0.1 I1F ceramic capacitor located close to the 
package pins. 


Transistor 
Count 
AD75019 contains 5,472 transistors. 
This number may be used 
for calculating projected reliability. 


Min 
Max 
Units 
Conditions 


Vnn to DGND 
-0.5 
+25.2 
V 
Vss to DGND 
-25.2 
+0.5 
V 
Vcc to DGND 
-0.5 
+5.5 
V 
Vnn to Vss 
-0.5 
+25.2 
V 
Vcc to Vss 
-0.5 
+25.2 
V 
Digital Inputs to DGND 
-0.3 
Vcc +0.5 
V 
Power Dissipation 
1.0 
W 
TA S 75°C 
Operating Temperature 
Range 
0 
+70 
°C 
Storage Temperature 
-65 
+150 
°C 
Lead Temperature 
+300 
°C 
Soldering, 10 sec 


*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional operation of the 
device at these or any other conditions above those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are Zener protected; 


however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 


static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


Model 


AD750l9JP 


Temperature Range 


O°Cto +70°C 


Package Option* 


P-44A 
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FEATURES 
44V 
Supply 
Maximum 
Rating 
±15V Analog 
Signal 
Range 
Low 
RON 160n) 
Low 
Leakage 
10.5nA) 
Break 
Before 
Make 
Switching 
Extended 
Plastic 
Temperature 
Range 
1-40"<: to +85"<:) 
Low 
Power 
Dissipation 
133mW) 
Available 
in 16-Lead 
DIPI SOIC 
and 
20-Lead 
PLCC/LCCC 
Packages 
Superior 
Second 
Source: 
ADG201A 
Replaces 
DG201A, 
HI-201 
ADG202A 
Replaces 
DG202 


GENERAL DESCRIPTION 
The ADG20lA 
and ADG202A are monolithic CMOS devices 
comprising four independently 
selectable switches. They are 
designed on an enhanced LC2MOS process which gives an in- 
creased signal handling capability of ± 15V. These switches also 
feature high switching speeds and low RoN. 


The ADG20lA 
and ADG202A consist of four SPST switches. 


They differ only in that the digital control logic is invened. 
All 
devices exhibit break before make switching action. Inherent in 
the design is low charge injection for minimum transients when 
switching the digital inputs. 


LC2MOS 
Quad SPST Switches 


ADG201AlADG202A 
I 


51 


IN' 
INI 


01 


52 


IN2 
IN2 


02 


53 


IN3 
IN3 


03 
03 


54 
54 


I'" 
I'" 


D4 
D4 


SWITCHES 
SHOWN 
FOR A LOGIC •..," 
INPUT 
III 


PRODUCT HIGHLIGHTS 
I. Extended Signal Range: 


These switches are fabricated on an enhanced LC2MOS 
process, resulting in high breakdown and an increased analog 
signal range of ± 15V. 


2. Single Supply Operation: 


For applications where the analog signal is unipolar (OV to 
15V), the switches can be operated from a single + 15V 
supply. 


3. Low Leakage: 


Leakage currents in the range of 500pA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 


- .••.••..••. 
v 
"'I'V 
•••••••••• 
.••.•••••• u .•. 


Parameter 
2S'C 
+8S'C 
2S'C 
+8S'C 
2S'C 
+12S'C 
Unils 
T esl Condilions 


ANALOG SWITCH 
Analog Signal Range 
:!:IS 
:!:IS 
:!:15 
:!:IS 
:!:15 
:!:IS 
Volts 


RoN 
60 
60 
60 
!llyp 
-IOV",Vs'" 
+ JOV 
90 
145 
90 
145 
90 
145 
!lmax 
[os= 
l.OmA 


Test Circuit 
1 
RoNVS.Vo(Vs) 
20 
20 
20 
%typ 
RoN Drifl 
0.5 
0.5 
0.5 
%I'Ctyp 
RoN Match 
5 
5 
5 
%typ 
Vs=OV,los= 
ImA 


[s(OFF) 
0.5 
0.5 
0.5 
nAtyp 
Vo= 
:!:14V; Vs + 14V; Test Circuit 2 
OFF Input Leakage 
2 
100 
2 
100 
I 
100 
nAmax 


[o(OFF) 
0.5 
0.5 
0.5 
nAtyp 
Vo=:!: 
14V;Vs= 
+14V;TestCircuit2 


OFF Output Leakage 
2 
100 
2 
100 
I 
100 
nAmax 


[o(ON) 
0.5 
0.5 
0.5 
nAtyp 
Vo =:!: 14V; Test Circuit 3 
ON Channel Leakage 
2 
200 
2 
200 
I 
200 
nAmax 


DIGITAL CONTROL 
V1NH,Input High Voltage 
2.4 
2.4 
2.4 
Vmin 


V INL, Input 
Low Voltage 
0.8 
0.8 
0.8 
Vmax 


IINLOrIINH 
[ 
I 
I 
,",Amax 


DYNAM[C CHARACTER[STICS 


tOPEN 
30 
30 
30 
nstyp 
toN' 
300 
300 
300 
nsmax 
Test Circuit 4 
toFF I 
250 
250 
250 
nsmax 
Test Circuit 4 
OFF [solation 
80 
80 
80 
dBtyp 
Vs= IOV(p-p);f= 
100kHz 


RL = 75!l; Test Circuit 6 
Channel-to-Channel 
Crosstalk 
80 
80 
80 
dBtyp 
Test Circuit 
7 
Cs(OFF) 
5 
5 
5 
pFtyp 
Co (OFF) 
5 
5 
5 
pFtyp 
Co,Cs(ON) 
16 
16 
[6 
pFtyp 
C1NDigital Input Capacitance 
5 
5 
5 
pFtyp 
QINJCharge Injection 
20 
20 
20 
pCtyp 
Rs=O!l;CL=IOOOpF;Vs~OV 
Test Circuit 
S 


POWER SUPPLY 
[00 
0.6 
0.6 
0.6 
mAtyp 
Digital 
Inputs = V INL or V1NH 
[00 
2 
2 
2 
mAmax 
[ss 
0.1 
0.1 
0.1 
mAtyp 
[ss 
0.2 
0.2 
0.2 
mAmax 
Power Dissipation 
33 
33 
33 
mWmax 


NOTES 


ISample tested at 2SOC to ensure compliance. 


Specificatioossubject 
to change without notice. 


ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25'C unless otherwise stated) 


Voo to Vss 
. 


Voo to GND 
Vss to GND 
. 


Analog Inputs I 
Voltage at S, D 


. 
44V 


. 
25V 


-25V 


Vss -O.3V to 
Voo +0.3V 
30mA 
Continuous Current, 
S or D 
Pulsed Current S or D 
Ims Duration, 
10% Duty Cycle 
Digital Inputs I 
Voltage at IN 
. 
. 
Vss -2V 
to 
Voo +2Vor 
20mA, Whichever Occurs First 


Power Dissipation (Any Package) 


Up to + 75°C . . . . ... 


Derates above + 75°C by 
Operating Temperature 
Commercial (K Version) 
Industrial (B Version) . . 
Extended (T Version) .. 


Storage Temperature 
Range 
Lead Temperature 
(Soldering IOsec) 


470mW 
6mWrC 


- 40°C to + 85°C 
-40°C 
to +85°C 


- 55°C to + 125°C 
-65°C 
to + 150°C 
+ 300°C 


NOTE 
IOvervoltage 
at IN, S or D will be clamped 
by diodes. 
Current should be 
limited 
to the Maximum 
Rating above. 


*COMMENT: 
Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the device. 
This 
is a stress 
rating only 


and functional 
operation 
of the device 
at these 
or any other conditions 
above 
those 
indicated 
in the operational 
sections 
of this specification 
is not implied. 


Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 
Only one Absolute 
Maximum 
Rating 
may be applied 
at 
anyone 
time. 


CAUTION 
ESD (electrostatic 
discharge) 
sensitive device. The digital control 
inputs 
are diode protect- 
ed; however, 
permanent 
damage may occur on unconnected 
devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


Temperature 
Package 
Model' 
Range 
Option2 


ADG201AKN 
- 40°C to + 85°C 
N-16 
ADG201AKR 
- 40°C to + 85°C 
R-I6A 
ADG201AKP 
-40°C to + 85°C 
P-20A 
ADG201ABQ 
- 40°C to + 85°C 
Q-16 
ADG201ATQ 
- 55°C to + 125°C 
Q-16 
ADG201ATE 
- 55°Cto + 125°C 
E-20A 


ADG202AKN 
-40°C to + 85°C 
N-16 
ADG202AKR 
-40°C to + 85°C 
R-I6A 
ADG202AKP 
- 40°C to + 85°C 
P-20A 
ADG202ABQ 
-40°C to + 85°C 
Q-16 
ADG202ATQ 
- 55°Cto + 125°C 
Q-16 
ADG202ATE 
- 55°C to + 125°C 
E-20A 


NOTES 
ITo order MIL-STD-883, 
Class B processed parts, add /883B to T grade part 
numbers. See Analog Devices Military Products Databook (1990) for 
military data sheet. 
'N 
~ Plastic DIP; R ~ 0.15' Small Outline IC (SOIC); P = Plastic Leaded 
Chip Carrier (PLCC); Q ~ Cerdip; E = Leadless Ceramic Chip Carrier 
(LCCC). For outline information see Package Information section. • 


PIN CONFIGURATIONS 


DIP, SOIC 
LCCC 
PLCC 


Q ~ " 


N 
S 
z 
i!: 


Q ~ " ~ S 
3 
2 , 
2. 
19 
Z 


INI 
• 
16 
IN2 
3 
2 , 
2. ,. 
0 


02 
0' 
s, • 
'8 
52 
SI 
• 
0' 
18 52 
.. 
52 
ADG201A 
VOO 
ADG201A 
Vss 
5 
ADG201A 
17 Vao 
ADG202A 
ADG202A 
VOO 
ADG202A 
TOP VIEW 
NC 
NC • 
TOP 
VIEW 
16 Ne 
INot to Sui.) 
TOP VIEW 
NC 
INot to Scala' 
He 
INot to Scale) 
GND 7 
15 NC 


"8 
1. 
53 
•• 
8 
,. S3 


03 


IN' 
8 
• 
I• 
11 
12 
13 
• 
I. 
11 
'2 
'3 
i3 ~ " g 8 
i3 ~ " g 
8 
z 
Z 
NC '" 
NO 
CONNECT 
Ne 
:: NO CONNECT 
NC 
= NO 
CONNECT 


o 
-20 
-15 
-10 
-5 
0 
+5 
+10 
+15 
+20 


VO (V.I_ 
Votts 


o 
-20 
-15 
-10 
-5 
0 
+5 


VO (V.I_ 
Voth 


2.' 


2.0 


~ 
~ 
, 
!Z 
~ 
1.5 


~r 
§ 


" 


ill 


:l 
~ 
1.0 
~ 
I!: 


0.' 
0.' 


T.•.", +ZS-C 


'l///. 
'///, 
//// 
'/// 
/// 


~ 
» 
~ 
~ 
M 
~ 
E 
" 
1~ 
115 
125 
-- 
TEMPERATURE 
- -C 


Leakage 
Current 
as a Function 
of Temperature 
(Note: 


Leakage 
Currents 
Reduce 
as the Supply 
Voltages 
Reduce) 
Trigger 
Level 
vs, Power 
Supply 
Voltage: 
Dual or Single 
Supply 
Voltage 


T .•.= +25"'C 


"'- 
r-- 
to.. 
- 


too. 


T.•.= +25"C 
\ 
"'" 
"- -- 


to.. 


"" 


I 
..'i' 
200 


Is IO~ 
~ 
;':'OFFI 


~ 


~ 
.14V 
±14V 
~ 


~ 


~ 
~IDIONI 


~ 
±14V 


3V 


ADG201A 
-::--\ 
i 


VIN 
~~.5_0_%_____ 
50% 
I 
I 
I 
I 


~ 


VI 
I 


V1N 
50% 
50% 


ADG202A 
I 


I 
I 
I 
I 
.. 
i 
~90% 


~; 
! 
fL- 


I 
1 
I 


~ 
toN ~ 
~!tOFF!~ • 


5V 


~ 
-L 


~..1VO 


QINJ=Cl..x..1Vo 
f- 


--v---- 
R, 


75fi 


+1SV 


v~ 
75U 


7- 


v,. 


Ne 
~- 


RoN 
RoN Match 
Is (OFF) 


10 (OFF) 


Vo (Vs) 
Cs (OFF) 
Co (OFF) 
C1N 
Co, Cs (ON) 


Ohmic resistance between terminals OUT and S 
Difference between the RoN of any two channels 
Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal 0, S 
Switch input capacitance "OFF' 
condition 
Switch output capacitance "OFF" 
condition 
Digital input capacitance 
Input or output capacitance when the switch 
is on 


VlNL 
VlNH 
IlNL (lINW 
Voo 
Vss 
100 
Iss 


Delay time between the 50% and 90% points of 
the digital input and switch "ON" condition 
Delay time between the 50% and 90% points of 
the digital input and switch "OFF' 
condition 
"OFF' 
time measured between 50"10 points of 
both switches, which are connected as a multi- 
plexer, when switching from one address state to 
another 
Maximum Input Voltage for a Logic Low 
Minimum Input Voltage for a Logic High 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 


-"ANALOG 
L.lII DEVICES 


I 


FEATURES 
50ns max Switching 
Time Over Full Temperature 
Range 
Low RON(30n typl 
Single Supply Specifications for + 10.8V to 
+16.5V Operation 
Extended Plastic Temperature Range 
(-40·C 
to +85·CI 
Break-Before-Make Switching 
Low Leakage (100pA typl 
44V Supply max Rating 
Available in 16-Lead DIP/SOICand 
20-Lead LCCC/PLCCPackages 
ADG201HS (K, B, TI Replaces HI-201HS 
ADG201HS (J, A, SI Replaces DG271 


GENERAL 
DESCRIPTION 
The ADG20lHS 
is a monolithic CMOS device comprising four 
independently 
selectable SPST switches. It is designed on an 
enhanced LC2MOS process which gives very fast switching 
speeds and low RoN. 


The switches also feature break-before-make 
switching action 
for use in multiplexer applications and low charge injection for 
minimum transients on the output when switching the digital 
inputs. 


Temperature 
Package 
Modell 
Range 
Option2 


ADG20lHSJN 
- 4O·Cto + 8S·C 
N-16 
ADG20lHSKN 
- 4O·Cto + 8S·C 
N-16 
ADG20lHSKR 
-40·Cto 
+8S·C 
R-16A 
ADG20lHSAQ 
- 40·C to + 8S·C 
Q-16 
ADG20lHSBQ 
- 40·C to + 8S·C 
Q-16 
ADG20lHSJP 
- 4O·Cto + 8S·C 
P-20A 
ADG20lHSKP 
- 4O·Cto + 8S·C 
P-20A 
ADG20lHSSQ 
- SS·Cto + 12S·C 
Q-16 
ADG20lHSTQ' 
- SS·Cto + 12S·C 
Q-16 
ADG20lHSTE' 
- SS·Cto + 12S·C 
E-20A 


NOTES 
'To ord~r MIL-STD-883, 
Class B processed parts, add 


1883B to T grade part numbers. See the Analog Devices 
Military Products Databook (1990) for military data sheet. 
'E = Leadless Ceramic Chip Carrier; N = Narrow Plastic 
DIP; P ~ Plastic Leaded Chip Carrier; Q ~ Cerdip; 
R ~ 0.15" Small Outline IC (SOlC). For outline 
information see Package Information section. 
'Standard Military Drawing (SMD) approved by DESC. 
SMD numbers are 
5962-867I6012X (ADG20IHSTEl883B) 
5962-8671601EX (ADG20IHSTQ/883B) 


LC2MOS 
High Speed, Quad SPST Switch 


ADG201HS 
I 


• 


PRODUCT 
HIGHLIGHTS 
1. SOnsmax toN and tOFF 
The ADG20lHS 
top grades (K, B, T) have guaranteed 
SOns 
max turn-on and turn-off times over the full operating tem- 
perature range. The lower grades (J, A, S) have guaranteed 
7Sns switching times over the full operating temperature 
range. 


2. Single Supply Specifications 
The ADG20lHS 
is fully specified for applications which 
require a single positive power supply in the + 1O.8V to 
+ 16.SV range. 


3. Low Leakage 
Leakage currents in the range of lOOpA make these switches 
suitable for high precision circuits. The added feature of 
break-before-make 
allows for multiple outputs to be tied 
together for multiplexer applications while keeping leaka,ge 
errors to a minimum. 


Switch 
IN 
Condition 


0 
ON 
I 
OFF 


ADG201HS-SPECIFICATIONS 


(Voo = +13.5V to +16.5V, Vss = -13.5V 
to -16.5V, 
GND= OV, 
Dual Supply V1N = 3V (Logic High Level) or O.8V (Logic Low Level) unless otherwise noted,) 


Parameter 
Version 
+2S'C 
TJaia- 
T mu: I 
Units 
Comments 


ANALOG 
SWITCH 
Analog Signal Range 
All 
Vss 
Vss 
Vmin 
All 
Voo 
Voo 
Vmax 


RoN 
All 
30 
Otyp 
-IOV".Vs'" 
+ 10V, Ios= 
lmA; Test Circuit I 
All 
SO 
75 
Omax 
RoN Drift 
All 
0.5 
%/"Ctyp 
-IOV".Vs'" 
+ IOV, IDs = ImA 
RoN Match 
All 
3 
%typ 
-IOV".Vs'" 
+ 10V, Ios= 
ImA 


Is (OFF), 
Offlnput 
Leakage' 
All 
0.1 
nAtyp 
Vo= 
± 14V; Vs= + 14V; Test Circuit 2 
J,K,A,B 
I 
20 
nAmax 
S,T 
I 
60 
nAmax 
10 (OFF), 
Off Output 
Leakage' 
All 
0.1 
nAtyp 
Vo= 
± 14V; Vs= +14V; Test Circuit 2 


j,K,A,B 
I 
20 
nAmax 
S,T 
I 
60 
nAmax 
10 (ON), On Channel Leakage' 
All 
0.1 
nAtyp 
Vo= 
± 14V; Test Circuit 3 
j,K,A,B 
I 
20 
nAmax 
S,T 
I 
60 
nAmax 


DIGITAL 
CONTROL 
V1NH,Input High Voltage 
All 
2.4 
2.4 
Vmin 
V1N.., Input Low Voltage 
All 
0.8 
0.8 
Vmax 


IINLorllNH 
All 
I 
I 
IJ.Amax 


C'N 
All 
8 
8 
pFmax 


DYNAMIC 
CHARACTERISTICS 


toN 
K,B,T 
SO 
50 
nsmax 
Test Circuit 4 
j,A,S 
75 
75 
nsmax 
toFFI 
K,B,T 
50 
50 
nsmax 
Test Circuit 4 
J,A,S 
75 
75 
nsmax 


toFF' 
All 
150 
nstyp 
Test Circuit 4 
!oPEN 
All 
5 
nstyp 
to~tOFFI; 
Test Circuit 4 


Output 
Settling Time to 0.1 % 
All 
180 
ns typ 
V1N =3VtoOV;TestCircuit4 


OFF Isolation 
All 
72 
dBtyp 
Vs=3Vrms,f= 
lOOkHz,RL= 
IkO; 
CL = IOpF; Test CircuitS 
Channel-to-Channel 
Crosstalk 
All 
86 
dBtyp 
Vs = 3V rms, f = 100kHz, RL = IkO; 
CL = IOpF; Test Circuit 6 
QINj, Charge Injection 
All 
10 
pCtyp 
Rs=OO, 
Vs=OV; Test Circuit 7 


Cs(OFF) 
All 
10 
pFtyp 
Co (OFF) 
All 
10 
pFtyp 
Co,Cs(ON) 
All 
30 
pFtyp 
CDS(OFF) 
All 
0.5 
pFtyp 


POWER 
SUPPLY 
100 
All 
10 
10 
mAmax 
Iss 
All 
6 
6 
mAmax 


Power Dissipation 
All 
240 
240 
mWmax 
Voo = + 15V, Vss = -15V 


NOTES 
ITcmperarure 
rallies are as follows: 
ADG20IHSJ, 
K; -4O"CIO 
+ 85"C 


ADG20IHSA,B; 
-4O"CIO 
+85"C 


ADG20IHSS, 
T; - S5"C'0 + 125"C 
2Lcakage specifications 
apply with a VD 
(Vs)of ~ 14V or with a Vo (Vs)ofO.5V within the supply voltages (V DO. Vss), whichever is the minimum. 


Specifications 
subject to change without notice. 


Single Supply 
(Voo= +10.8V 10 +16.5V, Vss= GND= DV,VIM = 3V [Logic High LBvell or D.8V[Logic Low lBvell unless o1herwise noted) 


Parameter 
Version 
+25°C 
T_-T •••• 
Units 
Comments 


ANALOG 
SWITCH 
Analog Signal Range 
All 
Vss 
Vss 
Vmin 
All 
Voo 
Voo 
Vmax 


RaN 
All 
65 
fltyp 
OV<>Vs<>+ lOV, Ios= 
ImA; Test Circuit 1 


All 
90 
120 
flmax 
RaN Drift 
All 
0.5 
%/"Ctyp 
OV<>Vs<>+ lOV,Ios= 
ImA 
RaN Match 
All 
3 
%typ 
OV<>Vs<>+ lOV,Ios= 
ImA 


Is (OFF), 
Offinput 
Leakage' 
All 
0.1 
nAtyp 
Vo= 
+ lOV/+0.5V; 
Vs= 
+0.5V/+ 
lOV; Test Circuit 2 
],K,A,B 
I 
20 
nAmax 
S,T 
I 
60 
nAmax 
In (OFF), 
Off Output 
Leakage' 
All 
0.1 
nAtyp 
Vo= 
+ lOV/+0.5V; 
Vs= 
+0.5V/+ 
lOV; Test Circuit 2 
],K,A,B 
I 
20 
nAmax 
S,T 
I 
60 
nAmax 
In (ON), On Channel Leakage' 
All 
0.1 
nAtyp 
Vo= 
+ lOV/+ O.5V; Test Circuit 3 
],K,A,B 
I 
20 
nAmax 
S,T 
I 
60 
nAmax 


DIGITAL 
CONTROL 
V""H, Input High Voltage 
All 
2.4 
2.4 
Vmin 
• 


V"" •., Input Low Voltage 
All 
0.8 
0.8 
Vmax 
I'N •.orI'NH 
All 
I 
I 
Il-Amax 


C"" 
All 
8 
8 
pFmax 


DYNAMIC 
CHARACTERISTICS 
toN 
K,B,T 
50 
70 
nsmax 
Test Circuit 4 
],A,S 
75 
90 
nsmax 
toFFI 
K,B,T 
50 
70 
nsmax 
Test Circuit 4 
],A,S 
75 
90 
nsmax 


toFF' 
All 
150 
nstyp 
Test Circuit 4 


toPEN 
All 
5 
nstyp 
torrtOFFl; Test Circuit 4 
Output 
Settling Time to 0.1 % 
All 
180 
nstyp 
V'N = 3VtoOV; Test Circuit 4 
OFF Isolation 
All 
72 
dBtyp 
Vs=3Vrms,f= 
lOOkHz,R •. = Ikfl; 


C•. = 10pF; Test Circuit 5 
Channel-to-Channel 
Crosstalk 
All 
86 
dBtyp 
Vs = 3V rms, f = 100kHz, R•. = Ikfl; 
C•.= lOpF; Test Circuit 6 
Q'Nj, Charge Injection 
All 
10 
pCtyp 
Rs = Ofl, Vs =OV; Test Circuit 7 


Cs(OFF) 
All 
lO 
pFtyp 
Cn(OFF) 
All 
lO 
pFtyp 
Co,Cs(ON) 
All 
30 
pFtyp 
Cns(OFF) 
All 
0.5 
pFtyp 


POWER 
SUPPLY 
Inn 
All 
lO 
10 
mAmax 


Power Dissipation 
All 
150 
150 
mWmax 
Voo = + 15V 


NOTE 
IThc leakage specifications 
degrade marginally (typically InA at 25OC)with V0 (Vs) = V55. 


Specifications 
subject to change without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS· 
(T A = 25°C unless otherwise noted) 


Voo to VSS 
. 
Vooto 
GND 
VSS to GND1 


Analog Inputs2 


Voltage at S, D 


. .... 
44V 


. -0.3V,25V 
+0.3V, 
-25V 


......... 
Vss - 2V to 
Voo +2Vor 
20mA, Whichever Occurs First 
.......... 
20mA 
Continuous 
Current, 
S or D 
Pulsed Current Sor D 
Ims Duration, 
10% Duty Cycle 
. 
Digital Inputs2 


Voltage at IN 
. Vss -4V 
to 
Voo +4Vor 
20mA, Whichever Occurs First 


Power Dissipation (Any Package) 


Up to + 75°C 
. 
Derates above + 75°C by 
Operating Temperature 
Commerical (], K Version) 
Industrial (A, B Version) 
Extended (S, T Version) 
. 


Storage Temperature 
Range . 
Lead Temperature 
(Soldering !Osee) 


470mW 
6mW;oC 


-40°C 
to +85°C 
- 40°C to + 85°C 
- 55°C to + 125°C 
-65°C 
to + 150°C 
+ 300°C 


NOTES 
'IfVss 
is open circuited 
with Vooand 
GND 
applied, 
the Vss pin will be pulled 
positive, 
exceeding 
the Absolute 
Maximum 
Ratings. 
If this possibility 
exists, 


a Schottky 
diode 
from V ss to GND 
(cathode 
end to GND) 
ensures 
that the 
Absolute 
Maximum 
Ratings 
will be observed. 


20vervoltage 
at IN, S or D, will be clamped 
by diodes. 
Current 
should 
be limited 
to the maximum 
rating 
above. 


·COMMENT: 
Stresses 
above those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
This 
is a stress 
rating only and 
functional 
operation 
of the device 
at these or any other 
conditions 
above 
those 
indicated 
in the operational 
sections 
of this specification 
is not implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device 
reliability. 


CAUTION: 
ESD (electrostatic 
discharge) 
sensitive device. 
The digital control 
inputs 
are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive 
foam or shunts. 
The protective 
foam 
should be discharged 
to the destination 
socket before devices are inserted. 


DIP,SOIC 
LCCC 


0 ~ 
U 
N 
N 
INI 
• 
IN2 
Z ~ 
0 
3 
2 
1 
20 
19 


02 
,, , 
51 
52 
51 
4 
' ,... 


vss 
ADG201HS 
Voo 
vss 
ADG201HS 


GNO 
TOP VIEW 
NC 
NC 6 
TOP VIEW 
(Not to Scale) 
(Not to 5calel 
GNO 
S4 
53 
54 
8 
04 
03 


IN4 
IN3 
9 
10 
11 
12 
13 
.. .. u 
,., 
,., 
0 ~ z ~ 
0 
NC = NO CONNECT 
NC = NO CONNECT 


18 52 
51 


17 Voo 
Vss 
Voo 
ADG201HS 
16 NC 
NC 
TOP VIEW 
NC 


15 NC 
GNO 
(Not to 5calel 


14 53 
S4 
8 
14 
S3 


~ ~ ~ 
NC = NO CONNECT 


Voo= 
+1SV 
Vss = 
-1SV 


A \ 
/' r--- 
f'.... 


125"C 


~ 
r- 
---..... 


-........ 


25"<: 
r-.... 
~ 
t--- 


-5S"C 


1\ 
A 


~: 
~ 0+10.8V 
/ 
" l/\ 


I 
/\ 
\"" 
Voo = 
+15V 
.../ 
Vss = 0 


o 
-20 
-15 
-10 
-5 
0 
5 


VD IVs) - Volts 


RON as a Function 
of Vo (Vs): Single 
Supply 
Voltage, 
TA = +25°C 


Trigger 
Levels 
vs. Power 
Supply 
Voltage, 
Dual Dr Single 
Supply, 
TA = + 25°C 


RON as a Function 
of Vo (Vs): Dual Supply 
Voltage, 
TA = +25°C 
• 


25 
35 
45 
55 
65 
75 
as 
95 
105 
115 
125 


TEMPERATURE 
- 
"C 


Leakage 
Current 
as a Function 
of Temperature 
Dual 
Supply 
Voltage. 
(Note: 
Leakage 
Currents 
Reduce 
as 
the Supply 
Voltages 
Reduce) 


Off Isolation 
vs. Signal 
Frequency; 
Dual or Single 
15V 
Supplies, 
TA = + 25°C 


ADG201HS- Typical Pertormance Characteristics (Continued) 


too" 


::---. 
to. 


too" 


, 


Switching Time vs. Supply Voltage (Dual Supply): 
TA = +25°C. (Note: See Test Circuit 4. 
For Voo <10V, Vs = Voo) 


Voo 
"" +15V 
Vas 
"" -1SV 


""', 


to. 
- 
""'. 


/"'" 


Voo = 
+10.8V 
/' 
Vss = - 'O.BV 
./ 
V 
/'" 


../ 
/../ 
,/ 


./voo 
= + ,a.BV _ 
./ 


./ 
/' 
Vss :: ov 


.-/ 


't 
20 
, 
Z 
'0 
~~.. 
0-10 
a:~ 
U-2O 


-40 
-10 
-8 
-6 
-4 
-2 
0 
2 
4 
SOURCE VOLTAGE IV•• _ Vott. 


Charge Injection vs. Source Voltage (Vs) for Dual and 
Single 10.8VSupplies: TA = +25°C 


'60 


.40 


.20 


.00. 
c, 
i 
80 
j 
60 


40 


20 


-----'-- 
too" 


"-- e-- 
to. 


too" 


, 


Switching Time vs. Supply Voltage (Single Supply): 
TA = +25°C. (Note: See Test Circuit 4. 
For Voo <10V, Vs = Voo) 


VDO = 
+10.8V 
Vss 
:: ov 


to... 


to. ---- 
"",. 


~ 
100 
, 


J 
60 


60 


V 


VDO = 
+1SV 
./ 


Vas = 
-1SV,,/ 


,/ 
V 
./ 


,,/ 
../ ,/ 


,,/ 


/VDO= 
+15V 
/' 
I"~r- 


/' 


't 
20 
, 
z 
Q 
10 
t; 


~ 
0 
.. 
~1-l0 
.• 
%U_2O 


-40 
-10 
-8 
-6 
-4 
-2 
0 
2 
4 
SOURCE VOLTAQE tv.) _ Von.. 


Charge Injection vs. Source Voltage (Vs) for Dual and 
Single 15VSupplies: TA = +25°C 


Note: All digital input signal rise and fall times measured from 10% to 90% of 3V. tR = tF = Sns. Decoupling capacitors (O.OIILF 
min) from Voo and Vss to GND are recommended 
to achieve specified performance. 


TEST CIRCUIT 
1 
RON 


TEST CIRCUIT 
2 
Is (OFF), ID (OFF) 


TEST CIRCUIT 
3 
ID(ON) 


O.SV 


RON 
= 
'Y...., I 
os 


TEST 
CIRCUIT 
4 
tON, tOFF, tOPENoSETTLING 
TIME 


3V 


~SO% 
!rSO% 


OV 
,_. -----_. 
, 
' 
I 
I 
~tOFF11...- 


: 1 
90 


% 
\:; 
___ ,_J, 
" 


~I 
tON f4- 
~ 
tOFF2~ 


111 


10V ~ 


S 
D 


I 
IN__ J 


TEST CIRCUIT 
6 
CHANNEL-TO-CHANNEL 
CROSSTALK 
TEST CIRCUIT 
5 
OFF ISOLATION 


TEST CIRCUIT 
7 
CHARGE INJECTION 


I 
IN 
I 
__ 
.J 


The excellent performance 
of the ADG20lHS 
with single supply 
operation makes it suitable in applications such as disk drives 
where only positive power supply voltages are normally available. 
The accompanying circuit shows a typical application for the 
ADG20lHS 
in the read/write head switching section of a disk 
drive. The circuit allows data (Osand Is) to be written to and 
read from a disk. The principal advantage offered by the 
ADG20lHS 
is that it retains very fast switching speed with 
single supply operation (see Single Supply Specifications). This 
allows disk drives to run at higher data rates. 


PATH 
•...-, r------------ 


I I 
1 
12V~ 
I I 
I I 
I I 
I 
I 
I I 
I I 
I I 
I I 


Ir~ 
OV -----r-r'" 
• 
I 
__ 
.J 
L 
J 


SWITCHES 
1 TO 
5 ALL 
AOG201.HS 


SWITCH 
WRITE 
NUMBER 
0 
"'" 
READ 
, 
OFF 
ON 
OFF 
2 
ON 
OFF 
OFF 
3 
OFF 
OFF 
ON 
4 
OFF 
OFF 
ON 
5 
ON 
ON 
OFF 


ADG201HS 
in the ReadlWrite 
Head 
Switching 
Circuit 
of a 
Disk Drive 


ADG211 AIADG212A 


FEATURES 
44V Supply Maximum 
Rating 
± 15V Analog Signal Range 
Low RON(1150 maxI 
Low Leakage (O.5nA typ) 
Break Before Make Switching 
Single Supply Operation 
Possible 
Extended Plastic Temperature 
Range 
(-40°C 
to +85°C) 
TTLJCMOS Compatible 
Available 
in 16-Lead DIP/SOIC and 
20-Lead PLCC Packages 
Superior Second Source: 
ADG211A Replaces DG211 
ADG212A Replaces DG212 


GENERAL 
DESCRIPTION 
The ADG211A and ADG2l2A 
are monolithic CMOS devices 
comprising four independently 
selectable switches. They are 
designed on an enhanced LC2MOS process which gives an in- 
creased signal handling capability of ± l5V. These switches also 
feature high switching speeds and low RoN' 


The ADG21lA 
and ADG2l2A 
consist of four SPST switches. 


They differ only in that the digital control logic is inverted. In 
multiplexer applications, 
all switches exhibit break-before-make 
switching action when driven simultaneously. 
Inherent in the 
design is low charge injection for minimum transients when 
switching the digital inputs. 


ADG211A 
ADG212A 


S1 
51 


IN1 
IN1 


D1 
D1 


52 
52 


IN2 
IN2 


D2 
D2 


53 
53 


IN3 
IN3 


D3 
D3 


54 
54 


IN4 
IN4 


D4 
D4 


SWITCHES 
SHOWN 
FOR A LOGIC 
-1- 
INPUT • 


PRODUCT 
HIGHLIGHTS 
I. Extended Signal Range: 
These switches are fabricated on an enhanced LC2 MOS 
process, resulting in high breakdown and an increased analog 
signal range of ± 15V. 


2. Single Supply Operation: 


For applications where the analog signal is unipolar COVto 
15V), the switches can be operated from a single + l5V 
supply. 


3. Low Leakage: 
Leakage currents in the range of 500pA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 


ADG211A 
IN 
o 


1 


ADG212A 
IN 


1 
o 


SWITCH 
CONDITION 
ON 
OFF 


ADG211A1ADG212A-SPECIFICATIONS 
~~~d~ 
+15V, Vss = -15V, 
VL = 5V, unless otherwise 


ADG211AKN 
ADG212AKN 


Parameter 
2S'C 
-40'Cto 
+8S'C 
Units 
Test Conditions 


ANALOG SWITCH 
Analog Signal Range 
± 15 
± 15 
Volts 


RoN 
115 
175 
.o.max 
-JOV""Vs"" + JOV,Ios= ImA, 
Test Circuit I 
RoNvs. Vo(Vs) 
20 
%typ 
RONDrift 
0.5 
%I"Ctyp 
RoN Match 
5 
%typ 
Vs=OV,Ios=lmA 


Is (OFF) 
0.5 
nA typ 
Vo= 
±14V;Vs=+=14V;TestCircuit2 


OFF Input Leakage 
5 
100 
nAmax 


10(OFF) 
0.5 
nAtyp 
Vo= ± 14V; Vs= =+= 
14V;Test Circuit 2 
OFF Output Leakage 
5 
100 
nAmax 


10(ON) 
0.5 
nAtyp 
Vo = ± 14V; Test Circuit 3 
ON Channel Leakage 
5 
200 
nAmax 


DIGITAL CONTROL 
VINH,Input High Voltage 
2.4 
Vmin 
TTL Compatibility is Independent of VL 
VINL,Input Low Voltage 
0.8 
Vmax 
IINLorIINH 
I 
fJ.Amax 
C1N,Digital Input Capacitance 
5 
pFtyp 


DYNAMIC CHARACTERISTICS 


(OPEN 


1 
30 
nstyp 
Test Circuit 4 
tON 
1 
600 
nsmax 
Test Circuit 5 


!oFF 


1 
450 
nsmax 
Test Circuit 5 
OFF Isolation 
80 
dBtyp 
Vs= 10V(p-p);f= 
100kHz 
RL = 75.0.;Test Circuit 6 
Channel-to-Channel Crosstalk 
80 
dBtyp 
Test Circuit 7 
Cs(OFF) 
5 
pFtyp 
Co(OFF) 
5 
pFtyp 
Cs,Co(ON) 
16 
pFtyp 
QINj, Charge Injection 
20 
pCtyp 
Rs=O.o.;CL = 1000pF; Vs=OV 
Test Circuit 8 


POWER SUPPLY 
100 
0.6 
mAtyp 
Digital Inputs = VINLor VINH 
100 
I 
mAmax 


Iss 
0.1 
mAtyp 
Iss 
0.2 
mAmax 
IL 
0.9 
mAmax 


NOTE 
'Sample 
tested at 25°C toensurecompliance. 


Specifications subject to change withom notice. 


ABSOLUTE 
MAXIMUM 
RATINGS* 
(T A =25°Cunless otherwise stated) 
Digital Inputs I 
Voltage at IN 
......... 
VSS 
- 2V to 
VDD +2Vor 
20mA, Whichever Occurs First 
VDD to Vss 
. 


VDD to GND 
Vss to GND 
. 


VL toGND 
. 
Analog Inputs I 
Voltage at S, D 
. 
Continuous Current, 
S or D 
Pulsed Current Sor D 
Ims Duration, 
10% Duty Cycle 


. 
44V 


. 
2SV 
-2SV 
-0.3V,2SV 


Power Dissipation (Any Package) 


Up to + 75°C 
. 
Derates above + 7YC by 


Operating Temperature 
. . 


Storage Temperature 
Range 
Lead Temperature 
(Soldering \Osec) 


NOTE 
IOvervoltageat 
IN, S or D will be clamped 
by diodes. 
Current 
should 
be 


limited 
[Q the Maximum 
Rating 
above. 


470mW 
6mWrC 


- 40°C to + 85°C 


- 65°C to + 150°C 
+ 300°C 


Vss -0.3V 
to VDD 
+O.3V 


.......... 
30mA 


·COMMENT: 
Stresses 
above those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
This is a stress 
rating only 


and functional 
operation 
of the device at these or any orherconditions 
above those indicated 
in the operational 
sections 
ofrhis 
specification 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device reliability. 
Only one Absolute 
Maximum 
Rating 
may 


be applied 
at anyone 
time. 


CAUTION 
ESD (electrostatic 
discharge) 
sensitive device. The digital control 
inputs 
are diode protect- 
ed; however, 
permanent 
damage may occur on unconnected 
devices subject 
to high energy 


electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


PIN CONFIGURATIONS 


DIP, SOIC 
PLCC 


0 ~ 
U 
N 
N 
Z 
;:; 
0 


IN' 
• 
IN2 


0' 
02 
'8 
52 


5' 
52 


ADG211A 
ADG211A 
Von 
vss 
ADG212A 
Voo 
ADG212A 


TOP VIEW 
NC 


GNO 
TOP VIEW 
V, 
(Not to Scale) 
(Not 
to Scale) 
V, 


54 
53 
54 
'4 
53 


04 
03 


IN3 
~ ~ 


NC = NO CONNECT 


Temperature 
Package 
Model 
Range 
Option* 


ADG2IIAKN 
- 40°C to + 85°C 
N-16 
ADG2IIAKR 
- 40°C to + 85°C 
R-I6A 
ADG2IIAKP 
- 40°C to + 85°C 
P-20A 
ADG2I2AKN 
- 40°C to + 85°C 
N-16 
ADG2I2AKR 
- 40°C to + 85°C 
R-I6A 
ADG2I2AKP 
-40°C to + 85°C 
P-20A 


*N = Plastic DIP; R ~O.lS" Small Outline IC (SOIC); 
P ~ Plastic Leaded Chip Carrier (PLCC). For outline 
information 
see Package 
Information 
section. 


ADG211A1ADG212A- Typical Performance 
Characteristics 


The switches can comfortably 
operate anywhere 
in the IOV to ISV single or dual supply range, 
with only a slight degradation 
in performance. 
The foUowing graphs show the relevant performance 
curves. The test circuits and test conditions are given in a following section, "Test Circuits." 
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Figure 5. LeakageCurrent asa Function of Temperature 
(Note: Leakage Current Reduces as the Supply Voltages 
Reduce) 
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Figure 6. Trigger Levels vs. Power Supply Voltage, Dual or 
Single Supply Voltage 
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Figure ". 
Off Isolation and Channel-to-Channel Crosstalk 
vs.Supply Voltage 
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Figure 12. Charge Injection vs. Source Voltage (Vs) for Dual 
and Single 15VSupplies 
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Figure 13. Charge Injection vs. Source Voltage for Dual and 
Single 10VSupplies 
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TERMINOLOGY 


RoN 
Ohmic resistance between terminals OUT and S 
RoN Match 
Difference between the RoN of any two channels 
Is (OFF) 
Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal D, S 
Switch input capacitance "OFF" 
condition 
Switch output capacitance "OFF" 
condition 
Digital input capacitance 
Input or output capacitance when the switch 
is on 


VINI. 
V1NH 
I1NI.(IINH) 
Von 
Vss 
VI. 
Inn 
Iss 


Delay time between the 50% and 90% points of 
the digital input and switch "ON" condition 
Delay time between the 50% and 90% points of 
the digital input and switch "OFF" 
condition 
"OFF" 
time measured between 50% points of 
both switches, which are connected as a multi- 
plexer, when switching from one address state to 
another 
Maximum Input Voltage for a Logic Low 
Minimum Input Voltage for a Logic High 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Logic supply voltage 
Positive supply current 
Negative supply current 


IIlIIIIIII ANALOG 
WDEVICES 


I 


FEATURES 
44V Supply Maximum 
Rating 
± 15V Analog Signal Range 
Low RON(&00) 
Low Leakage (O.5nA) 
Break Before Make Switching 
Extended Plastic Temperature 
Range 
(-40OCto 
+85OC) 


Low Power Dissipation 
(25.5mW) 
",p. TTL. CMOS Compatible 
Available 
in 16-Lead DIP/SOIC and 
2G-Lead PLCC/LCCC Packages 
Surface Mount 
Packages 
Superior DG221 Replacement 


GENERAL 
DESCRIPTION 
The ADG221 and ADG222 are monolithic CMOS devices com- 
prising four independently 
selectable switches. On-chip latches 


facilitate microprocessor interfacing. 
They are designed on an 
enhanced LC2MOS process which gives an increased signal 
handling capability of ± 15V. These switches also feature high 
switching speeds and low RoN. 


The ADG221 and ADG222 consist of four SPST switches. They 
differ only in that the digital control logic is inverted. All devices 
exhibit break before make switching action. Inherent in the 
design is low charge injection for minimum transients when 
switching the digital inputs. 


LC2MOS 
Quad SPST Switches 


ADG221/ADG222 
I 


51 


IN1 
01 


52 
IN2 


02 
53 
IN3 
03 
54 


IN4 
04 • 


WR 
ADG221 
ADG222 


PRODUCT 
HIGHLIGHTS 
1. Easily Interfaced: 


Digital inputs are latched with a WR signal for microprocessor 
interfacing. A 5V regulated supply is internally generated 
permitting wider tolerances on the supplies without affecting 
the TTL digital input switching levels. 


2. Single Supply Operation: 


For applications where the analog signal is unipolar (OV to 
15V), the switches can be operated from a single + 15V 
supply. 


3. Low Leakage: 


Leakage currents in the range of 500pA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 


ADG221/ADG222-SPECIFICATIONS 
(yoo 


K Version 
BVersion 
TVersion 


-40'Cto 
-40'Cto 
-SS'Cto 


Parameter 
2S'C 
+8S'C 
2S'C 
+8S'C 
2S'C 
+ 12S'C 
Units 
Test Conditions 


ANALOG SWITCH 


Analog Signal Range 
:!: 15 
:!: 15 
:!: IS 
:!: IS 
:!: IS 
:!: IS 
Volts 


RoN 
60 
60 
60 
Htyp 
- 10V"'Vs'" + 10V 


90 
145 
90 
145 
90 
145 
Hmax 
10,= l.OmA 
Test Circuit 1 
RoNVS. Vo(Vs) 
20 
20 
20 
%typ 
RoN Drift 
0.5 
0.5 
0.5 
%I'Ctyp 
RoN Match 
5 
5 
5 
%typ 
Vs=OV,Ios= 
ImA 


Is (OFF) 
0.5 
0.5 
0.5 
nAtyp 
Vo = :!: 14V; Vs + 14V; Test Circuit 2 
OFF Input Leakage 
2 
100 
2 
100 
I 
100 
nAmax 


Io(OFF) 
0.5 
0.5 
0.5 
nAtyp 
Vp= ~ 14V;Vs= 
+ 14V;Test Circuit 1 


OFF Output Leakage 
2 
100 
2 
100 
I 
100 
nAmax 


Io(ON) 
0.5 
0.5 
0.5 
nAtyp 
Vo = :!: 14V; Test Circuit 3 
ON Channel Leakage 
2 
200 
2 
200 
I 
200 
nAmax 


DIGITAL CONTROL 
VtNH, Input High Voltage 
2.4 
2.4 
2.4 
Vrnin 
VtNL, Input Low Voltage 
0.8 
0.8 
0.8 
Vrnax 


IINLorIINH 
I 
I 
I 
~Amax 


DYNAMIC CHARACTERISTICS 


loPEN 
30 
30 
30 
nstyp 
toN' 
300 
300 
300 
nsmax 
Test Circuit 4 
toFF I 
250 
250 
250 
nsmax 
Test Circuit 4 
twl Write Pulse Width 
100 
100 
100 
120 
nsmin 
See Figure 2 
ts I Digital Input Setup Time 
100 
100 
100 
120 
nsmin 
See Figure 2 
tH' Digital Input Hold Time 
20 
20 
20 
20 
nsmin 
See Figure 2 


OFF Isolation 
80 
80 
80 
dBtyp 
Vs= IOV(p-p);f= 
100kHz 


RI. = 75H; Test Circuit 6 
Channel-to-Channel 
Crosstalk 
80 
80 
80 
dBtyp 
Test Circuit 7 
Cs(OFF) 
5 
5 
5 
pFtyp 
Co (OFF) 
5 
5 
5 
pFtyp 


Co,Cs(ON) 
16 
16 
16 
pFtyp 


CIN Digital 
Input 
Capacitance 
5 
5 
5 
pFtyp 
QINJCharge Injection 
20 
20 
20 
pCtyp 
Rs=OH;CI. 
= lOOOpF;Vs=OV 
Test Circuit 5 


POWER SUPPLY 
100 
0.6 
0.6 
0.6 
mAtyp 
Digital Inputs = VINL or V INH 
100 
I.S 
I.S 
I.S 
roAmax 
Iss 
0.1 
0.1 
0.1 
mAtyp 
Iss 
0.2 
0.2 
0.2 
mAmax 
Power 
Dissipation 
25.5 
25.5 
25.5 
mWmax 


NOTE 


ISample tested at 25"(; to ensure complian~. 
Spttifications subject to change without notice. 
ioN' toFF are the same for both IN and WR digital input changes. 


ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless 
otherwise 
stated) 


Voo to Vss 
. 


Voo 
to GND 
Vss to GND 
. 


Analog 
Inputs 
t 
Voltage 
at S, D 
. 


Continuous 
Current, 
S or D 
Pulsed 
Current 
S or D 
1ms Duration, 
10% Duty 
Cycle 
. 


Digital 
Inputs 
1 


Voltage 
at IN, 
WR 
. 


. 
44V 


. 
25V 
-25V 


Vss 
-O.3V 
to 
Voo 
+O.3V 
30rnA 


Vss 
-2V 
to 
Voo+2Vor 
20rnA, 
Whichever 
Occurs 
First 


Power 
Dissipation 
(Any Package) 


Up to 
+ 75°C 
. 


Derates 
above 
+ 75°C by 
Operating 
Temperature 
Commercial 
(K Version) 
Industrial 
(B Version) 
. 
Extended 
(T Version) 
. . 


Storage 
Temperature 
Lead 
Temperature 
(Soldering 
!Osee) 


470mW 
6mW/oC 


- 40°C to 
+ 85°C 
- 40°C to 
+ 85°C 
- 55°C to 
+ 125°C 
- 65°C to 
+ 150°C 
+ 300°C 


NOTE 
IOvervolrage at IN, WR, Sor D will be clamped by diodes. Current should be 
limited (0 the Maximum Rating above. 


*COMMENT: 
Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 


and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Only one Absolute Maximum Rating may be applied at 
anyone time. 


CAUTION 
ESD (electrostatic 
discharge) 
sensitive device. The digital control 
inputs 
are diode protect- 
ed; however, permanent 
damage may occur on unconnected 
devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


Temperature 
Package 
Modell 
Range 
Option2 


ADG221KN 
- 40°C to + 85°C 
N-16 
ADG221KR 
- 40°C to + 85°C 
R-16A 
ADG221KP 
- 40°C to + 85°C 
P-20A 
ADG221BQ 
- 40°C to + 85°C 
Q-16 
ADG221TQ 
- 55°Cto + 125°C 
Q-16 
ADG221TE 
- 55°Cto + 125°C 
E-2OA 


ADG222KN 
- 40°C to + 85°C 
N-16 
ADG222KR 
-40°C to + 85°C 
R-16A 
ADG222KP 
- 40°C to + 85°C 
P-20A 
ADG222BQ 
- 40°C to + 85°C 
Q-16 
ADG222TQ 
- 55°Cto + 125°C 
Q-16 
ADG222TE 
- 55°Cto + 125°C 
E-2OA 


NOTES 
'To order MIL-STD-883, 
Class B processed parts, add /883B to T grade part 
numbers. See Analog Devices Military Products Databook (1990) for 
military data sheet. 
'N 
= Plastic DIP; R = 0.15" Small Outline IC (SOlC); P ~ Plastic 
Leaded Chip Carrier (PLCC); Q = Cerdip; E ~ Leadless Ceramic Chip 
Carrier (LCCC). For outline information see Package Information section. 
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TIMING 
AND CONTROL 
SEQUENCE 
Figure 2 shows the timing sequence for latching the switch 
digital inputs (INI - IN4). The latches are level sensitive and, 
therefore, while WR is held low the latches are transparent 
and 
the switches respond to the digital inputs. The digital inputs are 
latched on the rising edge of WR. 
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ADG221/ADG222 - Typical Performance 
Characteristics 
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Leakage Current as a Function of Temperature (Note: 
Leakage Currents Reduce as the Supply Voltages 
Reduce) 


Trigger Level vs. Power Supply Voltage: Dual or Single 
Supply Voltage 
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RoN 
RoN Match 
Is (OFF) 


10 (OFF) 


10(ON) 


Vo (Vs) 
Cs (OFF) 
Co (OFF) 
CtN 
Co, Cs (ON) 


Ohmic resistance between terminals OUT and S 
Difference between the RoN of any two channels 
Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal D, S 
Switch input capacitance "OFF" 
condition 
Switch output capacitance "OFF" 
condition 
Digital input capacitance 
Input or output capacitance when the switch 
is on 


VtNL 
VINH 
ItNL 
(ItNHl 


Voo 
Vss 
100 
Iss 


Delay-time ~tween 
the 50% and 90% points of 
the digital input and switch "OFF" 
condition 
"OFF" 
time measured between 50% points of 
both switches, which are connected as a multi- 
plexer, when switching from one address state to 
another 
Maximum Input Voltage for a Logic Low 
Minimum Input Voltage for a Logic High 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 


LC2MOS 4/8 Channel 
High Performance 
Analog Multiplexers 
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1IIIIIIII ANALOG 
WDEVICES 


I 
FEATURES 
44 V Supply Maximum Ratings 
Vss to Voo Analog Signal Range 
Low On Resistance «100!l) 
Low Power Dissipation «2.2 
mW) 
Fast Switching 
Latch Up Proof 
Plug-In Replacement for DG408/DG409 


APPLICATIONS 
Audio and Video Routing 
Automatic Test Equipment 
Data Acquisition Systems 
Battery Powered Systems 
Sample Hold Systems 
Communication Systems 
• 


GENERAL 
DESCRIPTION 
The ADG408 and ADG409 are monolithic CMOS analog 11\ 
1- 
plexers comprising 8 single channels and 4 differenaal channels, 
respectively. The ADG408 switches one 
f 8 inputs to a com- 
mon output as determined 
by the 3 bit billal'Y'a'tldress line 1\0 
AI, A2. The ADG409 switches one of 4 differential inputs to a 
common differential output as determined 
by the ~ bit binan' 
address lines AO and AI. An EN input on both devjces is used 
to enable or disable the device. When disabled, all channels a~ 
switched OFF. 


The ADG408/ADG409 
are designed on an enhanced LC2MOS, 
trench isolated process which provides low power dissipation yet 
gives high switching speed and Iowan 
resistance. Each channel 
conducts equally well in both directions when ON and has an 
input signal range which extends to the supplies. In the OFF 
condition signal levels up to the supplies are blocked. All chan- 
nels exhibit break-before-make 
switching action preventing mo- 
mentary shorting when switching channels. Trench isolation 
gives all the benefits of dielectric isolation and ensures no latch 
up even under extreme overvoltage conditions. Inherent in the 
design is low charge injection for minimum transients when 
switching the digital inputs. 


The ADG408/ADG409 
are improved replacements for the 
DG408IDG409 analog multiplexers. 


A2 
Al 
AO 
EN 
On Switch 


X 
X 
X 
0 
NONE 
0 
0 
0 
I 
I 
0 
0 
I 
I 
2 
0 
I 
0 
I 
3 
0 
I 
I 
I 
4 
I 
0 
0 
I 
5 
I 
0 
I 
I 
6 
I 
I 
0 
I 
7 
I 
I 
I 
I 
8 


Al 
AO 
EN 
On Switch Pair 


X 
X 
0 
NONE 
0 
0 
I 
I 
0 
I 
I 
2 
I 
0 
I 
3 
I 
I 
I 
4 


PRODUCT 
HIGHLIGHTS 
I. Extended Signal Range 
The ADG408/ADG409 
are fabricated on an enhanced 
LC2MOS process giving an increased signal range which 
extends to the supply rails. 


2. Low Power Dissipation 


3. Low RON 


4. Single/Dual Supply Operation 


5. Trench isolation guards against latch up. 


This information 
applies to a product 
under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 
Analog 
Devices assumes no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed to in writing. 


ADG40S/ADG409-SPECIFICATIONS 
1 
~~~~d~ 
+15 V, Vss = -15 
V, GND= 0 V, unless otherwise 


B Version 
T Version 
-40°C to 
-55°C to 
Parameter 
+25°C 
+ 85°C 
+ 25°C 
+ 125°C 
Units 
Test Conditions/Comments 


Analog Signal Range 
±15 
±15 
±15 
±15 
V 
RoN 
100 
100 
nmax 
Vo = ± 10 V, Is = -1 mA 
~RoN 
15 
15 
nmax 
Vo = +10V, 
-10V 


LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) 
0.5 
0.5 
nA max 
Vo = ±1OV, Vs = :;:10 V 
Drain OFF Leakage 10 (OFF) 
0.5 
0.5 
nAmax 
Vo = ±10V, 
Vs = :;:10 V 
Channel ON Leakage 10 (ON) 
1 
nAmax 
Vs = Vo = ±1O V 


DIGITAL 
INPUTS 
Input High Voltage, V1NH 
2.4 
2.4 
Vmin 
Input Low Voltage, VINL 
0.8 
0.8 
Vmax 
Input Current 
IINL or IINH 
±1O 
±1O 
fLAmax 
CIN Digital Input Capacitance 
8 
8 
pF typ 


DYNAMIC CHARACTERISTICS' 
RL = 
300 n, CL = 35 pF, Vs = ±10 V 


tTRANSITION 
250 
tOPEN 
10 
tON (EN) 
150 
tOFF (EN) 
150 
Charge Injection 
20 
s = 0 V, Rs = 0 n, CL = 10 nF 
OFF Isolation 
-75 
L = 1 kn, f = 100 kHz 
Cs (OFF) 
11 
Co (OFF) 


ADG408 
40 


ADG409 
20 


Co (ON) 


ADG408 
54 


ADG409 
34 


POWER REQUIREMENTS 
Voo = +16.5 V, Vss = -16.5 
V 
Digital Inputs = 0 V or 5 V 
100 
75 
75 
75 
fLAmax 


Iss 
75 
75 
75 
75 
~max 


NOTES 
ITemperature ranges are as follows: B Versions: -40°C to +85°C; T Versions: -55OC to + 125°C. 
2Sample tested @+2SoC 
to ensure compliance. 
Specifications subject to change without notice. 
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Al 


A2 
GND 


Vss 
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Vss 
Voo 
ADG408 
ADG409 
TOP VIEW 
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TOP VIEW 
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S5 
S2A 
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S4B 
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This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


FEATURES 
44 V Supply Maximum Ratings 
±15 V Analog Signal Range 
Low On Resistance «35 ill 
Ultralow Power Dissipation (35 ",WI 
Fast Switching Times 
tON <175 ns 
tOFF<145 ns 
Latch-Up Proof 
Plug in Replacement for DG411/DG412 


APPLICATIONS 
Audio and Video Switching 
Automatic Test Equipment 
Precision Data Acquisition 
Battery Powered Systems 
Sample Hold Systems 
Communication 
Systems 


LC2MOS 
Precision Quad SPST Switches 


ADG411/ADG412 
1 


FUNCTIONAL 
BLOCK DIAGRAM 


s, 
S, 


IN' 


0' 
01 


S2 
S2 


IN2 


02 
02 


53 
53 


1N3 


03 
03 


54 
54 


IN4 
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D4• 


IlIIIIIII ANALOG 
WDEVICES 


1 
_ 


GENERAL 
DESCRIPTION 
The ADG411 and ADG4l2 are monoli 
prising four independently 
selectabl 
signed on an enhanced LC2MOS, 
i 
p 
which provides low power dissipation 
et gives ;rg 
speed and low on resistance. Trench isolatio 
. es 
e bene 
fits of dielectric isolation and ensures no latch-u 
ven under 
extreme over-voltage conditions. The on resistance proftle is 
very flat over the full analog input range ensuring good linearity 
and low distortion when switching audio signals. High switching 
speed also makes the parts suitable for video signal switching. 
CMOS construction 
ensures ultralow power dissipation making 
the parts ideally suited for portable and battery powered 
instruments. 


Low RoN 


4. Trench isolation guards against latch up. 


5. Single Supply Operation 
For applications where the analog signal is unipolar, the 
ADG411/ADG4l2 
can be operated from a single rail power 
supply. 


Both the ADG411 and the ADG4l2 contain four independent 
SPST switches. They differ only in that the digital control logic 
is inverted. Each switch conducts equally well in both directions 
when ON and has an input signal range which extends to the 
supplies. In the OFF condition signal levels up to the supplies 
are blocked. All switches exhibit break before make switching 
action for use in multiplexer applications. Inherent in the design 
is low charge injection for minimum transients when switching 
the digital inputs. 


ADG411 
IN 
o 
1 


ADG412 
IN 


1 
o 


Switch 
Condition 
ON 
OFF 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


ADG411/ADG412 -SPECIFICATIONS 
~~h~~iS;~:t:d~sS 
= -15 V, V 
L = +5 V, GND = 0 V, unless 


B Version 
T Version 
-40°C to 
-55°C to 
Test Conditions! 
Parameter 
25°C 
+ 85°C 
25°C 
+125°C 
Units 
Comments 


ANALOG SIGNAL RANGE 
Voo to Vss 
Voo to Vss 
V 


RoN 
25 
25 
ntyp 
Vo = ±8.5 V, Is = -10 mA 
35 
45 
35 
45 
nmax 


LEAKAGE CURRENTS 
Voo = +16.5 V, Vss = -16.5 
V 


Source OFF Leakage Is (OFF) 
±O.I 
±O.I 
nA typ 
Vo = ±15.5, Vs = +15.5 V 


±0.25 
±20 
±0.25 
±20 
nA max 


Drain OFF Leakage 10 (OFF) 
±O.I 
±O.I 
nA typ 
Vo = ±15.5, Vs = +15.5 V 


±0.25 
±20 
±0.25 
±20 
nA max 
Channel ON Leakage 
10 (ON) + Is (ON) 
±O.I 
nA typ 
Vo=Vs=±15.5V 


±0.4 
±40 
±40 
nA max 


DIGITAL 
INPUTS 
Input High Voltage, VINH 
2.4 
2.4 
Vmin 
Input Low Voltage, V1NL 
0.8 
0.8 
Vmax 


Input Current 
IINL or IINH 
0.005 
0.005 
VIN = V1NLor V1NH 
±0.5 
±0.5 


DYNAMIC CHARACTERISTICS2 


tON 
110 
110 
ns typ 
RL = 300 n , CL = 35 pF 
175 
ns max 
Vs = ±IOV 


taFF 
100 
nstyp 
RL = 300 n , CL = 35 pF 
ns max 
Vs = ±IO V 
Charge Injection 
5 
pC typ 
Vs = 0 V, Rs = 0 n, 
CL = 10 nF 
OFF Isolation 
68 
dB typ 
RL = 50 n, CL = 5 pF, f = I MHz 


Channel-to-Channel 
Crosstalk 
85 
dB typ 
RL = 50 n, CL = 5 pF, f = I MHz 


CS (OFF) 
9 
pF typ 
f=IMHz 


CD (OFF) 
9 
pF typ 
f=IMHz 


CD + CS (ON) 
35 
pF typ 
f=IMHz 


POWER REQUIREMENTS 
Voo = +16.5 V, Vss = -16.5 
V 
Digital Inputs = 0 V or 5 V 
100 
0.0001 
0.0001 
•.•.A typ 
I 
I 
5 
•.•.Amax 
Iss 
0.0001 
0.0001 
•.•.A typ 
I 
I 
5 
•.•.Amax 


IL 
0.0001 
0.0001 
I 
I 
•.•.Amax 


NOTES 
ITemperature 
ranges 
are as follows: 
B Versions: 
-40°C 
(0 +8SoC; 
T Versions: 
-55°C 
to + 125°C. 


2Sample 
tested @+25OC to ensure 
compliance. 


Specifications 
subject 
to change 
without 
notice. 
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IIlIIIIIII ANALOG 
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FEATURES 
44 V Supply 
Maximum 
Ratings 
±15 V Analog 
Signal 
Range 
Low 
On Resistance 
«85 
fi) 
Low 
Power 
Dissipation 
«1.6 
mW) 
Fast Switching 
Times 
tON < 250 ns 
tOFF < 120 ns 
Latch 
Up Proof 
Plug-In 
Upgrade 
for 
DG201A/ADG201A,DG202/ADG202A 
Plug-In 
Replacement 
for 
DG441/DG442 


LC2MOS 
Quad SPST Switches 


ADG441/ADG442 
I 


S1 
S1 


01 
01 


S2 
S2 


IN2 


02 
02 


S3 
S3 


IN3 


03 
03 


S4 
S4 


IN4 


04 
04• 


This information 
applies to a product 
under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 
Analog 
Devices assumes no obligation 
regarding future manufacture 
unless otherwise 
agreed to in writing. 


ADG441 
In 
o 
I 


ADG442 
In 
I 
o 


Switch 
Condition 
ON 
OFF 


APPLICATIONS 
Audio 
and Video 
Switching 


Automatic 
Test 
Equipment 
~ 


Data Acquisition 
Systems 
~ 


Battery 
Powered 
Systems 
~ 
NC, 


Sample 
Hold 
Systems 


Communication 
Systems 
G' 
~~ 


GENERAL 
DESCRIPTION 
••.~ 
~ 
..••••• 


The ADG441 and ADG442 are monolithic "MOSdeyices 
~ 


comprising four independently 
selectable switch s. \Fh€y 
reo 
~h. 
, 


designed on an enhanced LC2MOS, 
trench isolll!ed 
ss 
which provides low power dissipation yet gives h'igh switching 
speed and low on resistance. The on resistance profile is very 
flat over the full analog input range ensuring good linearity and 
low distortion when switching audio signals. Trench isolation 
gives all the benefits of dielectric isolation and ensures no latch 
up even under extreme overvoltage conditions. High switching 
speed also makes the parts suitable for video signal switching. 
CMOS construction 
ensures low power dissipation making the 
parts suitable for portable and battery powered instruments. 
The ADG44I/ADG442 
are also pin compatible with ADG20lAl 


DG20IA, 
ADG202A1DG202 
devices thereby offering easy sys- 
tem upgrading. 


Both the ADG441 and the ADG442 contain four independent 
SPST switches. They differ only in that the digital control 
logic is inverted. Each switch conducts equally well in both 
directions when ON and has an input signal range which 
extends to the supplies. In the OFF condition signal levels up 
to the supplies are blocked. All switches exhibit break-before- 
make switching action for use in multiplexer applications. 
Inherent in the design is low charge injection for minimum 
transients when switching the digital inputs. 


PRODUCT 
HIGHLIGHTS 
I. Extended Signal Range 
The ADG4411ADG442 are fabricated on an enhanced 
LC2 MOS process giving an increased signal range which 
extends to the supply rails. 


2. Low Power Dissipation 


3. Low RON 


4. Trench isolation guards against latch up. 


-40°C to 
-55°C to 
Parameter 
+25°C 
+ 85°C 
+25°C 
+ 125°C 
Units 
Test Conditions/Comments 


Analog Signal Range 
±15 
±15 
±15 
±15 
V 
RoN 
85 
100 
85 
100 
nmax 
Vo = ±8.5 V, Is = -10 mA 


LEAKAGE CURRENTS 
Voo = +16.5 V, Vss = -16.5 
V 
Source OFF Leakage Is (OFF) 
0.25 
20 
0.25 
20 
nA max 
Vo = ±15.5 V, Vs = :;:15.5 V 
Drain OFF Leakage 10 (OFF) 
0.25 
20 
0.25 
20 
nA max 
Vo = ±15.5 V, Vs = :;:15.5 V 
Channel ON Leakage 10 (ON), Is (ON) 
0.4 
40 
0.4 
40 
nAmax 
Vo = Vs = ±15.5 V 


DIGITAL 
INPUTS 
Input High Voltage, V1NH 
2.4 
2.4 
Vrnin 
Input Low Voltage, V1NL 
0.8 
0.8 
Vmax 
Input Current 
IINL or IINH 
±0.5 
±0.5 
fLAmax 


DYNAMIC CHARACTERISTICS2 
RL = I kn, 
CL = 35 pF, Vs = ±IO V 
tON 
250 
250 
ns max 
tOFF 
120 
120 
ns max 
ADG441 
toFF 
170 
170 
ns max 
1DG442 
Charge Injection 
1 
5 = 0 V, Rs = 0 n, CL = 1 nF 
OFF Isolation 
60 
= 50 n, CL = 5 pF, f = 1 MHz 
Channel-to-Channel 
Crosstalk 
100 
RL = 50 n, CL = 5 pF, f = I MHz 
Cs (OFF) 
4 
Co (OFF) 
4 
Co, Cs (ON) 
16 


POWER REQUIREMENTS 
Voo = +16.5 V, Vss = -16.5 
V 
Digital Inputs = 0 V or 5 V 


NOTES 
'Temperature ranges are as follows: B Versions: -40°C 
to + 


2Sample tested @ +25°C to ensure compliance. 


Specifications 
subject 
to change 
without 
notice. 
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FEATURES 
44 V Supply 
Maximum 
Ratings 
±15 
V Analog 
Signal 
Range 
Low 
On Resistance 
«8001 
Ultralow 
Power 
Dissipation 
(35 •.•.Wl 
Fast 
Switching 
Times 


tON < 250 ns 
toFF < 120 ns 
Latch 
Up Proof 
Plug-In 
Upgrade 
for 
DG211/ADG211A, 
DG212/ADG212A 
Plug-In 
Replacement 
for 
DG411/DG412 


APPLICATIONS 
Audio 
and 
Video 
Switching 
Automatic 
Test 
Equipment 
Precision 
Data 
Acquisition 
Battery 
Powered 
Systems 
Sample 
Hold 
Systems 
Communication 
Systems 


HIGHLIGHTS 


. Extentle.s 
al Range 
e\f\D 
1\DG445 are fabricated on an enhanced 


2M 
S trench isolated process giving an increased signal 
an e which extends to the supply rails. 


Ultralow Power Dissipation 


Low RoN 


Trench isolation guards against latch up. 


Single Supply Operation 
For applications where the analog signal is unipolar the 
ADG444/445 can be operated from a single rail power 
supply. 


GENERAL 
DESCRIPTION 
The ADG444 and ADG445 are mo 
Ii 
i 
comprising four independently 
select 
e switch 
. 
designed on an enhanced LC2MOS, 
trench i 01 ted 
ss 
which provides low power dissipation yet gives 
. h switching 


speed and low on resistance. The on resistance profile is very 
flat over the full analog input range ensuring good linearity and 
low distortion when switching audio signals. Trench isolation 
gives all the benefits of dielectric isolation and ensures no latch 
up even under extreme overvoltage conditions. High switching 
speed also makes the parts suitable for video signal switching. 
CMOS construction 
ensures ultralow power dissipation making 
the parts ideally suited for portable and battery powered 
instruments. 


Both the ADG444 and the ADG445 contain four independent 
SPST switches. They differ only in that the digital control logic 
is inverted. Each switch conducts equally well in both directions 
when ON and has an input signal range which extends to the 
supplies. In the OFF condition signal levels up to the supplies 
are blocked. All switches exhibit break-before-make 
switching 
action for use in multiplexer applications. 
Inherent in the design 
is low charge injection for minimum transients when switching 
the digital inputs. 


ADG444 
ADG445 
Switch 
In 
In 
Condition 


0 
I 
ON 
I 
0 
OFF 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed 
to in writing. 


ADG444/ADG445 -SPECIFICATIONS 
1 ~~;~d~ +15 V, Vss = -15 V, GND = 0 V, unlessotherwise 


B Version 
T Version 
-40°C to 
-55°C to 
Test Conditions! 
Parameter 
+25°C 
+ 85°C 
+25°C 
+ 125°C 
Units 
Comments 


Analog Signal Range 
±15 
±15 
±15 
±15 
V 
RoN 
80 
100 
80 
100 
nmax 
Vo = ±8.5 V, Is = -10 mA 


LEAKAGE CURRENTS 
Voo = +16.5 V, Vss = -16.5 
V 
Source OFF Leakage Is (OFF) 
0.01 
0.01 
nA typ 
Vo = ±15.5 V, Vs = :;:15.5 V 
0.5 
20 
0.5 
20 
nA max 
Drain OFF Leakage 10 (OFF) 
0.1 
0.1 
nA typ 
Vo = ±15.5 V, Vs = :;:15.5 V 


0.25 
20 
0.25 
20 
nA max 
Channel ON Leakage 10 (ON), Is (ON) 
0.1 
0.1 
nA ryp 
Vo = Vs = ±15.5 V 


0.5 
40 
0.5 
40 
nAmax 


DIGITAL 
INPUTS 
Input High Voltage, VtNH 
2.4 
2.4 
Vmin 
Input Low Voltage, V1NL 
0.8 
0.8 
Vmax 
Input Current 
IINL or IINH 
±0.5 
±0.5 
•.•.Amax 


DYNAMIC CHARACTERISTICS2 


tON 
110 
110 
RL = 300 n, CL = 35 pF 
175 
Vs = ±10V 


loFF 
100 
100 
RL = 300 n, CL = 35 pF 
145 
Vs = ±IOV 


Charge Injection 
Vs = 0 V, Rs = 0 n, CL = 1 nF 
OFF Isolation 
L = 50 n, CL = 5 pF, f = 1 MHz 


Channel-to Channel Crosstalk 
RL = 50 n, CL = 5 pF, f = I MHz 
Cs (OFF) 
Co (OFF) 
Co, Cs (ON) 


POWER REQUIREMENTS 
Voo = +16.5 V, Vss = -16.5 
V 


Digital Inputs = 0 V or 5 V 
100 
•.•.A typ 
5 
•.•.Amax 
Iss 
•.•.A typ 
5 
•.•.Amax 
IL 


5 
•.•.Amax 


NOTES 
ITemperature ranges are as follows: B Versions: -40°C 
to +85°C; S Versions: -55°C 
to + 12SOC. 


2Sample tested @ +25°C to ensure compliance. 


Specifications subject 
(0 change without notice. 


PIN CONFIGURATION 
(DIP/SOIC) 
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-"ANALOG 
WDEVICES 
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FEATURES 
44V Supply Maximum Rating 
Vss to Voo Analog Signal Range 
Single/Dual Supply Specifications 
Wide Supply Ranges (10.8V to 16.5V) 
Extended Plastic Temperature Range 
(-40°C to +85°C) 
Low Power Dissipation (28mW maxI 
Low Leakage (20pA typ) 
Available in 28-Lead DIP, SOIC, PLCCand 
LCCCPackages 
Superior Alternative to: 


DG506A, HI·506 
DG507A, HI-507 


GENERAL 
DESCRIPTION 
The ADG506A and ADG507 A are CMOS monolithic analog 
multiplexers with 16 channels and dual 8 channels respectively. 
The ADG506A switches one of 16 inputs to a common output 
depending on the state of four binary addresses and an enable 
input. The ADG507 A switches one of 8 differential inputs to a 
common differential output depending on the state of three 
binary addresses and an enable input. Both devices have TTL 
and 5V CMOS logic compatible digital inputs. 


The ADG506A and ADG507 A are designed on an enhanced 
LC2MOS process which gives an increased signal capability of 
Vss to VDO and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
1O.8V to l6.5V single or dual supply range. These multiplexers 
also feature high switching speeds and low RoN' 


PRODUCT 
HIGHLIGHTS 
I. Single/Dual Supply Specifications with a Wide Tolerance: 


The devices are specified in the IO.8V to l6.5V range for 
both single and dual supplies. 


2. Extended Signal Range: 
The enhanced LC2MOS processing results in a high breakdown 
and an increased analog signal range of Vss to VDO. 


3. Break-Before-Make 
Switching: 


Switches are guaranteed break-before-make 
so that input 
signals are protected against momentary shorting. 


4. Low Leakage: 


Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision circuits. 


CMOS 
8/16 Channel Analog Multiplexers 


ADG506A1 ADG507 A 
I 


• 
Temperature 
Package 
Modell 
Range 
Option2 


ADG506AKN 
- 40°C to + 85°C 
N-28 


ADG506AKR 
- 40°C to + 85°C 
R-28 
ADG506AKP 
- 40°C to + 85°C 
P-28A 


ADG506ABQ 
- 40°C to + 85°C 
Q-28 


ADG506ATQ 
- 55°C to + 125°C 
Q-28 


ADG506ATE 
- 55°Cto + 125°C 
E-28A 


ADG507AKN 
- 40°C to + 85°C 
N-28 


ADG507AKR 
-40°cto 
+ 85°C 
R-28 


ADG507AKP 
- 40°C to + 85°C 
P-28A 
ADG507ABQ 
- 40°C to + 85°C 
Q-28 


ADG507ATQ 
- 55°C to + 125°C 
Q-28 


ADG507ATE 
- 55°C to + 125°C 
E-28A 


NOTES 
'To order MIL-STD-883, 
Class B processed parts, add /883B 
to part number. See Analog Devices Military Products 
Databook (1990) for military data sheet. 
'N 
~ Plastic DIP; R ~ 0.3" Small Outline IC (SOIC); 


P = Plastic Leaded Chip Carrier (PLCC); Q ~ Cerdip; 
E = Leadless Ceramic Chip Carrier (LCCC). For outline 
information see Package Information section. 


, 


ADGS06A 
ADGS06A 
ADGS06A 
L 
---.::=- 


ADGS07A 
ADGS07A 
ADGS07A 
KVenion 
BVenioD 
TVenion 


-40"Cto 
-4O'Cto 
-SS"Cto 


Parameter 
+2S·C 
+SS·C 
+2S·C 
+SS·C 
+2S·C 
+12S·C 
Units 
Comments 


ANALOG SWITCH 
Analog SignalRange 
Vss 
Vss 
Vss 
Vss 
Vss 
Vss 
Vmin 
Voo 
Voo 
Voo 
Voo 
Voo 
Voo 
Vmax 


RoN 
2S0 
280 
280 
Otyp 
-IOV"'Vs"'+ 
10V,Ios= lmA;TestCircuitl 
4S0 
600 
450 
600 
4S0 
600 
Omax 
300 
400 
300 
400 
Omax 
Voo~ 15V(± 10%),Vss= -15V(± 
10%) 
300 
400 
Omax 
Voo= 15V(±5%), Vss~ -15V(±5%) 


RoN Drift 
0.6 
0.6 
0.6 
%f'Ctyp 
-IOV",Vs'" 
+ 10V,IDS= lmA 
RoN Match 
5 
5 
5 
%typ 
-IOV",Vs'" 
+ IOV,IDS~ lmA 


Is (OFF), Offlnput Leakage 
0.02 
0.02 
0.02 
nAtyp 
VI = ± IOV, V2= 
+10V;TestCircuit2 
I 
50 
I 
50 
I 
50 
nAmax 


Io(OFF), Off Output Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI = ± IOV,V2= • 10V;Test Circuit 3 
ADG506A 
I 
200 
I 
200 
I 
200 
nAmax 
ADG507A 
I 
100 
I 
100 
I 
100 
nAmax 


10(ON), On Channel Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI ~ ± IOV,V2~ • 10V;Test Circuit 4 
ADG506A 
I 
200 
I 
200 
I 
200 
nAmax 
ADG507A 
I 
100 
I 
100 
I 
100 
nAmax 
IDlFFJ Differential OtfOutput 
Leakage (ADG507A only) 
25 
25 
25 
nAmax 
VI = ± 10V,V2~ .IOV;TestCircuil5. 


DIGITAL CONTROL 
V1NHJ Input High Voltage 
2.4 
2.4 
2.4 
Vmin 


V1NLJ Input Low Voltage 
0.8 
0.8 
0.8 
Vmax 


IINLorIINH 
I 
I 
I 
fLAmax 
VIN= 
=OtoVOD 
C1N Digital Input Capacitance 
8 
8 
8 
pFmax 


DYNAMIC CHARACTERISTICS 


tlllANSmON , 
200 
200 
200 
ns typ 
VI= ± IOV,V2= + 10Vj Test Circuit 
6 
300 
400 
300 
400 
300 
400 
nsmax 


!oPEN, 
50 
50 
50 
nstyp 
Test Circuit 7 
25 
10 
25 
10 
25 
10 
nsmin 


!oN(EN)' 
200 
200 
200 
ns typ 
Test CircuitS 
300 
400 
300 
400 
300 
400 
nsmax 


!oFF(EN)' 
200 
200 
200 
ns typ 
Tesl Circuit 8 
300 
400 
300 
400 
300 
400 
nsmax 


OFF Isolation 
68 
68 
68 
dBtyp 
VEN~0.8V,RL= 
IkI1,CL= 15pF, 
50 
50 
50 
dBmin 
Vs~7Vrms,f= 
100kHz, 


Cs(OFF) 
5 
5 
5 
pFtyp 
VEN=0.8V 
Co (OFF) 


ADG506A 
44 
44 
44 
pFtyp 
VEN=0.8V 
ADG507A 
22 
22 
22 
pFtyp 
QINJJ Charge Injection 
4 
4 
4 
pCtyp 
Rs =OO,Vs = OV;Test Circuit 9 


POWER SUPPLY 
100 
0.6 
0.6 
0.6 
mAtyp 
VIN=VINLorVINH 
1.5 
1.5 
1.5 
mAmax 


Iss 
20 
20 
20 
fLAtyp 
VIN=VINLOrVINH 
0.2 
0.2 
0.2 
mAmax 


Power Dissipation 
10 
10 
10 
mWtyp 
28 
28 
28 
mWmax 


NOTE 
'Sample tested at 2SOC(oemure 
compliance. 


Specificatioos 
subject tochaDBewitbout 
DOticc. 


ADGS06A 
ADGS06A 
ADGS06A 
ADGS07A 
ADGS07A 
ADGS07A 
KVersion 
BVersion 
TVersion 


-4O"Cto 
-4O"Cto 
-SS·Cto 
Parameter 
+2S"C 
+8S·C 
+2S·C 
+8S·C 
+2S·C 
+12S·C 
Units 
Comments 


ANALOG 
SWITCH 
Analo8 
Signal Range 
Vss 
Vss 
Vss 
Vss 
Vss 
,Nss 
Vmin 


Voo 
Voo 
Voo 
Voo 
Voo 
Voo 
Vmax 
RoN 
500 
500 
500 
fityp 
OVsVss 
+ lOV, IDS=O.5mA;TestCircuit 
1 
700 
1000 
700 
1000 
700 
1000 
fimax 
RoN Drift 
0.6 
0.6 
0.6 
%I"Ctyp 
OV""Vs"" 
+ 10V,IDS =0.5mA 
RoN Match 
5 
5 
5 
%typ 
OV""Vs""+ 
IOV,Ios~0.5mA 


Is (OFF), 
Off Input 
Leakage 
0.02 
0.02 
0.02 
nAtyp 
VI ~ + IOV/OV, V2=OV/+ 
10V; 
I 
50 
I 
50 
I 
50 
nAmax 
Test Circuit 2 


10 (OFF), 
Off Output 
Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI ~ + IOV/OV, V2~OV/+ 
IOV; 
ADG506A 
I 
200 
I 
200 
I 
200 
nAmax 
Test Circuit 
3 
ADG507A 
I 
100 
I 
100 
I 
100 
nAmax 


10 (ON), 
On Channel 
Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI~ 
+IOV/OV, 
V2=OV/+IOV; 
ADG506A 
I 
200 
I 
200 
I 
200 
nAmax 
Test Circuit 4 
ADG507A 
I 
100 
I 
100 
I 
100 
nAmax 
I01FF, Differential Off Output 
VI~ 
+ IOV/OV, 
V2~OV/+ 
10V; 


Leakage 
(ADG507 
A only) 
25 
25 
25 
nAmax 
Test Circuit 5. 


DIGITAL 
CONTROL 
VINH, Input 
High Voltage 
2.4 
2.4 
2.4 
Vmin 
VINL, Input Low VQltage 
0.8 
0.8 
0.8 
Vmax 


[INLorIINH 
I 
I 
I 
ILAmax 
V1N=OtOVDD 


CIN Digital Input Capacitance 
8 
8 
8 
pFmax 


DYNAMIC 
CHARACTERISTICS 


< 


(TRANSITION I 
300 
300 
300 
nstyp 
VI = + 10V/OV, V2=OV/+ 
IOV; Test Circuit 
6 
450 
600 
450 
600 
450 
600 
nsmax 


!oPEN, 
50 
50 
50 
nstyp 
Test Circuit 7 
25 
10 
25 
10 
25 
10 
nsmin 


IoN(EN)1 
250 
250 
250 
nstyp 
Test Circuit 8 
450 
600 
450 
600 
450 
600 
nsmax 


IoFF(EN)' 
250 
250 
250 
os ryp 
TcstCircuit 8 
450 
600 
450 
600 
450 
600 
nsmax 


OFF 
Isolation 
68 
68 
68 
dBtyp 
VEN~0.8V,RL 
~ Ikfi,CL 
~ 15pF, 


50 
50 
50 
dBmin 
Vs~3.5Vrms,f~ 
100kHz 


Cs(OFF) 
5 
5 
5 
pFtyp 
VEN~0.8V 
Co (OFF) 


ADG506A 
44 
44 
44 
pFtyp 
VEN~0.8V 
ADG507A 
22 
22 
22 
pFtyp 
QINJ, Charge Injection 
4 
4 
4 
pCtyp 
Rs =OO,Vs =OV; Test Circuit 9 


POWER 
SUPPLY 
100 
0.6 
0.6 
0.6 
mAtyp 
VIN=VINLorVINH 
1.5 
1.5 
1.5 
mAmax 


Power Dissipation 
10 
10 
10 
mWtyp 
25 
25 
25 
mWmax 


NOTE 
'Sample tested at 25"<:to ensure 
compliance. 
Specifications subject to change without notice. 


• 


ON 
A3 
A2 
AI 
A' 
EN 
SWITCH 


X 
X 
X 
X 
• 
NONE 
• 
• 
• 
• 
I 
I 
• 
0 
0 
I 
I 
1 


0 
0 
I 
0 
I 
3 


0 
0 
I 
I 
I 
• 
0 
I 
0 
0 
I 
, 


0 
I 
0 
I 
I 
6 


0 
I 
I 
• 
I 
7 


0 
I 
1 
1 
I 
• 
I 
0 
• 
• 
I 
, 


1 
• 
• 
I 
I 
10 


1 
• 
I 
0 
1 
JJ 
I 
• 
I 
, 
1 
Jl 
, 
I 
• · 
I 
B 
, 
I 
0 
I 
1 
" 
I 
1 
I 
0 
1 
" 
1 
I 
1 
1 
I 
16 


ON 


SWITCH 
A2 
Al 
A' 
EN 
PAIIl 


X 
X 
X 
0 
NONE 


0 
0 
0 
1 
, 
• 
0 
1 
I 
1 
• 
I 
0 
I 
3 
• 
I 
I 
, 
• 
I 
0 
0 
1 
, 


I 
0 
1 
I 
6 
I 
1 
0 
I 
7 


1 
1 
I 
I 
• 


Digital Inputs! 
Voltage at A, EN 
ABSOLUTE 
MAXIMUM 
RATINGS· 
(T A =25°C unless otherwise noted) 


Power Dissipation (Any Package) 
Up to + 750C . . . . . . 
Derates above + 750C by 
Operating Temperature 
Commercial (K Version) 
Industrial (B Version) .. 
Extended (T Version) .. 
Storage Temperature 
Range 
Lead Temperature (Soldering, 100ecs) 


NOTE 
'OvervolrageatA,EN, SorDwillbeclampedbydiodes.Cu=t 
shouldbe 
limitedtotheMaximumRatingabove. 


'COMMENT: Stressesabovethoselistedunder "AbsoluteMaximumRatings"maycausepermanentdamageto the device.This is a stressratingonlyand 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure 
toabsolutemaximumratingconditionsforextended,periodsmayaffectdevicereliability. 


Voo to Vss 
. 
Vooto 
GND 
VSS to GND 
. 


Analog Inputs! 
Voltage at S, D 


.......... 
Vss -4V 
to 
Voo +4Vor 
20mA, Whichever Occurs First 
. 
44V 


. 
25V 
-25V 
470mW 
6mWf'C 


.......... 
Vss -2V 
to 
Voo+2Vor 
20mA, Whichever Occurs First 
.......... 
20mA 


- 400C to + 85°C 
- 40°C to + 85°C 
-55°C 
to + 125°C 
-65°C 
to + 150°C 
· 
+300OC 


Continuous 
Current, 
S or D 
Pulsed Current Sor D 
lms Duration, 
10% Duty Cycle 


CAUTION 
_ 


ESD (Electro-Static-Discharge) 
sensitive device. The digital control 
inputs 
are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electrostatic 
fields. Unused devices must be stored in conductive foam or shunts. The protective foam should be 
discharged to the destination socket before devices are removed. 


PIN CONFIGURATIONS 


DIP,SOIC 
LCCC 
PLCC 


!i !i 
8 
; ~ 
~ !i ~ 1 " ; 
III 
~ 
> " 
Vu 
. 3 
2 , 
28 
27 
26 
· 


3 
2 
21 
2S 
.. 
•• 


$15 
5 
-- 
2S S, 
S15 , 
2S S, 


514 
6 
.... 
.. 
513 
1 
2355 
55 
$12 
• 
ADGS06A 
22" 
AOG506A 
TOPvtEW 
TOP 
VIEW 
.. 
51' " 


INotto 
Sulel 
2153 
INotto 
Su"l 


53 
$1010 
3OS2 


S2 
59" 
19 $1 
S. 
11 
19 
51 
51 
12 
13 
14 
151617 
" 
" !i ~ ~ c ~ 
ffi 
12 
12 .. 
" 
17 
Z 
A. 
" 
" ~ 
~ 
~ 
He - 
NO 
CONNECT 
Z 
:l 
:; 
ffi 
" 
" 
NC 
•• 
NO 
CONNECT 


Ne 
•• 
NO 
CONNECT 


; ~ 
8 ~ : ~ 
; !i ~ 8 ~ : ~ 
~ > 
> 
~ 
" 
> 
> 
. J 
2 , 
21 21 21 
· 


J 
2 
1 
21 
21 
26 


S7B 
5 
-- 


2557A 
... , 
25 
57 • 
.... 
2456A 


SSB 1 
2355A 
AOG507A 
ADG507A 
.... 
TOP VIEW 
22 SeA 
TOP VIEW 


AOG507A 
s3B 
9 
INottusule' 
21s3A 
INottosuleJ 


TOP VIEW 
s2B10 
20s2A 
lNotto 
Scala' 


51B11 
19s1A 


518 
" 
19 S1A 


12 
13 
14 
151117 I. 
" ~ !i ~ c ~ ffi 
12 
13 ,. " ,. 
11 
II 
Z" 
" 
NC ,., NO CO'llNECT 
~ !i !i ~ :.; ~ ffi 


NC • NO CONNECT 


NC 
,. 


NC '"' NO CONNECT 


5-82 
CMOS 
SWITCHES 
& MUL T1PLEXERS 
REV. A 


Typical Performance 
Characteristics- 
ADG506A1ADG507A 


::400 
k 
II: 300 


RONas a Function of Vo(Vs): Dual Supply Voltage, 
TA = +25°C 


Leakage Current as a Function of Temperature 
(Note: Leakage Currents Reduce as the Supply Voltages 
Reduce) 


~ 
~ sooi 
J400 


tTRANSITION 
vs. Supply Voltage: Dual and Single Supplies, 
TA = +25°C 
(Note: For Voo and /Vss/ < 10V; V1 = VoolVs,s, 
V2 = VsslVoD- See Test Circuit 6) 


:: 
400 
,~ 
II: 300 


o 
-20 
-15 
-10 
-5 
0 


Vo(Vs) 
- Volts 
RONas a Function of Vo(Vs): Single Supply Voltage, 
TA = +25°C 
• 


Trigger Levels vs. Power Supply Voltage, Dual or Single 
Supply, TA = +25°C 


0.8 


0.• 
.. 
E,j 
0.' 


0.2 


9 
10 
11 
12 
13 
'4 
1S 
16 
17 


SUPPl 
V VOlTAGE- 
Volts 
100vs. Supply Voltage: Dual or Single Supply, TA 
+25°C 


Vl~ 


TEST CIRCUIT 
4 
10(ON) 


~ 
V2 


TEST CIRCUIT 
5 
IDIFF 


~ 
V2 


10iFF = IDA (OFF) -lOB 
(OFF) 


~ 
Vl 


TEST CIRCUIT 
6 
SWITCHING 
TIME OF MULTIPLEXER, 
tTRANsrnON 


3V __ 
I 
1 
ADDRESS 
-~ 
DiiivElV'NI 
OV~--'· 
}-- 


1 
1 
1 
1 


I 
1 
I 
1 


I 
1 
I 
--l 


A2 
S2 THRU S15 


Al 
S16 
AO ADG506A* 
EN 


TEST CIRCUIT 
7 
BREAK·BEFORE·MAKE 
DELAY, 
toPEN 


VOD 
Vss 


3V~DDRESS 
DRIVE (V'N) 


OV 
tF=UT 
I 
1 
--I 
t-- 


tOPEN 
..f.." 


2.4V 


S16 
AO ADG506A* 


EN 


TEST CIRCUIT 
8 
ENABLE DELAY, toN (EN), toFF(EN) 


3V~NABLE 
----- 
DRIVE (V'N) 
OV 
150% 
1 
I 
1 
1 
1 


~ 


90% 
1 
1 
OUTPUT 
: 
_I 
10% 


--l 
toN r-:t 
I 
(EN)-1I~rs,,- 


Vss 


A3 
S1 
+SV 


A2 


At 


AO 
ADG506A* 


EN 
D 
son 
3SpF 


TEST CIRCUIT 
9 
CHARGE INJECTION 
• 


SINGLE 
SUPPLY 
AUTOMATIVE 
APPLICATION 
The excellent performance 
of the multiplexers under single 
supply conditions makes the ADGS06A1ADGS07A suitable in 
applications, 
such as automotive and disc drives, where only 
positive power supply voltages are normally available. The fol- 
lowing application circuit shows the ADGS07 A connected as an 
8-channel differential 
multiplexer 
in an automotive, 
data acquis- 
ition application circuit. 


The AD7S80 is a lO-bit successive approximation 
ADC which 
has an on-chip sample-hold amplifier and provides a conversion 
result in 20",s. The ADC has a differential analog inputs and is 
configured in the application circuit for a span of 2.SV over a 
common-mode 
range 0 to + SV. Wider common-mode 
ranges 
can be accomodated. 
See the AD7S79/AD7S80 data sheet for 
more details. The complete system operates from + 12V (± 10%) 
and + SV supplies. The analog input signals to the ADGS07 A 
contain information 
such as temperature, 
pressure, 
speed etc. 


Voo 


V'N(+)A 


V,N(+)B 


ADG507A in a Single Supply Automotive Data Acquisition 
Application. 


TERMINOLOGY 


RoN 
Ohmic resistance between terminals D and S 
RoN Match 
Difference between the RoN of any two channels 
RoN Drift 
Change in RoN versus temperature 
Is (OFF) 
Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal S or D 
Channel input capacitance for "OFF" 
condition 
Channel output capacitance for "OFF" 
condition 
Digital input capacitance 
Delay time between the 50% and 90% points of 
the digital input and switch "ON" 
condition 


Vs (Vo) 
Cs (OFF) 
Co (OFF) 


CIN 
toN (EN) 


V'NL 
V'NH 
IINL (I,NHl 
Voo 
Vss 
100 
Iss 


Delay time between the 50% and 10% points of 
the digital input and switch "OFF" 
condition 
Delay time between the 50% and 90% points of 
the digital inputs and switch "ON" condition 
when switching from one address state to 
another 
"OFF" 
time measured between 50% points of 
both switches when switching from one address 
state to another 
Maximum input voltage for Logic "0" 
Minimum input voltage for Logic "1" 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply curren' 


IlIIIIIIIII ANALOG 
WDEVICES 


I 


FEATURES 
44V Supply Maximum Rating 
Vss to Voo Analog Signal Range 
Single/Dual Supply Specifications 
Wide Supply Ranges (10.8V to 16.5V) 
Extended Plastic Temperature Range 
(- 40°Cto +85°C) 
Low Power Dissipation (28mW maxI 
Low Leakage (20pA typl 
Available in 16-Lead DIP/SOICand 
20-Lead PLCC/LCCCPackages 
Superior Alternative to: 
DG508A, HI-508 
DG509A, HI-509 


GENERAL 
DESCRIPTION 
The ADGS08A and ADGS09A are CMOS monolithic analog 
multiplexers with 8 channels and dual 4 channels respectively. 
The ADGS08A switches one of 8 inputs to a common output 
depending on the state of three binary addresses and an enable 
input. The ADGS09A switches one of 4 differential inputs to a 
common differential output depending on the state of two binary 
addresses and an enable input. Both devices have TIL 
and SV 
CMOS logic compatible digital inputs. 


The ADGS08A and ADGS09A are designed on an enhanced 
LC2MOS process which gives an increased signal capability of 
Vss to VDD and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
1O.8V to l6.SV single or dual supply range. These multiplexers 
also feature high switching speeds and low RON. 


PRODUCT 
HIGHLIGHTS 
I. Single/Dual Supply Specifications with a Wide Tolerance: 


The devices are specified in the 1O.8V to l6.SV range for 
both single and dual supplies. 


2. Extended Signal Range: 
The enhanced LC2MOS processing results in a high breakdown 
and an increased analog signal range of Vss to VDD. 


3. Break-Before-Make 
Switching: 


Switches are guaranteed 
break-before-make 
so that input 
signals are protected against momentary shorting. 


4. Low Leakage: 


Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision circuits. 


CMOS 
4/8 Channel Analog Multiplexers 


ADG508A1 ADG509A 
I 


• 
Temperature 
Package 
Model' 
Range 
Option2 


ADGS08AKN 
-40°C to + 85°C 
N-16 
ADGS08AKR 
- 40°C to + 85°C 
R-16A 
ADGS08AKP 
- 40°C to + 85°C 
P-20A 
ADGS08ABQ 
- 40°C to + 85°C 
Q-16 
ADGS08ATQ3 
- 55°Cto + 125°C 
Q-16 
ADGS08ATE3 
- 55°Cto + 125°C 
E-20A 


ADGS09AKN 
- 40°C to + 85°C 
N-16 
ADGS09AKR 
- 40°C to + 85°C 
R-l6A 
ADGS09AKP 
-40°C to + 85°C 
P-20A 
ADGS09ABQ 
-40°C to + 85°C 
Q-16 
ADGS09ATQ 
- 55°Cto + 125°C 
Q-16 
ADGS09ATE 
- 55°Cto + 125°C 
E-20A 


NOTES 
'To order MIL-STD-883, 
Class B processed parts, add 


/883B to part number. See AnalOSDevices Military 
Products Databook (1990) for military data sheet. 
'E ~ Leadless Ceramic Chip Carrier (LCCC); N ~ 
Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); 
Q ~ Cerdip; R ~ 0.15" Small Outline IC (SOIC). 
For outline information see Package Information section. 


ADG508A1ADG509A - 
SPECIFICATIONS 
Dual Supply 
(VDD = +IO.8Vto + 16.5V,Vss= -IO.8V to -16.5V unless otherwise noted.) 


ADG5DSA 
ADG50SA 
ADG508A 


I 


ADG509A 
ADG509A 
ADG509A 
KVenioD 
aVersion 
TVenioD 


-40"<:10 
-40"<:10 
-55·Clo 
Parameter 
+25OC 
+S5OC 
250C 
+S5OC 
+25OC 
+125OC 
Units 
Comments 


ANALOG 
SWITCH 
Anal08 Sisna1 Range 
Vss 
Vss 
Vss 
Vss 
Vss 
Vss 
Vmin 
Voo 
Voo 
Voo 
Voo 
Voo 
Voo 
Vmax 


RoN 
2g0 
280 
280 
II typ 
-lOV~Vs~ 
+ JOV,Ins= 
ImAj Test Circuit 
1 
450 
600 
450 
600 
450 
600 
Hmax 
300 
400 
300 
400 
Hmax 
Voo= 
15V( ± 10%), Vss= 
-15V(± 
10%) 
300 
400 
llmax 
Voo= 
15V( ± 5%), Vss= 
-15V( 
± 5%) 


RoN Drift 
0.6 
0.6 
0.6 
%rCtyp 
Vs=O,Ios~ 
ImA 
RoN Match 
5 
5 
5 
%typ 
-IOV"Vs" 
+ IOV, Ios~ 
ImA 


Is (OFF), 
Off Input 
Leakage 
0.02 
0.02 
0.02 
nAtyp 
VI =:t IOV, V2= 
::t:IOV;TestCiccuit2 


I 
50 
I 
50 
I 
50 
nAmax 


10 (OFF), 
Off Output 
Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI = ± IOV, V2= 
+: lOV; Test Circuit 
3 
ADG508A 
I 
100 
I 
100 
I 
100 
nAmax 
ADG509A 
1 
50 
I 
50 
I 
50 
nAmax 


10 (ON), 
On Channel 
Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI = ± IOV, V2 = 
=+= tOV; Test Circuit 4 
ADG508A 
I 
100 
I 
100 
I 
100 
nAmax 
ADG509A 
I 
50 
I 
50 
I 
50 
nAmax 
IDIFFJ Differential 
Off Output 
Leakage 
(ADG509A 
only) 
25 
25 
25 
nAmax 
VI = ± lOV, V2= + lOV; Test Circuit 
5. 


DIGITAL 
CONTROL 
V1NH, Input 
High Voltage 
2.4 
2.4 
2.4 
Vmin 
V1NL, Input 
Low Voltage 
0.8 
0.8 
0.8 
Vmax 


IINLorIINH 
I 
I 
I 
f,LAmax 
V1N=OtOVOD 


(IN Digital 
Input 
Capacitance 
8 
8 
8 
pFmax 


DYNAMIC 
CHARACTERISTICS 


(TRANsmoN 
I 
200 
200 
200 
nstyp 
VI = ± IOV, V2 = 
=+= IOV; Test Circuit 6 
300 
400 
300 
400 
300 
400 
nsmax 


toPEN , 
50 
50 
50 
nstyp 
Test Cifcuit 
7 
25 
10 
25 
10 
25 
10 
nsmin 


toN (EN)I 
200 
200 
200 
nstyp 
Test Circuit 
8 
300 
400 
300 
400 
300 
400 
nsmax 


toFF(EN)' 
200 
200 
200 
nsryp 
Test Circuit 
8 
300 
400 
300 
400 
300 
400 
nsmax 


OFF 
Isolation 
68 
68 
68 
dBtyp 
VEN~0.8V,RL 
= Ikfi,CL 
= 15pF, 


50 
50 
50 
dBmin 
Vs=7Vrms,f= 
100kHz 


Cs(OFF) 
5 
5 
5 
pFtyp 
VEN~0.8V 
Co (OFF) 
ADG508A 
22 
22 
22 
pFtyp 
VEN~0.8V 
ADG509A 
11 
11 
11 
pFtyp 
Q'NI' Charge 
Injection 
4 
4 
4 
pCtyp 
Rs =on,vs =OV; Test Circuit 
9 


POWER 
SUPPLY 
100 
0.6 
0.6 
0.6 
mAtyp 
VIN=VINLorVINH 
1.5 
1.5 
1.5 
mAmax 


Iss 
20 
20 
20 
f,LAtyp 
VIN=VINLOrVINH 
0.2 
0.2 
0.2 
mAmax 


Power 
Dissipation 
10 
10 
10 
mWtyp 
28 
28 
28 
mWmax 


NOTE 
ISampJe 
tested 
at 25"C to ensure 
compliance. 


Specifications 
sub;ect 
locbange 
without 
notice. 


Single Supply (Voo = +10.8V to +16.5V, Vss = GND = DV unless otherwise 
noted.) 


ADGS08A 
ADGS08A 
ADGS08A 
ADGS09A 
ADGS09A 
ADGS09A 
KVersion 
BVenion 
TVersion 


-4O"Clo 
-4O"Clo 
-SS'Clo 
Parameter 
+2S'C 
+8S'C 
+2S'C 
+8S'C 
+2S'C 
+12S'C 
Units 
Comments 


ANALOG 
SWITCH 
Analog Signal Range 
GND 
GND 
GND 
GND 
GND 
GND 
Vmin 
Voo 
Voo 
Voo 
Voo 
Voo 
Voo 
Vmax 
RoN 
500 
500 
500 
lllyp 
GNDsVs:S 
+ IOV, Ins = O.5mA;TestCircuit 
I 
700 
1000 
700 
1000 
700 
1000 
Hmax 
RoN Drifl 
0.6 
0.6 
0.6 
%I"Ctyp 
Vs=O,los=0.5mA 
RoN Malch 
5 
5 
5 
%typ 
GND:sVs:S 
+ IOV) Ins = O.SmA 


Is (OFF), 
Offlnpul 
Leakage 
0.02 
0.02 
0.02 
nAtyp 
VI = + IOV/GND, 
V2 = GNDI + IOV; 


I 
50 
I 
50 
I 
50 
nAmax 
Test Circuit 
2 


10 (OFF), 
OffOUlPUI 
Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI = + IOV/GND, 
V2=GND/+ 
IOV; 
ADGS08A 
1 
100 
I 
100 
I 
100 
nAmax 
Test Circuit 
3 
ADGS09A 
1 
50 
I 
50 
I 
50 
nAmax 


10 (ON), 
On Channel 
Leakage 
0.04 
0.04 
0.04 
nAlyp 
VI = + IOV/GND, 
V2=GND/+ 
IOV; 


ADG508A 
I 
100 
I 
100 
I 
100 
nAmax 
Test Circuit 
4 
ADG509A 
I 
50 
I 
50 
I 
50 
nAmax 


IOIFFl Differential 
Off Output 
VI = + IOV/GND, 
V2=GND/+ 
10V; 
Leakage 
(ADG509A 
only) 
25 
25 
25 
nAmax 
Test Circuit s. 


DIGITAL 
CONTROL 
V1NHI Input 
High Voltage 
2.4 
2.4 
2.4 
Vmin 
V INLl Input 
Low Voltage 
0.8 
0.8 
0.8 
Vmax 


IINLor 
IINH 
I 
I 
I 
j.LAmax 
V1N=OtOVDD 
C1N Digital 
Input 
Capacitance 
8 
8 
8 
pFmax 


DYNAMIC 
CHARACTERISTICS 


t-TRANSITION 
I 
300 
300 
300 
nstyp 
VI = + IOV/GND, 
V2=GND/+ 
IOV; Test Circuit 
6 


450 
600 
450 
600 
450 
600 
nsmax 


toPEN I 
50 
50 
50 
nstyp 
Test Circuit 
7 
25 
10 
25 
10 
25 
10 
nsmin 


toN (EN)' 
250 
250 
250 
nstyp 
Test Circuit 
8 
450 
600 
450 
600 
450 
600 
nsmax 


toFF(EN)' 
250 
250 
250 
nstyp 
TestCircwt 
8 
450 
600 
450 
600 
450 
600 
nsmax 


OFF 
Isolation 
68 
68 
68 
dBlyp 
VEN=0.8V,RL 
= Ikll,CL 
= 15pF, 


50 
50 
50 
dBmin 
Vs=3.5Vrms,f= 
100kHz 


Cs(OFF) 
5 
5 
5 
pFtyp 
VEN=0.8V 
Co (OFF) 


ADG508A 
22 
22 
22 
pFtyp 
VEN=0.8V 
ADG509A 
II 
II 
II 
pFlyp 
QINJ' Charge 
Injection 
4 
4 
4 
pClYP 
Rs =on,vs =OV; Test Circuit 
9 


POWER 
SUPPLY 
100 
0.6 
0.6 
0.6 
mAlYP 
VIN=VINLorVINH 
1.5 
1.5 
1.5 
mAmax 


Power 
Dissipation 
10 
10 
10 
mWtyp 
25 
25 
25 
mWmax 


• 


NOTE 
'Sample 
tested 
at 2SOC to ensure 
compliance. 


Specifications 
subject 
to change 
without 
notice. 


A2 
Al 
AD 
EN 
ON SWITCH 


X 
X 
X 
0 
NONE 


0 
0 
0 
I 
I 


0 
0 
I 
I 
2 


0 
I 
0 
I 
3 


0 
I 
I 
I 
4 


I 
0 
0 
I 
5 


I 
0 
I 
I 
6 
I 
I 
0 
I 
7 


1 
I 
I 
I 
8 


ON 
SWITCH 
Al 
AD 
EN 
PAIR 


X 
X 
0 
NONE 


0 
0 
I 
I 


0 
I 
I 
2 
I 
0 
I 
3 


I 
I 
I 
4 


Voo to Vss 
Voo to GND 
Vss to GND 
. 


Analog Inputs' 
Voltage at S, D 


. 
44V 
. 
2SV 
-2SV 


Voo +4Vor 
20rnA, Whichever Occurs First 


Continuous 
Current, 
S or D 
Pulsed Current Sor D 
lms Duration, 
10% Duty Cycle 


......... 
Vss -2V 
to 
Voo +2Vor 
20rnA, Whichever Occurs First 


.......... 
20rnA 


Power Dissipation (Any Package) 
Up to + 7SoC . . . . . . 
Derates above + 7SoC by 
Operating Temperature 
Commercial (K Version) 
Industrial 
(B Version) . . 


Extended (T Version) .. 


Storage Temperature 
Range 


470mW 
6mWrC 


- 40°C to + 8SoC 
- 40°C to + 8SoC 
- SsoC to + l2SoC 
-6SoC to + IS0°C 


NOTE 
'Overvoltage 
at A, EN, 
S or D will be clamped 
by diodes. 
Current 
should 
be 
limited 
to the Maximum 
Rating 
above. 


*COMMENT: 
Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 


CAUTION 
ESD (electrostatic 
discharge) 
sensitive device. The digital control 
inputs 
are diode protect- 
ed; however, 
permanent 
damage may occur on unconnected 
devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protectivc 
foam should be discharged to the destination socket before devices are removed. 


PIN CONFIGURATIONS 


D1P,SOIC 
LCee 
PLee 


~ ~ ~ 
~~ :; ~ 
, 
3 
" 
" 


A, 
, 3 , 3. " 


V •• · 


GND 


V ••• 
,. 
18 
GND 


5' 
, 
11 
Voo 
" , 
v~ 


AOG508A 
AOGS08A 


16 
Ne 


NC · 


TOP 
VIEW 
" 


NC 


TOP 
VIEW 
INottoSulel 


52 
7 
INot10Sue' 
15 5S 
52 
7 
" 
S, 


5' 
• 
14 
56 
53 • 
50 


• ,." 
. " " " " 
~ 0 ~ ~ :;; 
He '" 
NO 
CONNECT 
~ 0 
u ~ :;; 
Ne 
"" 
NO 
CONNECT 
Z 


0 
0 
~ ~ ~ :; 
z 
~~ :; z 
c 
c 
, 3 , 3. " 
, 3 , 
3. " 


Vss• 
'. 


18 
Voo 


V •• · 
" 


V~ 


SlA 
5 
11 
51B 
"A , 
" 
518 
ADGS09A 
AOG50M. 


NC' 
TOPY1EW 
16 
NC 
AOG509A 
TOP VIEW 
NC • 
TOP VIEW 
,. 
NC 


INot10 
$ule) 
$2A 
7 
{Nol 
to$ue' 
15 528 
INot 
105&.1le' 


52A , 
'28 


53A 
8 
1. 
538 
53A · 
" 
'38 


DA 
. 
DB 
• " " " " 
~~~ " ! 
. ,. " 
" 
0 
NC = NO CONNECT 
~ 
~ 
! 
NC = 
NO CONNECT 


Typical Performance 
Characteristics - 
ADG508A1ADG509A 


Voo = J+ 10.8V 
Vss = 0 
f\v 'f 
A X 


Voo 
= 
+15V 


Vss = 0 
,-" 


:: 
400 
,~ 
a: 
300 


RONas a Function of Vo(Vs): Dual Supply Voltage, 
TA = +25°C 


Leakage Current as a Function of Temperature 
(Note: Leakage Currents Reduce as the Supply Voltages 
Reduce) 


C 


I 
500 


g~ 
1 


400 


8 
9 
10 
11 
12 
13 
14 
15 
SUPPlVVOLTAGE- 
Volts 
tTRANSITION 
vs. Supply Voltage: Dual and Single Supplies, 


TA = +25°C 
(Note: For Voo and /Vss/ < 10V; Vl = VoolVss- 
V2 = VsslVoD- See Test Circuit 6) 


::: 400 
,~ 


ex: 
300 


o 
-20 
-15 
-10 
-5 
0 


VoIVsl- 
Volts 


RONas a Function of Vo(Vs): Single Supply Voltage, 
TA = +25°C 
• 


Trigger Levels vs. Power Supply Voltage, Dual or Single 
Supply, TA = +25°C 


0.8 


0.0 


0( 
E, 
Jl 


0.' 


0.2 


-------- 
- 
/ --- 


, 
, 


9 
10 
11 
12 
13 
14 
15 
16 
17 


SUPPLY VOLTAGE 
- Volts 
100vs. Supply Voltage: Dual or Single Supply, TA = +25°C 


TEST 
CIRCUIT 
1 
TEST 
CIRCUIT 
2 
TEST 
CIRCUIT 
3 
RoN 
Is (OFF) 
10(OFF) 


IDS 
VDD 
VSS 
- 
VDD 
VSS 


VDD 
VSS 
V1 
VDD 
VSS 
0 


0 
+O.8V 
0 
Is (OFF) 
EN 
ID (OFF) 
+O.8V 
V1 -=- 
GND 
EN 


~ 
V1-=- 
V2-=- 
GND 
-=- V2 
Vs 


~ 
~ 
~ 


TEST 
CIRCUIT 
5 
TEST 
CIRCUIT 
4 
IOIFF 
10(ON) 
VDD 
Vss 
VDD 
Vss 


EN 
O.8V 


DA 
A 
0 


2.4V 
ADG509A 
EN 


V1~ 
GND 
DB 
A 
-=- V2 


~ 
GND 
~ 


V2 


~ 


V1 


TEST 
CIRCUIT 
6 
SWITCHING 
TIME 
OF MULTIPLEXER, 
h"RANSmON 


Voo 
Vss 


3V __ 
I 
I 
ADDRESS 
~E(V'N) 
OV 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
--j 


A2 
S1 


A1 
S2 THRU 57 


AO 
S8 
ADG508A* 
EN 


TEST 
CIRCUIT 
7 
BREAK·BEFORE·MAKE 
DELAY, 
toPEN 


Voo 
Vss 


\~UTg .u·/, 
OUTPI 


--I 
t-- 


tOPEN 


VDD 
Vss 
S1 
+5V 
A2 


A1 


AO 


2.4V 
EN 
35pF 


3V~ADDRESS 
DRIVE(V'N) 


OV 


TEST CIRCUIT 8 
ENABLE DELAY, toN (EN), toFF (EN) 


3V~NABLE 
----- 
DRIVE IV'N) 
OV 
ISO% 
I 
I 
I 


I 
I 
! 90%~ 
OUTPUT 
-l....J ! 
i 
~% 
I 
I 
--t 
tON I-- 
It 
I 


(EN) 
-11~r.;11- 


V,:V, 
r 
OV 
"------J J.. 


Vo 
~vor----..., 
I 
Rs 


I 
Vs 
I 
~--T--_J 
alNJ 
= CL x .1Vo 
'\J 
VIN 
Jl.. 


SINGLE SUPPLY OCTAL DAC APPLICATION 
The following circuit shows the ADG508A connected as a de- 
multiplexer 
to provide eight separate digitally programmable 
voltages (0 to + 10V) from the AD7245. The AD7245 is a complete 
l2-bit, voltage output 
DAC with output amplifier and Zener 


Voo 
Vss 


A2 
51 
+SV 


A1 


AO 
ADG508A* 


EN 
D 


SOli 
3SpF 


TEST CIRCUIT 9 
CHARGE INJECTION 
• 


voltage reference on a monolithic CMOS chip. The entire system 
operates from a single + 15V power supply. The ADG508A is 
ideally suited for the application because it has both low charge 
injection and Is (OFF) leakage current. 


58 


AO 
A1 
A2 


ADG508A 
in a Single-Supply 
Octal 
DAC Circuit 


CMOS 
SWITCHES 
& MUL TlPLEXERS 
5-93 


RoN 
RoN Match 
RoN Drift 
Is (OFF) 


Vs (Vo) 
Cs (OFF) 
Co (OFF) 


CIN 


toN (EN) 


Ohmic resistance between terminals D and S 
Difference between the RoN of any two channels 
Change in RoN versus temperature 
Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal S or D 
Channel input capacitance for "OFF" 
condition 
Channel output capacitance for "OFF" 
condition 
Digital input capacitance 
Delay time between the 50% and 90"10 points of 
the digital input and switch "ON" 
condition 


VINL 
VINH 
IINL (lINW 
Voo 
Vss 
100 
Iss 


Delay time between the 50% and 10% points of 
the digital input and switch "OFF" 
condition 
Delay time between the 50% and 90"/0 points of 
the digital inputs and switch "ON" condition 
when switching from one address state to 
another 
"OFF" 
time measured between 50% points of 
both switches when switching from one address 
state to another 
Maximum input voltage for Logic "0" 
Minimum input voltage for Logic" I" 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 


-"ANALOG 
L.lIII DEVICES 


I 


CMOS 
Latched 
8/16 
Channel 
Analog Multiplexers 


ADG526A1 ADG527 A 
I 


FEATURES 
44V Supply Maximum 
Rating 
Vss to VDD Analog Signal Range 
Single/Dual 
Supply Specifications 
Wide Supply Ranges 110.8V to 16.5V) 
Microprocessor 
Compatible 
(100ns WR Pulse) 
Extended Plastic Temperature 
Range 
(- 40°C to +85°C) 
Low Leakage (20pA typ) 
Low Power Dissipation 
(28mW maxI 
Available 
in DIP, SOIC, PLCC and LCCC Packages 
Superior Alternative 
to: 
DG526 
DG527 


GENERAL DESCRIPTION 
The ADG526A and ADG527A are CMOS monolithic analog 
multiplexers with 16 channels and dual 8 channels respectively. 
On-chip latches facilitate microprocessor interfacing. The 
ADG526A switches one of 16 inputs to a common output de- 
pending on the state of four binary addresses and an enable 
input. The ADG527 A switches one of 8 differential inputs to a 
common differential output depending on the state of three 
binary addresses and an enable input. Both devices have TTL 
and 5V CMOS logic compatible digital inputs. 


The ADG526A and ADG527 A are designed on an enhanced 
LC2 MOS process which gives an increased signal capability of 
Vss to VDD and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
1O.8V to 16.5V single or dual supply range. These multiplexers 
also feature high switching speeds and low RoN. 


SI 
I' 


"'I'I,.,. 


"'I 
516 
I 
• 
PRODUCT HIGHLIGHTS 
1. Single/Dual Supply Specifications with a Wide Tolerance: 


The devices are specified in the IO.8V to 16.5V range for 
both single and dual supplies. 


2. Easily Interfaced: 
The ADG526A and ADG527A can be easily interfaced with 
microprocessors. 
The WR signal latches the state of the 
Address control lines and the Enable line. The RS signal 
clears both the address and enable data in the latches resulting 
in no output (all switches off). RS can be tied to the micro- 
processor 
reset pin. 


3. Extended Signal Range: 


The enhanced LC2MOS processing results in a high breakdown 
and an increased analog signal range of Vss to VDD. 


4. Break-Before-Make 
Switching: 


Switches are guaranteed break-before-make 
so that input 
signals are protected against momentary shorting. 


5. Low Leakage: 


Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision circuits. 


ADG526A1ADG527A-SPECIFICATIONS 
Dual Supply (VDD = +IO.8V to +16.5V, Vss= -IO.8V to -16.5V unless otherwise noted.) 


ADGS26A 
ADGS26A 
ADGS26A 
ADGS27A 
ADGS27A 
ADGS27A 
KVersion 
BVersion 
TVersion 


-40'Cto 
-40'Cto 
-SS'Cto 
Parameter 
+2S'C 
+8S'C 
+2S'C 
+8S'C 
+2S'C 
+12S'C 
Units 
Comments 


ANALOG SWITCH 
Analog Signal Range 
Vss 
Vss 
Vss 
Vss 
Vss 
Vss 
Vmin 
Voo 
Voo 
Voo 
Voo 
Voo 
Voo 
Vmax 


RoN 
280 
280 
280 
Otyp 
-IOV"'Vs'" 
+ IOV, IDS= lmA; Test Circuit 
450 
600 
450 
600 
450 
600 
Omax 
300 
400 
300 
400 
Omax 
Voo= 
ISV(=" 10%), Vss~ -ISV(=" 
10%) 


300 
400 
Omax 
Voo= 
ISV(="S%), Vss= -ISV(="S%) 
RoN Drift 
0.6 
0.6 
0.6 
'!.rCtyp 
-IOV",Vs'" 
+ 10V,Ios= 
ImA 
RoN Match 
5 
5 
5 
%typ 
-IOV",Vs'" 
+ 10V,Ios~ 
lmA 


Is (OFF), Offlnput 
Leakage 
0.02 
0.02 
0.02 
DAtyp 
VI = ="IOV,V2= :;:IOV; Test Circuit 2 
I 
SO 
I 
SO 
I 
SO 
DAmax 


10(OFF), Off Output Leakage 
0.04 
0.04 
0.04 
DAtyp 
VI = ="IOV,V2= :;:IOV;TestCircuit3 
ADGS26A 
I 
200 
I 
200 
I 
200 
nAmax 
ADGS27A 
I 
100 
I 
100 
I 
100 
nAmax 


10(ON), On Channel Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI = ="IOV,V2 =:;: IOV;Test Circuit 4 
ADGS26A 
I 
200 
I 
200 
I 
200 
DAmax 
ADGS27A 
I 
100 
I 
100 
I 
100 
nAmax 
IDIFF, Differential Off Output 
Leakage (ADGS27 A only) 
25 
25 
25 
DAmax 
VI = ="IOV,V2 ~:;: IOV;Test Circuit 5 


DIGITAL CONTROL 
V'NH, Input High Voltage 
2.4 
2.4 
2.4 
Vrnin 
V'NL, Input Low Voltage 
0.8 
0.8 
0.8 
Vmax 


IINLorIINH 
I 
I 
I 
J.LAmax 
V1N=OtOVOD 
CIN Digital Input Capacitance 
8 
8 
8 
pFmax 


DYNAMIC CHARACTERISTICS 
I 


tTRANsmON 
200 
200 
200 
nstyp 
VI = : lOV, V2= +lOV; Test Circuit 6 
300 
400 
300 
400 
300 
400 
nsmax 


!oPEN 
SO 
SO 
50 
nstyp 
Test Circuit 7 
25 
10 
25 
10 
25 
10 
nsmin 


tON(EN,WR) 
200 
200 
200 
nstyp 
Test Circuits 8and 9 
300 
400 
300 
400 
300 
400 
nsmax 


!oFF(EN,RS) 
200 
200 
200 
nstyp 
Test Circuits 8and 10 
300 
400 
300 
400 
300 
400 
nsmax 
tw Write Pulse Width 
100 
120 
100 
120 
100 
130 
nsmin 
See Figure I 
ts Address, Enable Setup Time 
100 
100 
100 
nsmin 
See Figure I 
tHAddress, Enable Hold Time 
10 
10 
10 
nsmin 
See Figure I 
tRSReset Pulse Width 
100 
100 
100 
nsmin 
See Figure 2 


OFF Isolation 
68 
68 
68 
dBtyp 
VEN=0.8V,RL= 
IkO,CL= 
15pF, 
SO 
SO 
SO 
dBmin 
Vs= 7Vrms,f= 
100kHz 


Cs(OFF) 
5 
5 
5 
pFtyp 
VEN=0.8V 
Co (OFF) 


ADGS26A 
44 
44 
44 
pFtyp 
VEN=0.8V 
ADGS27A 
22 
22 
22 
pFtyp 
QINJ' Charge Injection 
4 
4 
4 
pCtyp 
Rs=OO, Vs~OV;TestCircuitll 


POWER SUPPLY 
100 
0.6 
0.6 
0.6 
mAtyp 
VIN=VINLorVINH 
I.S 
I.S 
I.S 
mAmax 


Iss 
20 
20 
20 
!LAtyp 
V1N= V1NLor V1NH 
0.2 
0.2 
0.2 
mAmax 


Power Dissipation 
10 
10 
10 
mWtyp 
28 
28 
28 
mWmax 


NOTE 
ISample tested at + 2S"C to ensure compliance. 
Specifications subject to change without notice. 


ADGS26A 
ADGS26A 
ADGS26A 
ADGS27A 
ADGS27A 
ADGS27A 
KVcnion 
BVersion 
TVersion 


-40·Cto 
-.40·Cto 
-SS·Cto 


Parameter 
+2S·C 
+8S·C 
+2S·C 
+8S·C 
+2S·C 
+ 12S·C 
Units 
Comments 


ANALOG 
SWITCH 
Analo8 
Signal 
Range 
Vss 
Vss 
Vss 
Vss 
Vss 
Vss 
Vrnin 
Voo 
Voo 
Voo 
Voo 
Voo 
Voo 
Vmax 
RoN 
SOO 
500 
500 
ntyp 
OV:SVs:s 
+ IOV, 
IDS = O.5mA; 
Test Circuit 
1 
700 
1000 
700 
1000 
700 
1000 
nmax 
RoN Drift 
0.6 
0.6 
0.6 
o;,rCtyp 
OV"'Vs'" 
+ JOV. los=0.5mA 
RoN Match 
5 
5 
5 
%typ 
OV",Vs'" 
+ JOV. los=0.5mA 


Is (OFF), 
OfflnpUl 
Leakage 
0.02 
0.02 
0.02 
nAtyp 
VI = + JOV/OV. 'v2=OV/+ 
JOV; 


I 
50 
I 
50 
I 
50 
nAroax 
Test Circuit 
2 


lo(OFF), 
Off Output 
Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI = + JOV/OV, V2=OV/+ 
10V; 


ADG526A 
I 
200 
I 
200 
I 
200 
nAmax 
Test Circuit 
3 
ADG527A 
I 
100 
I 
100 
I 
100 
nAmax 


lo(ON). 
On Channel 
Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI = + JOV/OV. V2=OV/+ 
10V; 


ADG526A 
I 
200 
I 
200 
I 
200 
nAmax 
Test Circuit 4 
ADG527A 
I 
100 
I 
100 
I 
100 
nAmax 
IDlFF, Differential 
Off Output 
VI= 
+ JOV/OV,V2=OV/+JOV; 


Leakage 
(ADG527 
A only) 
25 
25 
25 
nAmax 
Test Circuit 5 


DIGITAL 
CONTROL 
V1NH, Input 
High 
Voltage 
2.4 
2.4 
2.4 
Vmin 


V1NLJ Input Low Voltage 
0.8 
0.8 
0.8 
Vmax 


IINLorIINH 
I 
I 
I 
JLAmax 
V1N=OtOVOD 


C1N Digital 
Input 
Capacitance 
8 
8 
8 
pFmax 


DYNAMIC 
CHARACTERISTICS' 


(TRANSITION 
300 
300 
300 
nstyp 
VI = + 10V/OV. V2=OV/+ 
JOV; 


450 
600 
450 
600 
450 
600 
nsmax 
Test Circuit 6 


!oPEN 
50 
50 
50 
nstyp 
Test Circuit 7 


25 
JO 
25 
10 
25 
10 
osmin 


!oN(EN,WR) 
250 
250 
250 
nstyp 
Test Circuits 8 and 9 
450 
600 
450 
600 
450 
600 
nsmax 


tOFF(EN,RS) 
250 
250 
250 
nstyp 
Test Circuits 
8 and 
10 


450 
600 
450 
600 
450 
600 
nsmax 
tw Write 
Pulse 
Width 
100 
120 
100 
120 
100 
130 
osmin 
See Figure 
1 
ts Address, Enable Setup Time 
100 
100 
100 
osmin 
See Figure 
I 
tH Address, 
Enable 
Hold Time 
JO 
JO 
JO 
osmin 
See Figure 
I 
tRS Reset 
Pulse 
Width 
100 
100 
100 
osmin 
See Figure2 


OFF 
Isolation 
68 
68 
68 
dBtyp 
VEN=0.8V.RL~ 
Ikn,CL~ 
15pF. 


50 
50 
50 
dBmin 
Vs= 
3.5Vrms,f= 
100kHz 


Cs(OFF) 
5 
5 
5 
pFtyp 
VEN=0.8V 
Co (OFF) 


ADG526A 
44 
44 
44 
pFtyp 
VEN=0.8V 
ADG527A 
22 
22 
22 
pFtyp 
QIN), Charge 
Injection 
4 
4 
4 
pCtyp 
Rs=On,Vs=OV;TestCircuitll 


POWER 
SUPPLY 
100 
0.6 
0.6 
0.6 
mAtyp 
VIN=VINLorVINH 
1.5 
1.5 
1.5 
mAmax 


Power Dissipation 
11 
11 
11 
mWtyp 
25 
25 
25 
mWmax 


• 


NOTE 
ISampie tested at + 2SOC(0 ensure compliance. 


Specifications 
subject 
to chansc: without 
notice. 


WR3:~ d 
;-ts-l tHl- 


EN. 
:~ 
A-t-. -A2-.-IA-3-1 ")( 
2.0V 
o.avx:= 


o 
I 
I 


Figure 1. 


Figure 1 shows the timing sequence for latching the switch 
address and enable inputs. The latches are level sensitive; therefore, 
while WR is held low, the latches are transparent 
and the switches 
respond to the address and enable inputs. This input data is 
latched on the rising edge of WR. 


iiS3V\,.5V 
I 
OV-Es~ 


to.. iRS'-----l 


SWITCH 
Vo 
o.avo~ 
OUTPUT 
OV 


Figure 2. 


Figure 2 shows the Reset Pulse Width, tRS' and Reset Turn-off 
Tinle, toFF (RS). 


Note: All digital input signals rise and fall times measured from 
10% to 90% of 3V. tR=tF=20ns. 


ABSOLUTE MAXIMUM RATINGS· 
(T A = + 2S·C unless otherwise noted) 


Voo to Vss 
. 


Voo to GND 
Vss to GND 
. 


Analog Inputs 1 


Voltage at S, D 


. 
44V 


. 
2SV 
-2SV 


Vss -2V 
to 
Voo +2Vor 
20rnA, Whichever Occurs First 
20rnA 
Continuous 
Current, 
S or D 
Pulsed Current S or D 
Ims Duration, 
10% Duty Cycle 
Digital Inputs' 


Voltage at A, EN, WR, RS . 
Vss -4V 
to 
Voo +4Vor 
20rnA, Whichever Occurs First 
Power Dissipation (Any Package) 


Up to +7S·C 
. 


Derates above + 7S·C by 
470mW 
6mWrC 


Operating Temperature 
Commerical (K Version) 
Industrial 
(B Version) .. 


Extended (T Version) . . 


Storage Temperature 
Range . 


Lead Temperature 
(Soldering, 
10sec) 


- 4O·C to + 8S·C 
- 40·C to + 8S·C 
- SS·C to + 12S·C 
- 6S·C to + IS0·C 
..... 
+300·C 


NOTE 
'Overvoltage at A, EN, WR, RS, S or D will be clamped by diodes. Current 
should be limited to themaximumratingabove. 


'COMMENT: 
Stresses above those listed under "Absolute Maximum Ratings" 


may cause permanent damage to the device. This is a stress rating only and 
functional operation of tbe device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum ratingconditions for extended periods 
may affect device reliability. 


CAUTION: 
ESD (electrostatic 
discharge) 
sensltlve 
device. 
The digital control 
inputs 
are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive 
foam or shunts. 
The protective 
foam 
should be discharged 
to the destination 
socket before devices are inserted. 


Temperature 
Package 
Modell 
Range 
Option2 


ADGS26AKN 
- 4O·Cto + 8S·C 
N-28 
ADGS26AKR 
- 40·C to + 8S·C 
R-28 
ADGS26AKP 
-40·Cto 
+ 8S·C 
P-28A 
ADGS26ABQ 
- 40·C to + 8S·C 
Q-28 
ADGS26ATQ3 
- SS·Cto + 12S·C 
Q-28 
ADGS26ATE3 
- SS·Cto + 12S·C 
E-28A 


ADGS27AKN 
- 4O·Cto + 8S·C 
N-28 
ADG527AKR 
-40·Cto 
+ 8S·C 
R-28 
ADGS27AKP 
-40·Cto 
+ 8S·C 
P-28A 
ADGS27ABQ 
-40·Cto 
+ 8S·C 
Q-28 
ADG527ATQ3 
- SS·Cto + 12S·C 
Q-28 
ADGS27ATE3 
- SS·Cto + 12S·C 
E-28A 


NOTES 
ITo order MIL-STD-883, Class B processed parts, add 
/8g3B to part number. See Analog Devices Military 
Products Databook (1990) for military data. 
'E ~ Leadless Ceramic Chip Carrier; N ~ Narrow Plastic 
DIP; P ~ Plastic Leaded Chip Carrier; Q = Cerdip; 
R = 0.3" Small Outline IC (SOIC). For outline 
information see Package Information section. 
'Standard Military Drawing (SMD) assigned by DESC. 
SMD numbers are 
5962-89710013X (ADG526ATE/883B) 
5962-8971001XX (ADG526ATQ/883B) 
5962-89710023X (ADG527ATE/883B) 
5962-8971002XX (ADG527ATQ/883B) 


A3 A2 
Al 
AO EN WR 
RS 
ON SWITCH 


X 
X 
X 
X 
x .r 
I 
Retains Previous Switch Condition 
X 
X 
X 
X 
X 
X 
0 
NONE (Address and Enable 
Latches Cleared) 


X 
X 
X 
X 
0 
0 
I 
NONE 
0 
0 
0 
0 
I 
0 
I 
I 
0 
0 
0 
I 
I 
0 
I 
2 
0 
0 
I 
0 
I 
0 
I 
3 
0 
0 
I 
I 
I 
0 
I 
4 
0 
I 
0 
0 
I 
0 
I 
5 
0 
I 
0 
I 
I 
0 
I 
6 
0 
I 
1 
0 
I 
0 
I 
7 
0 
I 
I 
I 
I 
0 
I 
8 
I 
0 
0 
0 
I 
0 
I 
9 
I 
0 
0 
I 
I 
0 
I 
10 
I 
0 
I 
0 
I 
0 
I 
11 
I 
0 
I 
I 
I 
0 
1 
12 
I 
I 
0 
0 
I 
0 
I 
13 
I 
I 
0 
I 
I 
0 
I 
14 
I 
I 
I 
0 
I 
0 
I 
15 
I 
I 
I 
I 
I 
0 
I 
16 


X=Don'tCare 


ADG526A 


PIN CONFIGURATIONS 
• 
DIP,SOIC 


LCCC 
PLCC 


VU 
Ii:! " 
8 
: :x 
"' 
z 
> " 
> 
w 
Ii:! " 
8 
>: :x 
50 
3 
2 
1 
2. 
27 
2. 
;;; 
Z 
> 
C 


0 
• 
3 
2 
1 
2. 
27 
26 
57 


515 
5 
25 57 
$15 
5 
.. 
as 
57 


55 
5'4 
fj 
2. 
so 
ADG526A 
513 7 
23 $5 
TOP VIEW 
ADG526A 
INot to Sule) 
512 8 
TOP VIEW 
22 
54 


511 • 
INot to Sal.l 
21 53 


51. 
$1010 
2082 
51. 
5. 
11 
" 
51 
59 " 
19 5' 
EN 


GND 
AO 
12 
13 ,. 
15 
16 " ,. 
12 13 ,. 
15 
16 " 
11 


Wi! 
" I~~ ~ :i 
:l ~ 
" I~ ~ ~ :i :l ~ 
z 
z 
'" 
A3 
A2 
'" 
Ne '" NO CONNECT 
Ne 0: NO CONNECT 


Ne "" NO CONNECT 
; ~ i!: 
8 
« : a 
; 
> " 
> 
~ .. 
8 « ; a 
3 
2 
1 
28 
27 
28 
" 
> " 
0 
• 
3 
2 
1 
28 
27 •• 


57' 
5 
25 57A 
57. 
5 
2S 57••. 
.. 


2. .... 
SOB • 
2••••• 


ADG527A 
23 
5SA 
55. 
7 
23 
5SA 
TOP VIEW 
22 .... 
S4B • 
ADG527A 
22 
•••• 
(NottoScli~1 
TOP VIEW 
21 53A 
53. • 
INot to SQI., 
21 53" 


20 
S2A 
52B 10 
20 S2A 


51' 
11 
11 51A 
5tS 11 
11 51A 
S2B 


12 
13 ,. 
15 ,. " ,. 
12 13 ,. 15 ,. " ,. 


GND 
" II ~ ~ :i :l 
is 
il I~ II! 
::I 
:< 
:l 
iIi 
i; 


Wi! 
'" 
NC 
_ 
NOCQNNECT 
NC: 
NO CONNECT 
NC 


Ne '" NO CONNECT 


REV. A 
CMOS 
SWITCHES 
& MUL T1PLEXERS 
5-99 


A2 
Al 
AO 
EN 
WR 
RS 
ONSWITCHPAJR 


X 
X 
X 
X 
S 
I 
Retains Previous Switch Condition 
X 
X 
X 
X 
X 
0 
NONE (Address and Enable 
Latches Cleared) 


X 
X 
X 
0 
0 
I 
NONE 
0 
0 
0 
I 
0 
I 
I 
0 
0 
I 
I 
0 
I 
2 
0 
I 
0 
I 
0 
I 
3 
0 
I 
I 
I 
0 
I 
4 
I 
0 
0 
I 
0 
I 
5 
I 
0 
I 
I 
0 
I 
6 
I 
I 
0 
I 
0 
I 
7 
I 
I 
I 
I 
0 
I 
8 


Typical Performance Characteristics 


The multiplexers are guaranteed functional with reduced single or dual supplies down to 4.5V. 


700 
100 


o 
-20 
-15 
-10 
-5 
0 


Vo(Vsl- 
Volts 


RONas a Function of VoWs): Dual Supply 
Voltage, 
TA = +25°C 


100 


25 
35 
45 
55 
65 
75 
85 
95 
105 
115 
125 


TEMPERATURE 
_ °c•. 
Leakage Current as a Function of Temperature 
(Note: Leakage Currents Reduce as the Supply 
Voltages 
Reduce) 


800 


100 
5 
8 
9 
10 
l' 
12 
13 
14 
15 
SUPPLY VOLTAGE 
- Volts 
tTRANsmoNvs. Supply 
Voltage: Dual and Single Supplies, 


TA = +25°C 
(Note: For Voo and /Vss/ < 10V; Vl = VooIVss, 
V2 = VssiVoD- See Test Circuit 6) 


c:- 
I~ 
a: 
300 


-5 
0 
5 


VolVsl-Votts 
RONas a Function of VoWs): Single Supply 
Voltage, 


TA = +25°C 


Trigger Levels vs. Power Supply Voltage, Dual or Single Sup- 
ply, 
TA = +25°C 


- 
------ 
-- 


"/ ----- 
, 


. 
. 


'"E 
J 0.4 


'00 vs. Supply 
Voltage: Dual or Single Supply, 
TA 
+25°C 


TEST CIRCUIT 
1 
RoN 
...- 


v,~ 
t V2 


TEST CIRCUIT 
6 
SWITCHING 
TIME OF MULTIPLEXER, 
tTItANSrnON 


Yoo 
~ss 


3V _~ 
~~~AESS 
.-J SO% 
~E 
IV•••) 
OV 
I 
I 


I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
-I ~ .., 


'V~DORESS 
DRIVE 
IV ••.•I 


OV 
• 


'V~NABLE 
----- 
DRIVE 
(YINI 
OV 
150% 
I 
I 
I 
I 
I 
! 90%~ 
OUTPUT 
-LJ~ ! 
~% 


~ 
toN ~ 
:to, 
I 


(ENI 
......., IEN) t-- 


-SIMILAR 
CONNECTION 
FOR ADGS27A 
TEST CIRCUIT 
9 
WRITE TURN-ON 
TIME, toN (WR) 


3V ~ 
",,___ 
r-- 
WR 
ov _~ 
DRIVE 
IVIN) 
, 
! 
j: 
OUTPUT 


I- too IWR.-.t 


,V 
~ASDRIVE(VIN' 


."'" 
OV--1 
I 
I 


: 
~PUT 
I 
_ 
I 
...- 
ton (RSI 
•...•• 


TERMINOLOGY 


RoN 
Ohmic resistance between terminals D and S 
RoN Match 
Difference between the RoN of any two channels 
RoN Drift 
Change in RoN versus temperature 
Is (OFF) 
Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal S or D 
Channel input capacitance for "OFF" 
condition 
Channel output capacitance for "OFF" 
condition 
Digital input capacitance 
Delay time between the 50% and 90% points of 
the digital input and switch "ON" 
condition 


Vs (Vo) 
Cs (OFF) 
Co (OFF) 
CIN 
toN (EN) 


3V 
\ 
r 
v~ 
"----J 


VINL 


V'NH 
IINL (I,NHl 
Voo 
Vss 
100 
Iss 


Delay time between the 50% and 10% points of 
the digital input and switch "OFF" 
condition 
Delay time between the 50% and 90% points of 
the digital inputs and switch "ON" condition 
when switching from one address state to 
another 
"OFF" 
time measured between 50% points of 
both switches when switching from one address 
state to another 
Maximum input voltage for Logic "0" 
Minimum input voltage for Logic "I" 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 


Lalcneu 4/ II lInannel Analog MUltiplexers 


ADG528A1 ADG529A 
I 


FEATURF.S 
44V Supply 
Maximum 
Rating 
Vss to Voo Analog 
Signal 
Range 
Single/Dual 
Supply 
Specifications 
Wide Supply 
Ranges 
(10.8V to 16.5V) 
Microprocessor 
Compatible 
(100ns 
WR Pulse) 
Extended 
Plastic 
Temperature 
Range 
(-40·C 
to +85·C) 
Low Leakage 
(20pA typ) 
Low Power 
Dissipation 
(28mW 
maxI 
Available 
in 16-Lead 
DIP and 
20-Lead 
LCCC/PLCC Packages 
Superior 
Alternative 
to: 
DG528 
DG529 


GENERAL 
DESCRIPTION 
The ADGS28A and ADGS29A are CMOS monolithic analog 
multiplexers 
with 8 channels and dual 4 channels respectively. 


On-chip latches facilitate microprocessor 
interfacing. 
The 
ADGS28A switches one of 8 inputs to a common output depending 
on the state of three binary addresses and an enable input. The 
ADGS29A switches one of 4 differential inputs to a common 
differential output depending on the state of two binary addresses 
and an enable input. Both devices have TTL and SV CMOS 
logic compatible digital inputs. 


The ADGS28A and ADGS29A are designed on an enhanced 
LC2MOS process which gives an increased signal capability of 
Vss to VDO and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
IO.8V to l6.SV single or dual supply range. These multiplexers 
also feature high switching speeds and low RoN' 


PRODUCT 
HIGHLIGHTS 
1. Single/Dual Supply Specifications with a Wide Tolerance: 
The devices are specified in the IO.8V to l6.SV range for 
both single and dual supplies. 


2. Easily Interfaced: 


The ADGS28A and ADGS29A can be easily interfaced with 
microprocessors. 
The WR signal latches the state of the 
address control lines and the enable line. The RS signal 
clears both the address and enable data in the latches resulting 
in no output (all switches off). RS can be tied to the micro- 
processor reset pin. 


S1 
I', I 
'II I 
I I 
I I 
II 
II 
S8 
' 
• 
3. Extended Signal Range: 
The enhanced LC2MOS processing results in a high breakdown 
and an increased analog signal range of Vss to VDO. 


4. Break-Before-Make 
Switching: 


Switches are guaranteed 
break-before-make 
so that input 
signals are protected 
against momentary 
shorting. 


S. Low Leakage: 


Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision ci(cuits. 


Temperature 
Package 
Modelt 
Range 
Option' 


ADGS28AKN 
- 4O·Cto + 8S·C 
N-28 
ADGS28AKP 
- 4O·Cto + 8S·C 
P-20A 
ADGS28ABQ 
-40·Cto 
+ 8S·C 
Q-18 
ADGS28ATQ' 
- SS·Cto + l2S·C 
Q-18 
ADGS28ATE' 
- SS·Cto + l2S·C 
E-20A 


ADGS29AKN 
-40·Cto 
+ 8S·C 
N-18 
ADGS29AKP 
-40·Cto 
+ 8S·C 
P-20A 
ADGS29ABQ 
- 4O·Cto + 8S·C 
Q-18 
ADGS29ATQ' 
- SS·Cto + l2S·C 
Q-18 
ADGS29ATE' 
- SS·Cto + l2S·C 
E-20A 


NOTES 
'To order MIL-STD-883, 
Class B processed parts, add 


/883B to part number. See Analog Devices Military 
Products Databook (1990) for military data sheet. 
'E ~ Leadless Ceramic Chip Carrier (LCCC); N ~ 
Plastic DIP; P ~ Plastic Leaded Chip Carrier (PLCC); 
Q = Cerdip. For outline information see Package Infor- 
mation section. 


ADG528A1ADG529A - 
SPEC IFI CATIONS 
Dual Supply NOD = +IO.BV to +16.5V, Vss = -IO.BV 
to -16.5V 
unless otherwise 
noted.) 


ADGS2SA 
ADGS2SA 
ADGS2SA 
ADGS29A 
ADGS29A 
ADGS29A 
KVersion 
BVersion 
TVersion 


-4O"Cto 
-4O"Cto 
-sS·Cto 
Parameter 
+2S·C 
+SS·C 
+2S"C 
+SS·C 
+2S"C 
+12S"C 
Units 
Comments 


ANALOG 
SWITCH 
AnaloS SisnaI Range 
Vss 
Vss 
Vss 
Vss 
Vss 
Vss 
Vmin 


Voo 
Voo 
Voo 
Voo 
Voo 
Voo 
Vmax 


RoN 
2S0 
2S0 
280 
Otyp 
-IOV,.Vs,.+ 
10V,IDS~ 
lmA;TestCircuit 
I 
450 
600 
4S0 
600 
4S0 
600 
Omax 
300 
400 
300 
400 
Omax 
Voo= 
ISV(± 
10%), Vss= 
- ISV(± 
10%) 


300 
400 
Omax 
Voo~ 
ISV(±S%), 
Vss= 
- ISV(±5%) 
RoN Drift 
0.6 
0.6 
0.6 
%l"Ctyp 
- JOV,.Vs,. 
+ 10V,IDS= 
lmA 
RoN Match 
5 
S 
5 
%typ 
- JOV,.Vs,. 
+ 10V, IDS = lmA 


Is (OFF), 
Off Input 
Leakage 
0.02 
0.02 
0.G2 
nAtyp 
VI = ± 10V, V2= 
+ JOV; Test Circuit 
2 
I 
50 
I 
SO 
I 
50 
nAmax 


10(OFF), 
Off Output 
Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI = ± 10V, V2~ 
+IOV;TestCircuit3 
ADGS28A 
I 
100 
1 
100 
I 
100 
nAmax 
ADGS29A 
I 
SO 
1 
50 
I 
SO 
nAmax 


10 (ON), 
On Channel 
Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI = ± IOV, V2= 
+ 10V; Test Circuit 
4 
ADGS28A 
I 
100 
1 
100 
I 
100 
nAmax 
ADGS29A 
I 
SO 
I 
50 
I 
50 
nAmax 
Io1FF, Differential Off Output 
Leakage 
(ADGS29A 
only) 
25 
25 
2S 
nAmax 
VI = ± 10V, V2 = + JOV; Test Circuit 
5 


DIGITAL 
CONTROL 
V1NH, 
Input 
High 
Voltage 
2.4 
2.4 
2.4 
Vmin 


V INL, Input 
Low Voltage 
0.8 
0.8 
0.8 
Vmax 


IINLorIlNH 
1 
I 
I 
jLAmax 
VlN=OtoVoo 
C1N Digital 
Input 
Capacitance 
8 
8 
8 
pFmax 


DYNAMIC 
CHARACTERISTICS' 


ITRANsmoN 
200 
200 
200 
ns typ 
VI = ± 10V, V2= 
+IOV;TestCircuit6 
300 
400 
300 
400 
300 
400 
nsmax 


!oPEN 
50 
SO 
SO 
nstyp 
Test Circuit 
7 
25 
10 
2S 
10 
25 
10 
nsmin 


!oN (EN,WR) 
200 
200 
200 
nstyp 
Test Circuits 
8 and 9 
300 
400 
300 
400 
300 
400 
nsmax 


!oFF (EN, RS) 
200 
200 
200 
ns typ 
Test Circuits 
8 and 10 
300 
400 
300 
400 
300 
400 
nsmax 
tw Write 
Pulse 
Width 
100 
120 
100 
120 
100 
130 
nsmin 
See Figure 
I 


IS Address, 
Enable 
Setup 
Time 
100 
100 
100 
nsmin 
See Figure 
I 


1M Address, 
Enable 
Hold Time 
10 
JO 
JO 
nsmin 
See Figure 
I 
tRS Reset Pulse Width 
100 
100 
100 
nsmin 
See Figure 
2 


OFF 
Isolation 
68 
68 
68 
dBtyp 
V EN= O.8V, RL = Hdl, CL = ISpF, 
50 
50 
SO 
dBmin 
Vs~7Vrms,f= 
100kHz 


Cs(OFF) 
S 
5 
5 
pFtyp 
VEN=0.8V 
Co (OFF) 


ADGS28A 
22 
22 
22 
pFtyp 
VEN=0.8V 
ADGS29A 
II 
II 
II 
pFtyp 
QINJ' Charge 
Injection 
4 
4 
4 
pCtyp 
Rs=OO, 
Vs~OV;TestCircuit 
II 


POWER 
SUPPLY 
100 
0.6 
0.6 
0.6 
mAtyp 
VIN= VINLor VINH 
1.5 
J.S 
J.S 
mAmax 


Iss 
20 
20 
20 
jLAtyp 
VIN=VINLOrVINH 
0.2 
0.2 
0.2 
mAmax 


Power 
Dissipation 
10 
10 
JO 
mWtyp 
28 
28 
28 
mWmax 


NOTE 
ISampk letled at + 2S-c toensu~compllance. 
Specifkations subjcct 10chana:e wirbout notice. 


Single Supply NDD = +10.8V to +16.5V, Vss = GND = OV unless 
otherwise 
noted.) 


ADG528A 
ADG528A 
ADG528A 
ADG529A 
ADG529A 
ADG529A 
KVenioD 
BVenioD 
TVenioD 


-4O"Cto 
-4O"Cto 
-55'Cto 
Parameter 
+25'C 
+85'C 
+25'C 
+85'C 
+25'C 
+125'C 
Units 
Comments 


ANALOG SWITCH 
AnaJOSSignalRange 
GND 
GND 
GND 
GND 
GND 
GND 
Vmin 
Voo 
Voo 
Voo 
Voo 
Voo 
Voo 
Vmax 
RoN 
500 
500 
500 
ntyp 
GNDsVss+ 
IOV,IDS~0.5mA;TeslCircuiI 
I 
700 
1000 
700 
1000 
700 
1000 
nmax 
RoN Drift 
0.6 
0.6 
0.6 
%l'Ctyp 
GND"'Vs'" + IOV,IDS=0.5mA 
RoN Malch 
5 
5 
5 
%typ 
GND",V s'" + IOV,IDS= 0.5mA 


Is (OFF), Offlnpul Leakage 
0.02 
0.02 
0.02 
nAtyp 
VI ~ + 10V/GND, V2=GND/+ 
10V 


I 
50 
I 
50 
I 
50 
nAmax 
Test Circuit 2 


10(OFF), OffOulpul Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI~ + 10V/GND, V2=GND/+ 
IOV 
ADG528A 
I 
100 
I 
100 
I 
100 
nAmax 
Test Circuit 3 
ADG529A 
I 
50 
I 
50 
I 
50 
nAmax 


lo(ON), On Channel Leakage 
0.04 
0.04 
0.04 
nAtyp 
VI= + IOV/GND, V2~GND/+ 
10V 


ADG528A 
I 
100 
I 
100 
I 
100 
nAmax 
Test Circuit 4 
ADG529A 
I 
50 
I 
50 
1 
50 
nAmax 


[OIFF, Differential Off Output 
VI ~ + IOV/GND,V2=GND/+ 
10V 
Leakage (ADG529A only) 
25 
25 
25 
nAmax 
TestCircuitS. 


DIGITAL CONTROL 
VINH, 
Input High Voltage 
2.4 
2.4 
2.4 
Vmin 
V INL, Input Low Voltage 
0.8 
0.8 
0.8 
Vmax 


IINLorIINH 
I 
I 
I 
fLAmax 
V1N=OtOVOD 


CIN Digital Input Capacitance 
8 
8 
8 
pFmax 


DYNAMIC CHARACTERISTICS' 


(TIlANSmON 
300 
300 
300 
nslyp 
VI~ + 10V/GND, V2=GND/+ 
IOV;TesICircuiI6 
450 
600 
450 
600 
450 
600 
nsmax 


'oPEN 
50 
50 
50 
nstyp 
TestCirc~t7 
25 
10 
25 
10 
25 
10 
nsmin 


'oN(EN,WR) 
250 
250 
250 
os typ 
Tesl Circuits 8and 9 
450 
600 
450 
600 
450 
600 
nsmax 


'oFF(EN,RS) 
250 
250 
250 
nstyp 
Tesl Circuits 8and 10 
450 
600 
450 
600 
450 
600 
nsmax 
IwWrile Pulse Width 
100 
120 
100 
120 
100 
130 
nsmin 
SeeFigutt I 
Is Address, Enable SelUpTime 
100 
100 
100 
nsmin 
SeeFigure I 


IKAddress, Enable Hold Time 
10 
10 
10 
nsmin 
SeeFigure I 
IRSResel Pulse Width 
100 
100 
100 
nsmin 
SeeFigure 2 


OFF Isolation 
68 
68 
68 
dBtyp 
VEN=0.8V,RL= 
IIdl,CL -15pF, 


50 
50 
50 
dBmin 
Vs = 3.5V rms, f = 100kHz 


Cs(OFF) 
5 
5 
5 
pFtyp 
VEN~0.8V 
Co (OFF) 


ADG528A 
22 
22 
22 
pFtyp 
VEN=0.8V 
ADG529A 
11 
11 
11 
pFtyp 


QINJt Charge Injection 
4 
• 
4 
4 
pCtyp 
Rs=On,Vs=OV;TeslCircuil11 


POWER SUPPLY 
100 
0.6 
0.6 
0.6 
mAlyp 
V1N= V1NLor V1NH 
1.5 
1.5 
1.5 
mAmax 


Power Dissipation 
11 
11 
11 
mWtyp 
25 
25 
25 
mWmax 


• 


NOTE 
ISampletC!tedat 
+ 25"C 
to ensure compliance. 


Spc:Qfications subject to chanae without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS* 


(T A = + 25°C unless otherwise noted) 


Voo to VSS 
• 


VOO toGND 
VSS to GND 
. 


Analog Inputs I 
Voltage at S, D 


. 
44V 
. 
25V 


-25V 


. . . . . . . . . Vss - 2V to 


Voo +2Vor 
20mA, Whichever Occurs First 


.......... 
20mA 
Continuous 
Current, 
S or D 
Pulsed Current Sor D 
Ims Duration, 
10% Duty Cycle 


Digital Inputs I 
Voltage at A, EN, WR, RS 
......... 
Vss -4V 
to 
Voo +4Vor 
20rnA, Whichever Occurs First 
Power Dissipation (Any Package) 


Up to + 75°C . . . . .. 
Derates above + 75°C by 
Operating Temperature 
Commerical (K Version) 
Industrial (B Version) . . 
Extended (T Version) .. 


Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10sec) 


470mW 
6mWrC 


- 40°C to + 85°C 
- 40°C to + 85°C 
- 55°C to + 125°C 
-65°C 
to + 150°C 


. . . . . 
+ 300°C 
NOTE 
'Overvoltage 
at A, EN, 
WK, RS, S or 0 will be clamped 
by diodes. 
Current 


should 
be limited 
to the maximum 
",ring 
above. 


·COMMENT: 
Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the device. 
This 
is a stress 
rating 
only 
and 
functional 
operation 
of the device 
at these or any other conditions 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 
Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 


CAUTION 
ESD (electrostatic 
discharge) 
sensitive device. The digital control 
inputs 
are diode protect- 
ed; however, 
permanent 
damage may occur on unconnected 
devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


PIN CONFIGURATIONS 


LCCC 


~II ~II :; 


.. 
lIONO 


VN' 
17 \100 
ADGS29A 
" 
$1. 
T""VIEW 
sv. , 
(Hot'.SuMI 
15 $2. 
sv. • 


A2 
Al 
AO EN 
WJI. as 
ONSWITCHPAlR 
x 
X 
x 
X 
I 
1 
Retains Previous Switch Condition 
X 
X 
X 
X 
X 
0 
NONE 
(Address 
and Enable 
Latches 
Oeared) 
X 
X 
X 
0 
0 
I 
NONE 
0 
0 
0 
I 
0 
1 
1 
0 
0 
1 
1 
0 
1 
2 
0 
I 
0 
1 
0 
1 
3 
0 
I 
I 
1 
0 
1 
4 
I 
0 
0 
1 
0 
I 
S 
I 
0 
1 
1 
0 
I 
6 
1 
1 
0 
I 
0 
I 
7 
I 
I 
1 
1 
0 
I 
8 


PLCC 


II ~ II 
,n, 


VN ~ 
17 
GND 
~ 
AOG528A 
. 
T""VIEW 
" 
VN 
~ 


(Hot to kMl 
" 
so 


)111101111111211111 
1 ~ ~ ! ! NC_NQCONNIECT 


Al 
AO 
EN 
WJI. as 
ON SWITCH 
PAlR 


X 
X 
X 
J 
1 
Retains Previous Switch Condition 
X 
X 
X 
X 
0 
NONE 
(Address 
and Enable 
Latches 
Oeared) 
X 
X 
0 
0 
1 
NONE 
0 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
2 
I 
0 
I 
0 
I 
3 
I 
1 
1 
0 
I 
4 


WR 


3:t= d 
~.S--J 
'H~ 


3V 
V 2.0V 
0.8VX= 
EN, AO, A1, (A21 
A 


o ----~I 
I 


Figure 1 


Figure 
1 shows the timing sequence for latching the switch 
address and enable inputs. The latches are level sensitive; therefore, 
while WR is held low, the latches are transparent and the switches 
respond to the address and enable inputs. This input data is 
latched on the rising edge of WR. 


Typical Performance Characteristics 


AS 3V\1SV 
I 
OV-ERS==:j 


'OFF iRSl---j 


SWITCH 
Vo 
0.8 Vo ~ 
OUTPUT 
OV 


Figure 2 


Figure 2 shows the Reset Pulse Width, tRs, and Reset Turn-off 
Tin1e, loFF (RS). 


Note: All digital input signals rise and fall tin1es measured from 
lO% to 90% of3V. 
tR=tF=20ns. 


• 


:: 
400 
,~ 
II: 
300 


RONas a Function of Vo(Vs): Dual Supply Voltage, 
TA = +25°C 


Leakage Current as a Function of Temperature 
(Note: Leakage Currents Reduce as the Supply Voltages 
Reduce) 


:: 
400 
, 
zo 
a: 
300 


o 
-20 
-15 
-10 
-5 
0 


VolVs) 
- Volts 


RONas a Function of Vo(Vs): Single Supply Voltage, 
TA = +25°C 


Trigger Levels vs. Power Supply Voltage, Dual or Single 
Supply, TA = + 25°C 


c 
, 
500 


g 
~1 400 


tTRANsmoNvs. Supply 
Voltage: Dual and Single Supplies, 


TA = +25°C 
(Note: For Voo and /Vssl < 10V; V1 = VooIV,ss, 
V2 = VsslVoo- See Test Circuit 6) 


TEST CIRCUIT 
1 
RoN 
TEST CIRCUIT 
2 
Is (OFF) 


.- 


..------ 
....- 


"/ 
l-----"' 


"E 
8 
- 
0.4 


9 
10 
11 
12 
13 
14 
15 
16 
17 


SUPPLY VOlTAGE- 
Votts 


'00 vs. Supply 
Voltage: Dual or Single Supply, 
TA 


+ 25°C 


TEST CIRCUIT 
3 
10(OFF) 


TEST CIRCUIT 
4 
ID(ON) 


Vl~ 


~ 
V2 


TEST CIRCUIT 
5 
IDIFF 


~ 
Vl 


IOIFF= lOA(OFF)-loB (OFF) 


TEST CIRCUIT 
6 
SWITCHING 
TIME OF MULTIPLEXER, 
tTIlANSmON 


3V-~ 
~~~RESS 
-J: 
50% 
~E 
(VINI 
ov 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
--l 
.., 


TEST CIRCUIT 
7 
BREAK-BEFORE·MAI{E 
DELAY, toPEN 


JV-~DDRESS 
DRIVE 
IV •••) 


OV 


U:::=UT 


I 
I 
~I 
r-- 


tOI"EN 


JV~NABLE 
----- 
DRIVE 
(V'HI 
OV 
150% 
I 
I 
I 
I 
I 
! 90%,....--n 
OUTPUT 
--LJ~ 
! 
~% 


~~~:toFl 
(ENI 
~IENI~ 


TEST CIRCUIT 
8 
ENABLE DELAY, toN (EN), toFF (EN) 
• 


TEST CIRCUIT 
9 
WRITE TURN-ON 
TIME, foN{WR) 


3V~c.Ml.. 
~Wii 
ov _~ 
DRIVEIV 
••••1 


I 


J 
;:. 
OUTPUT 


l--"",iWR1-l 


TEST CIRCUIT 
10 
RESET TURN-OFF 
TIME, foFF{RS) 


JV 
~RSDRIVEIVINI 
50"" 


OV ---, 
I 
I 


~ 


:1 
OUTPUT 
I 
_ 
I 
...-- 
tOFF (RS) 
•....••• 


Vs (Vo) 
Cs (OFF) 
Co (OFF) 
CIN 
toN (EN) 


TEST CIRCUIT 11 
CHARGE INJECTION 


3V~ 
vo• 
ov 
-.!. 


~ 
vor----, 
I 
R. 
I Vs 
I 
I 
~ 
I 
L_-r- __ .Jv_ .n.. 


Ow.. '" Cl x 
.,),VO 
¢' 
~ 


TERMINOLOGY 


RoN 
Ohmic resistance between terminals D and S 
RoN Match 
Difference between the RoN of any two channels 


RoN Drift 
Change in RoN versus temperature 
Is (OFF) 
Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal S or D 
Channel input capacitance for "OFF" 
condition 
Channel output capacitance for "OFF" 
condition 
Digital input capacitance 
Delay time between the 50% and 90% points of 
the digital input and switch "ON" 
condition 


V1NL 
V1NH 


IINL (lINHl 
Voo 
Vss 
100 
Iss 


Delay time between the 50% and 10% points of 
the digital input and switch "OFF" 
condition 
Delay time between the 50% and 90% points of 
the digital inputs and switch "ON" condition 
when switching from one address state to 
another 
"OFF" 
time measured between 50% points of 
both switches when switching from one address 
state to another 
Maximum input voltage for Logic "0" 
Minimum input voltage for Logic "I" 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 


1IIIIIIII ANALOG 
WDEVICES 


I 


8-ChanlDual 4-Chan JFETAnalog Multiplexers 
(Overvoltage & Power Supply Loss Protected) 


MUX-08/MUX-24 
I 


FEATURES 


• 
JFET Switches Rather Than CMOS 
• 
Low "ON" Resistance 
2200 Typ 
• 
Highly Resistant to Static Discharge Damage 
• 
No SCR Latch-Up Problems 
. 


• 
Digital Inputs Compatible 
With TTL and CMOS 
• 
1250 C Temperature Tested Dice Available 
• 
MUX-08 Pin Compatible 
With DG508, HI-508A, IH5108, 


IH6108, LF11508/12508/13508, 
AD7506 
• 
MUX-24 Pin Compatible 
With DG509, HI-509A, IH5208, 
IH6208, LF11509/12509/13509, 
AD7507 
• 
Available in Surface Mount Packages 


• 
Available In Ole Form 


ORDERING 
INFORMATION 
t 


PACKAGE 


25'CON 
CERDIP 
PLASTIC 
LCC 
RESISTANCE 
1&-PIN 
1&-PIN 
2O-CONT ACT 


MUX08AO- 
MUX08EO 


OPERATING 
TEMPERATURE 
RANGE 


MIL 
IND 
COM 


MIL 
IND 
XIND 
XIND 


MIL 
IND 
COM 


MUX08EP 


MUX08BQo 
MUX08BRCI883 
MUX08FO 


MIL 
IND 
MUX24FP 
XIND 
MUX24FS" 
XIND 


For devices processed 
in total compliance 
to MIL-STD-883, 
add /883 after part 
number. Consult 
factory for 883 data sheet. 


Burn-in is available on commercial and industrial temperature range parts in 
C8rDIP, 
plastic 
DIP, and TO-can 
packages. 


It 
For availability 
and burn-in 
information 
on SO and PLCC packages, 
contact 
your local sales office. 


GENERAL 
DESCRIPTION 


The 
MUX-08 
is a monolithic 
eight-channel 
analog 
multi- 
plexer 
which 
connects 
a single 
output 
to one of the eight 
analog 
inputs 
depending 
upon 
the state 
of a 3-bit 
binary 
address. 


The MUX-24 is a monolithic 
four-channel 
differential 
analog 
multiplexer 
configured 
in a double 
pole, four-position 
(plus 
OFF) electronic 
switch 
array. A two-bit 
binary 
input address 
connects 
a pair 
of independent 
analog 
inputs 
from 
each 
four-channel 
input 
section 
to 
the 
corresponding 
pair 
of 
independent 
analog 
outputs. 


All 
switches 
in the 
MUX-08/MUX-24 
are 
turned 
OFF 
by 
applying 
logic "a" to the ENABLE 
pin, thereby 
providing 
a 
package 
select function. 


Fabricated 
with 
Precision 
Monolithics' 
high 
performance 
Bipolar-JFET 
technology, 
these devices 
offer 
low, constant 


"ON" 
resistance, 
low leakage currents 
and fast settling 
time 


with 
low crosstalk 
to satisfy 
a wide variety 
of applications. 


These 
multiplexers 
do 
not 
suffer 
from 
latch-up 
or static 
charge 
blow-out 
problems 
associated 
with 
similar 
CMOS 
parts. The digital 
inputs 
are designed 
to operate 
from 
both 
TTL 
and 
CMOS 
levels 
while 
always 
providing 
a definite 
break-before-make 
action without 
the need for external 
pull- 
up resistors 
over the full operating 
temperature 
range. 


For single 
sixteen-channel 
and dual eight-channel 
models, 


refer to the MUX-16/MUX-28 
data sheet. 


• 


52 
, 


S3 ":EJElllilE!lEV 


20-CONTACT LCC 
(RC-Suffix) 


16-PIN CERDIP (Q-Suffix) 


16-PIN PLASTIC DIP (P-Suffix) 
16-PIN SO (S-Sufflx) 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Note 1) 
Operating Temperature Range 
MUX-08/24-AQ, BQ, BRC 
-55°Cto+125°C 


MUX-02124-EQ, FQ 
-25°C to +85°C 


MUX-08124-EP 
O°Cto +70°C 


MUX-08124-FP, FS 
-40°C to +85°C 


Junction Temperature 
(TJ) •••.•......••..•.••••••••.•• 
--65°C to +150°C 


Storage Temperature Range 
--65°C to +150°C 


P-Suffix 
--65°C to +125°C 


Lead Temperature (Soldering, 60 sec) 
300°C 


Maximum Junction Temperature 
150°C 


V+ Supply to V- Supply 
36V 


Logic Input Voltage 
(-4V or V-) to V+ Supply 


Analog Input Voltage 
V- Supply -20V to V+ Supply +20V 
Maximum Current Through Any Pin 
25mA 


PACKAGE 
TYPE 
alA (Note 2) 
ale 
UNITS 


16-PinHermeticDIPIQ) 
100 
16 
"C!'N 


16-PinPlasticDlP(P) 
62 
39 
"C!'N 


20-C0nlaCllCC 
lAC) 
96 
38 
"C!'N 


16-PinSO(5) 
111 
35 
"C!'N 


NOTES: 
1. 
Absolute 
maximum 
ratings 
apply to both DICE and packaged 
parts, unless 


otherwise 
noted. 
2. a'A is specified 
for worst case mounting 
conditions, 
Le., ajA is specified 
for 
dhvice 
in socket 
for C9rDIP, 
P-DIP, and lCC 
packages; a'A is specified 
for 
device soldered 
to printed circuit board for 50 
package. 
I 


MUX-08A1E 
MUX-08B/F 
MUX-24A/E 
MUX-24B/F 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


"ON" 
Resistance 
RON 
Vs"" 
10V,ls""200~A 
220 
300 
300 
400 


aRON With Applied 
Voltage 
ARoN 
-10V "" Vs "" 10V, Is = 200~A 
3 


RON Match 
Between 
Switches 
RON Match 
Vs = OV, Is = 200~A 
15 
9 
20 


Analog 
Voltage 
Range 
VA 
(Note 6) 
+10 
+10.4 
+10 
+10.4 


-10 
-15 
-10 
-15 


Source 
Current 
(Switch 
"OFF") 
Is tOFfl 
Vs = lOV, Vo = -10V 
(Note 
1) 
0.01 
1.0 
0.01 
2.0 


Drain Current (Switch "OFF") 
10,OFf, 
Vs = lOV, Vo = -10V 
(Note 
1I 
MUX-08 
0.1 
1.0 
0.1 
2.0 


MUX-24 
0.05 
1.0 
0.05 
2.0 


Leakage Current (Switch "ON") 
IOION, 
Vo = 10V (Note 
1I 


MUX-08 
0.1 
1.0 
0.1 
2.0 


+ISION, 
MUX-24 
0.05 
1.0 
0.05 
2.0 


Digital Input Current 
I'N 
V'N = O.4V to 15V 
10 
10 


Digital "0" Enable Current 
IINL 
,EN, 
VEN = O.4V 
4 
10 
4 
10 


Digital Input Capacitance 
C01G 
3 
3 


Switching 
Time 
(tTAANJ 


tpHL 
(Notes 2, 5) Figure 1 
1.5 
2.1 
1.5 
2.1 
tplH 
(Test Circuit) 
1.0 
1.3 
1.0 
1.3 


10V Step to 0.10% 
2.2 
2.2 


Output 
Settling 
Time 
ts 
10V Step to 0.05% 
. 
2.7 
2.7 


10V Step to 0.02% 
3.4 
3.4 


Break-Be10re-Make 
Delay 
tOPEN 
Figure 
3 (Test Circuit) 
0.8 
1.0 


Enable 
Delay "ON" 
tON ,EN, 


(Note 51 Figure 
2 


(Test Circuit) 


Enable 
Delay "OFF" 
tOFF IEN. 
(Note 
5) Figure 
2 
MUX-08 
0.1 
0.4 
0.2 
0.4 


(Test Circuit) 
MUX-24 
0.2 
0.5 
0.3 
0.6 


"OFF" 
Isolation 
ISOOFF 


(Note 4) Figure 
5 
MUX-08 
60 
60 


(Test Circuit) 
MUX-24 
66 
66 


Crosstalk 
CT 
(Note 3) Figure 
4 
MUX-08 
70 
70 


(Test Circuit) 
MUX-24 
76 
76 


Source 
Capacitance 
Cs ,OFF, 


Switch 
"OFF", 
MUX-08 
2.5 
2.5 


Vs=OV, 
Vo=OV 
MUX-24 
2 
2 


Drain 
Capacitance 
CO,OFF, 


Switch 
"OFF", 
MUX-08 
7 


VS=OV, Vo=OV 
MUX-24 
4 


Input 
to Output 
Capacitance 
COS.OFF 
(Note41 
MUX-08 
0.3 
0.3 
MUX-24 
0.15 
0.15 


Positive 
Supply 
Current 
V+ = 15V 
10 
IAII Digital 
Inputs 
1+ 
12 
12 


Logic 
"0" or "1") 
V+ = 5V 
8 


Negative 
Supply 
Current 
V+ = -15V 
3.0 
3.8 
2.0 
(All Digital 
Inputs 
1- 
3.8 


Logic 
"0" or "1") 
V+ = -5V 
?< 
1.8 


~112 
CMOS 
SWITCHES 
& MUL TIPLEXERS 


UNITS 
n 


MUX-G8A1 
MUX-08BI 
MUX-24A 
MUX-24B 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


"ON" 
Resistance 
RON 
Vs S 10V, 's S 2oo~A 
400 
500 
II 


<1RONWith Applied 
Voltage 
<1RON 
-10V S Vs S 10V, 's = 200~A 
1.5 
4.5 
% 


RON Match 
Between 
Switches 
RON Match 
Vs = OV, 's = 2oo~A 
10 
15 
% 


Analog 
Voltage 
Range 


+10 
+10.4 
+10 
+10.4 
VA 
(Note 
6) 
-10 
-15 
-10 
V 
-15 


Source 
Current 
(Switch 
"OFF") 
IStOFFt 
Vs = 10V, Vo ~ -10V 
(Notes 
1,7) 
25 
50 
nA 


Vs = 10V, Vo ~ -10V 
MUX..Q8 
100 
500 


Drain Current 
(Switch 
"OFF") 
'OIOFFI 
nA 


(Notes 
1, 7) 
MUX-24 
50 
500 


IOtON) 
MUX..Q8 
100 
500 
Leakage 
Current 
(Switch 
"ON") 
Vo= 
10V (Notes 
1,7) 
nA 


+ISIONI 
MUX-24 
50 
500 


Digital 
"1" Input Voltage 
V1NH 
(Note 6) 
V 


Digital 
"0" Input Voltage 
V1NL 
(Note 6) 
0.7 
0.7 
V 


Digital 
Input Current 
I'N 
V,N = 0.4V to 15V 
20 
20 
~A 


Digital 
"0" Enable 
Current 
IINLIEN) 
VEN= 0.4V 
20 
20 
~A• 


Positive Supply 
Current 
1+ 
All Digital 
Inputs 
Logic 
15 
15 
mA 
"0"0,"1" 


Nagative 
Supply 
Current 
1- 
All Digital 
Inputs 
5 
5 
mA 
Logic "0" or "1" 


ELECTRICAL 
CHARACTERISTICS 
at V+ - 15V. V- - -15V and -25°C s TA +S5°C for MUX-OSEQ/FQ and MUX-24EQIFQ; 


O°Cs TAS +70°C for MUX-QSEPand MUX-24EP; -40°C S TAS +85°C for MUX-QSFPIFS and MUX-24FP/FS. unless otherwise noted. 


MUX-08EI 
MUX-08FI 


MUX-24E 
MUX-24F 
MIN 
TVP 
MAX 
MIN 
TYP 
MAX 
UNITS 


400 
500 
II 


1.5 
4.5 
% 


10 
15 
% 


+10 
+10.4 
+10 
+10.4 


-10 
-15 
-10 
V 
-15 


10 
10 
nA 


100 
100 


50 
50 
nA 


100 
100 


50 
nA 
50 


V 


0.8 
0.8 
V 


20 
20 
~A 


20 
20 
~A 


15 
15 
mA 


6RON With Applied 
Voltage 


RON Match 
Between 
Switches 


RON 
Vs ~ laV, Is:5: 200p.A 


<1RON 
-10V S Vs S 10V, 's ~ 200~A 


RON Match 
Vs ~ OV,is = 200~A 


MUX-08 


MUX-24 


MUX-08 


MUX-24 


Digital "'''lnput 
Voltage 


Digital "0" Input Voltage 


Digital Input Current 


Digital "0" Enable Current 


'O,ON, 


+IS,ON, 


V1NH 


V1NL 


I'N 


IINl,EN. 


INote6} 


INote6} 


V,N ~ O.4V to 15V 


VEN= 0.4V 


All Digital Inputs Logic 
"0" or "1" 


All Digital 
Inputs 


Logic "0" or "1" 


NOTES, 
1. 
Conditions 
applied to leakage tests insure worst case leakages. Exceed- 
ing 11V on the analog input may cause an "OFF" channel to turn "ON". 
2. 
RL ~ 10MIl, 
CL = 10pF. 


3. 
Crosstalk 
is measured 
by 
driving 
channel 
8 with 
channel 
4 "ON". 


RL ~ 1Mil, 
CL ~ 10pF, Vs = 5V RMS, f = 500kHz. 


4. 
"OFF" isolation 
is measured by driving channel 8 with ALL channels "OFF". 


RL = 1kll, 
CL ~ 10pF, Vs = 5V RMS, f ~ 500kHz. 
Cos is computed 
from the 


OFF isolation 
measurement. 


5. 
Sample tested. 


6. 
Guaranteed 
by leakage current 
and RON tests. 


7. 
Leakage tests are performed 
only on military temperature 
grades at 125°C. 


DIE SIZE 0.093 X 0.059 inch, 5487 sq. mils 
(2.362 x 1.500 mm, 3543 sq. mm) 


1. AO 
2. ENABLE 
3. V- (SUBSTRATE) 
4. S1 
5. S2 
6. S3 
7.54 
8. DRAIN 


9. sa 
10. S7 
11. S6 
12. S5 
13. V+ 
14. GND 
15. A2 
16. Al 


1. AO 
2. ENABLE 
3. V- (SUBSTRATE) 
4. S1 A 
5.52A 
8. S3A 
7.54A 
8. DRAIN A 


9. DRAIN B 
10. 54 B 
11. S3 B 
12. S2 B 
13. 51 B 
14. V+ 
15. GND 
18. Al 


MUX-08/ 
MUX-08/ 
MUX-08/ 


MUX·24NT 
MUX-24N 
MUX-24G 
PARAMETER 
SYMBOL 
CONDITIONS 
LIMIT 
LIMIT 
LIMIT 
UNITS 


"ON" 
Resistance 
RON 
Vs ~ OV, 
300 
300 
400 


's ~ 200~A 
TA= 125°C 
400 
llMAX 


Digital 
"1" Input 
Voltage 
V1NH 
INote 
21 
VMIN 


Digital "0" Input Voltage 
V1Nl 
{Note 
21 
0.8 
0.8 
0.8 
V MAX 


Digital "0" Input Current 
10 
10 
10 
Ilt',jl 
V'N= 
0.4V 
TA = 125°C 
20 
~A MAX 


Digital "0" Enable Current 
10 
10 
10 
lINL,EN' 
V'N ~ O.4V 
TA = 125°C 
20 
~A MAX 


Positive Supply Current 
12 
12 
12 
1+ 
mAMAX 
{All Digital 
Inputs 
Logic 
"0", 
TA = 125·C 
15 


Negative 
Supply 
Current 
3.8 
3.8 
3.8 
1- 
mAMAX 
(All Digital 
Inputs Logic "0", 
TA = 125·C 
5 


Analog Input Range 
VA 
(Note 
21 
±10 
±10 
±10 
VMIN 


NOTE: 
Electrical 
tests are performed 
at wafer probe to the limits shown. Due to variations 
in assembly mehtods and normal yield loss, yield after packaging 
is not 
guaranteed 
for standard product 
dice. Consult factory to negotiate specificatIons 
based on dice lot qualification 
through 
sample lot assembly and testing. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 
at V+= 
1SV,V-=-1SV 
and TA = 25°C for MUX-08/24N 
& G, TA = 125°C for 
MUX-08/24NT, 
unless otherwise noted. 


NOTES: 
1. The 
data 
shown 
is extrapolated 
from 
measurements 
made 
on 
the 


packaged devices. 


MUX-08/ 
MUX-08/ 
MUX-08/ 


MUX-24NT 
MUX·24N 
MUX-24G 
TYPICAL 
TYPICAL 
TYPICAL 


1.7 
1.3 
2.1 


1.1 
0.9 
1.3 


2.1 
1.5 
1.9 


0.8 
0.8 
1.0 


70 
70 
70 


20 
0.5 
0.5 


+10.4/-15 
+10.4/-15 
+ 10.4/-15 


2. Guaranteed 
by leakage current and RONtests. 


PARAMETER 
SYMBOL 
CONDITIONS 


Switching 
Time ,tTRAN) 
tpHL 
(Note 1) 


tPLH 


Output Settling Time 
ts 
10V Step to 0.1% INote 
11 


Break-Before-Make 
Delay 
tOPEN 
INote 1) 


Crosstalk 
CT 
(Note 1) 


..\RON With Applied 
Voltage 
..iRON 
-10V:5 
Vs:5 10V, 's = 200~A 


Leakage Current 
(Switch "ON") 
IO,ON 
Vo ~ 10V INote 
11 


Analog 
Input Range 
VA 


MUX-08/MUX-24 


MUX-08 
MUX-24 
LOGIC STATE 
LOGIC STATE 


"ON" 
"ON" 
A2 
Al 
AO 
EN 
CHANNEL 
Al 
AO 
EN 
CHANNEL 


X 
X 
X 
L 
NONE 
X 
X 
L 
NONE 


L 
L 
L 
H 
L 
L 
H 
1 


L 
L 
H 
H 
2 
L 
H 
H 
2 


L 
H 
L 
H 
3 
H 
L 
H 
3 


L 
H 
H 
H 
4 
H 
H 
H 
4 


H 
L 
L 
H 
5 


H 
L 
H 
H 
6 


H 
H 
L 
H 
7 


H 
H 
H 
H 
8 


MUX-08 
BREAK-BEFORE-MAKE 
SWITCHING 
MUX-08 
LARGE-SIGNAL 
SWITCHING 
MUX-08 
SMALL-SIGNAL 
SWITCHING• 
-=-u.. 


--- 
IpS. 
5V 


RL" lMn. cL •• 10pF. v, - -lOV, va - +10V 


VOLTAGE 
- 5V!DIV 


TIME •• lpslOlV 


RL" 
lMn, CL • 10pF. V, 
•• -5OOmV. 
Va" 
+SOOmV 
VOLTAGE·500mV/DIV 
TIME· 
'ps/DIV 


MUX-08 
SMALL-SIGNAL 
SWITCHING 
WITH FILTERING 


MUX-08 
SMALL-SIGNAL 
SWITCHING 
WITH 21'SSAMPLE TIME 


MUX-08 
SMALL-SIGNAL 
SWITCHING 
WITH FILTERING AND 
2.51's SAMPLE TIME 


Rl • lMn. Cl '" 500pF. v, 
•• 5OOmV. Va • +500mV 


VOLTAGE 
•• 5OOmV!OIV 


TIME" 
lJls/DIV 


RL· 
lMn, CL· 
10pF. V, • -500mV. 
Va" 
+500mV 
VOLTAGE·50OmV!DIV 
TIME· 
SOOns/DIV 


RL· 
1Mn, CL· 
SOOpF. V, "-500mV, 
Va '" +500mV 
VOLTAGE·500mV/DIV 
TIME •• 500ns/OIV 


NOTE: 
Top waveforms: 
Digital 
Input 5V1DIV 
Bottom 
waveforms: 
Multiplexer 
Output 


MUX-08 CROSSTALK AND 
MUX-08 CROSSTALK AND 
OFF ISOLATION 
PERFORMANCE 
OFF ISOLATION 
PERFORMANCE 
OF CHANNEL 8 
OF CHANNEL 8 


~ 
140 
~ 


140 
2.S 


EPOXY 
(PI PACKAGE ~T"O 


CERAMIC 
(0) PACKAGE f~"o 
" 
" 
~ 120 
~ 120 
" 
" 
2.0 
l- 
i:! 
~ 
5 


100 
100 


'" 
'" 


_ 
1.5 
0 
80 
0 
80 
1 
z 
z 
0 
0 
3 
>= 


60 
:3 
60 
~ 
1.0 


Ii) 
VI+) ••• '5V 
~ 


VI+) '" .,5V 
~ 
V(-l '" -1SV 
VI-)" 
-15V 


0 
40 
A" 
2s<'C 
40 
TA-2SOC 


CROSSTALK: 
0 
CROSSTALK: 
O.S 
0 
20 
RL" 
1Mf/:. CL •• lOpF, 
VS" 
+5V RMS 
0 
20 
RL •• 1Mf/:, CL •• 10pF. 
Vs '"+5V RMS 
> 
OFF ISOLATION: 
> 
OFF-ISOLATION: 
.. 
.> 
~ 
RL'" 
lkf/:. Cl 
•• 10pF. 
VS" 
+5V RMS 
~ 
Rl 
•• tkO, 
CL •• 10pF. 
VS" 
+5V RMS 
> 
0 
> 
0 
lk 
10k 
lOOk 
1M 
10M 
lk 
10k 
lOOk 
1M 
10M 


FREQUENCY 
(Hz) 
FReaUENCY 
1Hz) 


ENABLE DELAY TIMES 
vs TEMPERATURE 


2.S 


2.0 


j 
1.S 
.3 
w 
'" 
>= 
1.0 


V+ ••• '5V 
v- '" -15V 
VS2 - Vss" 
OV 


RL" lkn 
MUX-08A, 
E 
VS1" 
tOV 
MUX-08B. F 
VSt 
•• 2V 


MUX-08A,E; 
MUX·24A,E 
- toFF 


-SO 
-25 
25 
50 
75 
100 
125 


TEMPERATURE 
lOCI 


_ 
V+ •• 15V 


_ 
v-- 
-15V 


_ 
TA" 
2S"c 
=~i 


MUX-08B.F 
MUX'24B:~ 


=1 
's 
=' 
! 
- 
D 
MUX-08A,E 
MUX·24A.E 


u 
:1400 
t; 
~ 
z 
300 
o 
I 
Zo 
'" 
200 


100 
-2000 
-1200 
-400 
0 
400 
1ZOO 
2000 
-1600 
-800 
800 
1600 
IS - 
SWITCH CURRENT 
~I 


"ON" RESISTANCE (RON) 
vs ANALOG VOLTAGE (VA) 


I 
I 


IS .'200~A 
- 
MUX-08B,F- 
MUX·24B,F, 
IS" 200pA 
MUX·08A,E 
MUX·24A,E 


V+ •• +15V 
v- 
•• -15V 
TA" 
:zsoc 


~"t; 


~ 
200 
zo 
I 
Z 
0:0 100 


o 
-10 
-8 
-6 
-4 
-2 
0 
2 
4 
6 
8 
10 


VA - ANALOG INPUT VOLTAGE (VOLTSI 


uz 
" 
300 
t; 
~ 
~ 
200 


I 
Z,p 


100 


TRANSITION 
TIMES 
vs TEMPERATURE 


V+" 
15V 
MUX-088.F ~ 
v- 
•• -15V 
MUX-248.F 


RL" 
10Mn 


CL •• 10pF 
MUX-08A,E ~ 
MUX-24A,E 


;;;0- 


600 


600 


S 
~" 


400 
t; 
~ 
z 
300 
0 
I 
Z,p 


200 


- 
V+ •• +15V 


- 
V- 
•• 
lSV 


- 
TA •• 25"'c 
~r· 


~~~~::~- 


M~ 
D 
./ 
MUX-24A,E_ 
- 


100 


-800 
-600 
-400 
-200 
0 
200 
400 
600 
800 
Vs - SWITCH VOLTAGE lmV) 


SWITCH LEAKAGE 
CURRENTSvs 
ANALOG 
INPUT VOLTAGE 


V+ •• 15V 


~A: 
;~56 
I 
I 


lolOFFJ - 


-.;;;;:, •...•. 
1 


~ 


IslOFF) 
I-- 


"- 
lolON) 
I 
-I 
1 
1 
1\ 


1 
~ 
1.0 


'" 
::>u 


I&l 
0.1 
~; 
z 
~O.o1 
~ 


0.001 


-15 
-10 
-5 
0 
5 
10 
15 


VA - ANALOG INPUT VOLTAGE lVOLTS) 


SWITCH LEAKAGE CURRENTS 
vs TEMPERATURE 


'00 


1 10 
I-~~il 
w"~; 


:r" 
0.1 
I-~ 


- 
V+ -+15V 
I 
I 
= V 
•• 
15V 
~vs 
-lOV 


- 
Vo -tOV 
loloH!? 
- 


I 
1.........- 
I 


ISION) + IO(ON) ~ 


t=±IS{OFFI 
./ 


0.01 
-55 
-25 
0 
25 
50 
75 
100 
125 
TEMPERATURE 
(OCI 


NiUX-24 
SMALL-SIGNAL 
SWITCHING 


RL" 
lMO, CL '" 10pF, v, .. -SOOmV, 


V4" 
+500mV 
VOLTAGE" 
SOOmV/DIV, TIME 
E lj.l$/DIV 


MUX-24 
SMALL-SIGNAL 
SWITCHING 
WITH FILTERING 
AND 2.5/-'s SAMPLE TIME 


AL" 
lMO, CL" 
5OOpF. v, .. -50OmV. 


v.••• +5OOmV 
VOLTAGe 
•• SOOmVlDIV. TIME" 
SOOmJDIV 


NOTE: 
Top waveforms: Digital Input 5V1DIV 
Bottom waveforms: Multiplexer 
Output 


SUPPLY CURRENTS 
vs TEMPERATURE 


I. 
vs+" 
+15V 


"'" 
MUX·08A,E I-- 
_ 
Vs-" 
-15V 


MUX-24A,E 
"'{.... - 
;;;::::::: " 
:-- 


MUX-088.F 
MUX·24B,F 
I-- 


1- 
MUX-08A,E 
MUX-24A,E 
- 
I 
- 


MUX.oSB,F 
MUX-24B.F 


MUX-24 
SMALL-SIGNAL 
SWITCHING 
WITH FILTERING 


AL" 
lMf2, CL •• 500pF, v, .. -50Omv, 
V4" 
+500mV 
VOL TAGE" 
SOOmV/DtV. TIME" 
lj.l5/0IV 


MUX-24 
BREAK-BEFORE-MAKE 
SWITCHING 


MUX-Ga 
SWITCH CAPACITANCES 


VB ANALOG INPUT VOLTAGE 
IJ,LI 
II. 


v- ..-15V 
ColONy /' 
TA" 
25°C 


_I--'" /coloFFl 


_I--'"- 
•... 


eS(OFF) 
l.- 


o 
-12 
-8 
-4 
0 
.• 
8 
12 


VA - 
ANALOG 
INPUT VOLTAGE 
(VOLTS) 


MUX-24 
SMALL-SIGNAL 
SWITCHING 
WITH 2/-'s SAMPLE TIME • 


RL = lMO, CL" 
10pF, v, .. -500mV, 


V4" 
+500mV 
VOLTAGE 
•• 5OOmV/DIV, TIME" 
SOGns/DIV 


MUX-24 


LARGE-SIGNAL 
SWITCHING 


MUX-24 
SWITCH CAPACITANCES 
VB 
ANALOG INPUT VOLTAGE 


MUX-24 
CROSSTALK AND OFF 
ISOLATION 
PERFORMANCE 
OF CHANNEL 3A 
DIGITAL INPUT CURRENTS 


VB TEMPERATURE 


V+·15V 
v- - -15V 
ALL 
DIGITAL 
INPUTS ARE 
LOGIC "0" 


~140 
" 
~ 
120 


~'OO 
u 
'" 
~ 
80 
o 
3 
60 
~ 


I I I 
V+" 
15V 
V-=-15V 


ColON) 
11/ 


~l 


eslOFF) 
- 


~~ 40 
0 
I 
" 
20 
> 
+I: 
0 
'k 


1111 
111111 


OFF 
ISOLATION 


V+·15V 
v-· -15V 
TA-:s'C 
CROSSTALK: 
AL - lMn, 
CL - 10pF, Vs. 
5V RMS 


RON (SWITCH NO. 41 - JOOn 
OFF 
ISOLATiON; 


Rl· 
lkfl. 
CL" 
lOpF. Vs· 
5V RMS 
o 
-12 
-8 
4 
0 
4 
8 
12 


VA - 
ANALOG 
INPUT VOL TAGE (VOLTS) 


• Sla 
S2A, S28 
SJA. SJB 
S48 


• SlB 
S2A, S2B 
SJA, S3B 
S48 


• SlB 


S2A. S28 
~:~: 


EN 


NeIDB) 


+O.4V 
A2INe) 


vs, 
O.SVSl 


SWITCH 
OUTPUT 
vo 


(SEE FIG. 1) 


0.8 Vss 
vss 
TRANSITION 
"'HL 


0 
0.1 Vo 


SWITCH 
OUTPUT 
vo 


(SEE FIG. 21 


0.9 Vovo 


vo 


SWITCH 
OUTPUT 
SOlI 
vo 
I 
(SEE FIG. 3) 
I 
I 
I 
I 
t--toPEN--! 


3.5V 


LOGIC INPUT 


SOlI 


APPLICATIONS 
INFORMATION 


These analog multiplexers employ ion-implanted JFETs in a 
switch configuration designed to assure break-before-make 
action. The turn-off time is much faster than the turn-on time 
to guarantee this feature over the full operating temperature 
and input voltage range. Fabricated with Bipolar-JFET pro- 
cessing, special handling as required with CMOS devices, Is 
not necessaryto prevent damage to this mUltiplexer. Because 
the digital inputs only require a 2.0V logic "1" input level. 
power-consuming pull-up resistors are not required for TTL 
compatibilityto 
insure break-make switching as is most often 
the case with CMOS multiplexers. The digital inputs utilize 
PNP input transistors where input current is maximum at the 
logic "0" level and drops to that of a reverse-biased diode 
(about 10nA) as the input voltage is raised above ~ l.4V. 


The "ON" resistance. RON. of the analog switches is constant 
over the wide input voltage range of -15V to +llV 
with 
VSUPPLY 
= ±15V. Higher input voltage is tolerable provided 
that some form of current limiting is employed (such as that 
of an op-amp output stage) to avoid exceeding junction 
temperature and power dissipation requirements. For normal 
operation, however. positive input voltages should be restric- • 
ted to 11V(or4V less than the positive supply). This assures 
that the VGSof an "OFF" switch remains greater than its Vp• 
and prevents that channel from being falsely turned "ON". 
When operating with negative input voltages. the gate-to- 
channel diode will be turned on if the voltage drop across 
an "ON" switch exceeds -0.6V. While this condition 
will 
cause an error in the output. it will not damage the switch. In 
lab tests, the multiplexer output has been loaded with a 
O.Q1ItFcapacitor in the circuit of Figure 1.With V1=-10V and 
Va= + 10V,the logic input was driven at a 1kHz rate. The 
positive-going slew rate was 0.3V/lts which is equivalent to a 
normal loss of 3mA. The negative-going 
slew rate was 
0.7V/lts which is equivalent to a "reverse" loss of 7mA. Note 
that when switch 1 is first turned "ON" it has a drop of -20V 
across its terminals. In spite of that fact, the current is limited 
to approximately twice its normal 'OSS. 


CROSSTALK AND OFF-ISOLATION 


Crosstalk and off-isolation 
performance is influenced by 
the type of package selected. Epoxy (P) packaged devices 
typically 
exhibit 
a 12dB improvement 
in off-isolation 


(f = 500kHz) performance when compared to ceramic (Q) 
packaged devices. Epoxy packaged devices typically exhibit 
a 15dB improvement in crosstalk (f = 500kHz) performance 
when compared to ceramic (Q) packaged devices. 


SINGLE SUPPLYOPERATION OF JFET MULTIPLEXERS 


PMl's JFET multiplexers will operate from a single positive 
supply voltage with the negative supply pin at ground 
potential. The analog signal range will include ground. 


For complete single supply operation information. refer to 
application note, AN-32. 


DRAIN 
OUTPUT 
(VD' 


I 
I 
I 
---J 


FOR MUX -24 SWITCH PAIRS S1 - 
Ss. ~ 
- Sti. 
S4 - Sa ARE TURNED ON BY 


A REPROGRAMMED 
DECODING MATRIX 
AND A21S NO LONGER USED_ 


THE COMMON ANALOG BUS IS SPLIT IN HALF TO PROVIDE (DRAIN 
Bl OUTPUT. 


The simplified MUX-QS/MUX-24schematic shows that logic 
trip points are determined by two forward diode drops. An 
internal clamping diode between V- and ground prevents 
excessive current flow between V+ and ground in the event 
that V- becomes open circuit. 
The decoding matrix is 
accomplished by a programmed diode array. The switch cell 
consists of P channel JFET's with appropriate blocking 
diodes which ruggedizes the circuit's overvoltage and supply 
loss characteristics. 


DIFFERENTIAL MULTIPLEXERS 
One characteristic 
unique 
to differential 
multiplexers 


(MUX-24) is the ability to reject common-mode signals from 
becoming differential error signals. Common-mode rejection 
isa parameter which defines the amount of rejection in terms 
of dB. The MUX-24 exhibits a 106dB at 60Hz and 101dBat 
400Hz of CMRR using the test circuit of Figure 6. 


VSUp• 
±15V 


Ao- 
A,·OV 


EN - 
+-5V 


CMRR = 20 log 
(VO 
) 
1000 X Vi 


OVERVOLTAGE V-I 
CHARACTERISTIC 
OVERVOLTAGE V-I 
CHARACTERISTIC 
POWER-LOSS V-I 
CHARACTERISTIC 


TA·2S0C 
DUAL·SUPPL V 


Vs· 
t15V 
OPERATION 
VN -.5V 
Ve--15VFORVA>O 
Ve· 
.,OV FOR VA< 0 


/ 
I--" 


I 
I 


TA·2SoC 
SINGlE·SUPPLY 


VS(+I- 
15V 
OPERATION 


VS(-) 
• OV (GROUND) 


VN· 
+5V 


Ve· -lOV 


I--"- 


1/ 


TA •.'25°C 
VS(+1 • OV (GROUND) 
VN-OV 
Ve. 
-lOV 


/-- 


I-"" 
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:< 
]. 
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~ 
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MUX.Q8 


A2INe) 
fMUX-24) 


At 
S1-57 


(.) 


IlIIIIIIIII ANALOG 
WDEVICES 


I 


16-Channel/Dual 8-Channel JFET 
Analog Multiplexers (Overvoltage Protected) 


MUX-16/MUX-28 
I 


FEATURES 


• 
JFET Switches Rather Than CMOS 
• 
Highly Resistant To Static Discharge Damage 
• 
No SCR Latch-up Problems 
• 
Low "ON" Resistance - 
2900Typlcal 
• 
Low Leakage Current 
• 
Digital Inputs Compatible 
With TTL and CMOS 
• 
Break-Before-Make 
Action 
• 
1250 C Temperature-Tested 
Dice Available 
• 
Overvoltage Protected 
• 
Supply Loss Protection 
• 
MUX-16 Pin Compatible 
With DG506, HI-506A, AD7506 
• 
MUX-28 Pin Compatible 
With DG507, HI-507A, AD7507 
• 
Available In Ole Form 


PACKAGE 
OPERATING 


25'C 
CERDIP 
LCC 
PLASTIC 
TEMPERATURE 
RESISTANCE 
28-PIN 
28-<XlNTACT 
28-PIN 
RANGE 


2900 
MUX18AT· 
MIL 
2900 
MUX16ET 
INO 
4000 
MUX16BT· 
MUX16BTC'883 
MIL 
400n 
MUX16FT 
MUX16FP 
XIND 
4000 
MUX16FPC 
XIOO 
2900 
MUX28Ar 
MIL 
2900 
MUX28ET 
INO 
400n 
MUX28BT· 
MUX28BTC'883 
MIL 
4000 
MUX28FT 
MUX28FP 
XIND 
4000 
MUX28FPC 
XINO 


For devices processed In total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 


The MUX-16is a monolithic 16-channel analog mUltiplexer 
which connects a single output to 1 of the 16analog inputs 
depending upon the state of a 4-bit binary address. Discon- 
nection of the output is provided by a logical "0" at the 
ENABLE input, thereby 
providing 
a package selection 
function. 


The MUX-28 is a monolithic 8-channel differential analog 
multiplexer configured in a double pole, 8-position (plus 
OFF) electronic switch array. A 3-bit binary input address 
connects a pair of independent analog inputs from each 
8-channel input section to the corresponding pair of inde- 
pendent analog outputs. Disconnection of both inputs is 
provided by a logical "0" at the ENABLEinput, thereby offer- 
ing a package select function. 


Fabricated with Precision Monolithics' high performance 
Bipolar-JFET technology, these devices offer low, constant 
"ON" resistance. Performance advantages include low leak- 
age currents and fast settling time with low crosstalk to 
satisfy a wide variety of applications. These multiplexers do 
not suffer from latch-up or static discharge blow-out prob- 
lems associated with similar CMOS parts. The digital inputs 
are designed to operate from both TTL and CMOS levels 
while always providing a definite break-before-make action 
without the need for external pull-up resistors. For single 
8-channel 
and dual 
4-channel 
models, 
refer 
to 
the 
MUX-08/MUX-24 data sheet. 
• 
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N.C. 
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51' 
• 
515 
5 


5" 
513 1 


512 I 


511 
I 


510 1 


51 
11 


GND 1 


N.C. 13 


28-PIN 
PLASTIC 
DIP 
(P-Sufflx) 


28-PIN 
CERDIP 
(T-Sufflx) 


MUX-16 
MUX-28 


"ON' 
"ON" 
"ON" 
As A. A, AO EN CHANNEL AS A. A, AO EN CHANNEL 
A. A, AO EN CHANNEL 
PAIR 
X 
X 
X 
X 
L 
NONE 
H 
L 
L 
L 
H 
9 
NONE 
X 
X 
X 
L 
L 
L 
L 
L 
H 
1 
H 
L 
L 
H 
H 
10 
L 
L 
L 
H 
1 
L 
L 
H 
H 
2 
H 
L 
H 
L 
H 
11 
L 
L 
H 
H 
2 
L 
L 
H 
L 
H 
3 
H 
L 
H 
H 
H 
12 
L 
H 
L 
H 
3 
L 
L 
H 
H 
H 
4 
H 
H 
L 
L 
H 
13 
L 
H 
H 
H 
4 
L 
H 
L 
L 
H 
H 
H 
L 
H 
H 
14 
H 
L 
L 
H 
L 
H 
L 
H 
H 
6 
H 
H 
H 
L 
H 
15 
H 
L 
H 
H 
6 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
16 
H 
H 
L 
H 
7 
L 
H 
H 
H 
H 
8 
H 
H 
H 
H 
8 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Note 
1) 
Operating 
Temperature 
Range, 
MUX-16128-AT, 
BT, BTC 
-55°C 
to + 125°C 
MUX-16128-ET 
-25°C 
to +85°C 
MUX-16128-FP, 
FPC, 
FT 
-40°C 
to +85°C 
Junction 
Temperature 
(TJ) .•..•...•....•.•..•..•.••••••• 
-65°C 
to + 150°C 
Storage 
Temperature 
Range 
-65°C 
to + 150°C 
Lead Temperature 
(Soldering, 
60 sec) 
300°C 
Maximum 
Junction 
Temperature 
150°C 
V+ Supply 
to V- 
Supply 
36V 
Logic 
Input 
Voltage 
(V- 
or -4V) 
to V+ Supply 


Analog 
Input 
Voltage 
......• V- 
Supply 
-20V 
to V+ Supply 
+20V 


~ 
~~~~i)':J 
. ,. 12821 


515 
5 
,,57 


M UX·16BTC/883 
514 
I 
•• 
51 


513 
1 
" 
55 
LCC 


512 
I 
" .. 
(TC-Suffix) 
511 . 
" 
53 
PLCC 
510 10 
...•. 


so 
" 
I' 
51 
(PC-SuffiX) 


ull13111' 15111.111111 
i 
<i :t :t c ~ ~ 


" 
Z 
I 
. . 
~ ~ 
!Hdd 


MUX·28BTC/883 
LCC 
(TC-Suffix) 
PLCC 
(PC-Suffix) 


Maximum 
Current 
Through 
Any Pin 
25mA 


PACKAGE TYPE 
8lA (Note2) 
8le 
UNITS 


28-PinHenneticDIP(T) 
55 
15 
"CIW 


28-PinPlasticDIP(P) 
56 
30 
"CIW 


28-C0ntaelLCC(TC) 
86 
35 
"CIW 


28-ContaelPlCC (PC) 
70 
33 
"CIW 


NOTES: 
1. Ratingsapplyto bothDICEand packagedparts,unlessotherwisenoted. 
2. 
8'A is specified for wO(stcase mountingconditions, Le., 8'A is specifiedfor 
dl.vice in socket for C8rDIP, P-DIP,and lCC packages;8:A is specifiedfO( 
deVIcesolderedto pnntedCIrCUitboardfor PlCC package. 


ELECTRICAL 
CHARACTERISTICS 
at Vs = ±15V 
and TA = 25°C, 
unless 
otherwise 
noted. 


MUX-16A1E 
MUX-16B/F 
MUX-28A/E 
MUX-28B/F 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


"ON" Resistance 
RON 
VS'; 10V,Is'; 200~A 
290 
380 
400 
580 
11 


"R ONWith Applied Voltage 
"RON 
-'OV'; 
VS'; 10V,Is ~ 200~A 
1.5 
1.5 
% 


RONMatch Between Switches 
RONMatch 
Vs = OV,Is = 200~A 
15 
9 
20 
% 


+10 
+11 
+10 
+11 
Analog Voltage Range 
VA 
INote6) 
-10 
-15 
-10 
-15 
V 


Source Current (Switch "OFF") 
IsIOFF) 
Vs= 10V,Va= -10V INote 11 
0.01 
0.01 
nA 


Drain Current (Switch "OFF") 
'oIOFF) 
Vs= 1OV,Vo = -10V INote 1) 
MUX-16 
0.2 
0.2 
MUX-28 
0.1 
0.1 
nA 


Leakage Current (Switch "ON") 
lolONI 
MUX-16 
0.2 
0.2 
2 
+lsION) 
Vo = 10V (Note 1) 
MUX-28 
D.' 
0.1 
2 
nA 


Digital Input Current 
I'N 
V'N= 0.4Vto 15V 
10 
10 
~A 


ELECTRICAL 
CHARACTERISTICS 
at Vs = ±15V and TA = +25°C, unless otherwise noted. Continued 


MUX·16A1E 
MUX·16B/F 
MUX·28A/E 
MUX·28B/F 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


4 
10 
4 
10 


PARAMETER 


Digital "0" Enable Current 


Digitallnpul 
Capacitance 


Break-Belore·Make 
Delay 


Enable Delay "ON" 


Positive 
Supply Current 
(All Digital 
Inputs 
Logic "0" or "1") 


Negative 
Supply Current 
(All Digital Inputs 
Logic "0" or '1") 


SYMBOL 


I'NL (EN) 


Co,c 


tpHL 
tpLH 


CO (OFF) 


CDS (OFF) 


CONDITIONS 


VEN = 0.4V 


(Notes 2.5) Figure 1 
(Test Circuits) 


1OV Step to 0.1 0% 
1OV Step to 0.05% 
10V Step to 0.02% 


Figure 3 


(Note 5) Figure 2 
(Test Circuits) 


(Note 5) Figure 2 
(Test Circuits) 


(Note 4) Figure 4 
(Test Circuits) 


(Note 3) Figure 5 
(Test Circuits) 


Switch "OFF." 
Vs =OV. Vo =OV 


Switch "OFF." 
Vs =OV. Vo =OV 


(Note 4) 


15 
19 
9 
15 
19 
8 
12 
8 
12 
7 
5 
7 
as 
573 
4 
3 
4 
2.5 


"OFF" isolation is measured 
by driving channel 8 (8B) with ALL channels 
OFF. 


RL = 1kO,CL = 10pF, Vs =5VRMS, 
1=500kHz. 
CDS is computed 
from the OFF 


isolation 
measurement. 


5. 
Sample tested. 
6. 
Guaranteed 
by leakage current and Ro Ntests. 


3 
3 


1.4 
2.0 
1.8 


1.2 
1.8 
1.6 


2.6 
2.7 
3.2 
3.4 
4.0 
7.2 


0.7 
1 


2 
1.2 


0.25 
0.5 
0.25 
0.25 
0.5 
0.25 


66 
66 


75 
75 


2.5 
2.5 


13 
13 
8 
8 


0.15 
0.15 


MUX-16 
MUX-28 
MUX·16 
MUX-28 


MUX-16 
MUX-28 
MUX·16 
MUX-28 


4. 
NOTES: 
1. 
Conditions 
applied 
to leakage 
tests insure worst case leakages. 


2. 
RL = 10MO, CL = 10pF. 


3. 
Crosstalk 
is measured 
by driving channel 
8 (8B*) with channel 
7 (7B*) ON. 


RL = 1MO, CL = 10pF, Vs = 5V RMS, I = 500kHz. 


UNITS 


"" 
pF 


~s 


~s 


~s 


~s 


~s 


dB 


dB 


pF 


pF• 


pF 


ELECTRICAL 
CHARACTERISTICS 
atV s = ±15V, -55°C:s: TA:s:+125°C for MUX-16AT/BT/BTC and MUX-28AT/BT/BTC; -25°C 
:s:TA:s:+85°C for MUX-16ET and MUX-2BET; -40°C s TA :s:+B5°C for MUX-16 FT/FP/FPC and MUX-2BFT/FP/FPC. unless otherwise 
noted. 


MUX·16A/E 
MUX·16B/F 
MUX·28A/E 
MUX·28B/F 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


·ON- Resistance 
RON 
Vs s 10, Is s 200"" 
500 
800 
0 


ARON With Applied Vollage 
ARON 
-10V 
s Vs s 10V, Is = 200"" 
2 
5.5 
% 


Ro N Match Between 
Switches 
Ro N Match 
Vs = OV, Is = 200"" 
10 
15 
% 


Analog Voltage 
Range 
VA 
(Note 6) 
+10 
+11 
+10 
+11 
V 
-10 
-15 
-10 
-15 


Source Current 
(Switch"OFF") 
Is (OFF) 
Vs = 10V, Vo = -10V 
(Note 1) 
25 
50 
nA 


Drain Current 
(Switch 'OFF") 
10 (OFF) 
Vs = 10V, Vo =-10V 
(Note 1) 
75 
250 
nA 


Leakage 
Current 
10 (ON) 
VO = 10V (Note 1) 
75 
250 
nA 
(Switch 
"ON") 
+Is (ON) 


Digital "1" Input Voltage 
V1NH 
(Note 6) 
2 
2 
V 


Digital "0" Input Voltage 
V1NL 
(Note 6) 
0.7 
0.7 
V 


Digital Input Current 
I'N 
V'N = 0.4V to 15V 
20 
20 
"" 
Digital "0" Enable Current 
I'NL (EN) 
VEN =0.4V 
20 
20 


"" 
Positive 
Supply 
Current 
1+ 
All Digital Inputs Logic "0" or "1" 
24 
24 
mA 


Negative 
Supply Current 
1- 
All Digitallnpuls 
Logic "0" or "1" 
8.2 
8.2 
mA 


DIE SIZE 0.110X 0.076 inch, 8360 sq. mils 


(2.794 X 1.930 mm, 5392 sq. mm) 


1. POSITIVE SUPPLY 
4. SOURCE 16 (S16) 
5. SOURCE 15 (S15) 
8. SOURCE 14 (S14) 
7. SOURCE 13 (S13) 
8. SOURCE 12 (S12) 
9. SOURCE 11 (Sll) 


10. SOURCE 10 (S10) 
11. SOURCE 9 (S9) 
12. GROUND 
14. ADDRESS BIT 3 (A3) 
15. ADDRESS BIT 2 (A2) 
18. ADDRESS BIT 1 (Al) 


17. ADDRESS BIT 0 (AO) 
18. ENABLE 
19. SOURCE 1 (Sl) 
20. SOURCE 2 (S2) 
21. SOURCE 3 (S3) 
22. SOURCE 4 (54) 
23. SOURCE 5 (55) 
24. SOURCE 8 (58) 
25. SOURCE 7 (S7) 
28. SOURCE 8 (58) 
27. NEGATIVE SUPPLY (SUBSTRATE) 
28. DRAIN 


1. POSITIVE SUPPLY 
2. DRAIN B 
4. SOURCE 8 (58B) 
5. SOURCE 7 (S7B) 
8. SOURCE 8 (58B) 
7. SOURCE 5 (S5B) 
8. SOURCE 4 (54B) 
9. SOURCE 3 (S3B) 
10. SOURCE 2 (S2B) 
11. SOURCE 1 (SlB) 
12. GROUND 
15. ADDRESS BIT 2 (A2) 
18. ADDRESS BIT 1 (Al) 


17. ADDRESS BIT 0 (AO) 
18. ENABLE 
19. SOURCE 1 (SlA) 
20. SOURCE 2 (S2A) 
21. SOURCE 3 (S3A) 
22. SOURCE 4 (54A) 
23. SOURCE 5 (55A) 
24. SOURCE 8 (58A) 
25. SOURCE 7 (S7A) 
28. SOURCE 8 (58A) 
27. NEGATIVE SUPPLY (SUBSTRATE) 
28. DRAIN A 


WAFER TEST LIMITS 
at V+= 
15V, V-=-15V, 
TA= 25°Cfor 
MUX-16/28 
Nand 
G, TA= 125°C for MUX-16/28 
NTand 
GT, unless 


otherwise 
noted. 


MUX-16/ 
MUX-16/ 
MUX-16/ 
MUX-16/ 
MUX-28NT 
MUX-28N 
MUX-28GT 
MUX-28G 
PARAMETER 
SYMBOL 
CONDITIONS 
LIMIT 
LIMIT 
LIMIT 
LIMIT 
UNITS 


"ON" Resistance 
RON 
Vs~OV. 
540 
380 
800 
580 
OMAX 
IS = 200~A 


Digital "1" Input Voltage 
V1NH 
2 
VMIN 


Digital "0" Input Voltage 
V1Nl 
0.8 
0.8 
0.8 
0.8 
V MAX 


Digital "0" Input Current 
IINL 
VIN = O.4V 
20 
10 
20 
10 
~A MAX 


Digital "0" Enable Current 
IINLIENI 
VEN= 0.4V 
20 
10 
20 
10 
~A MAX 


Positive Supply Current 


1+ 
24 
19 
24 
19 
mA MAX 
(All Digital Inputs logic "0") 


Negative Supply Current 
1- 
8.2 
8.2 
mAMAX 
(All Digital 
Inputs 
Logic 
"0") 


Analog 
Input Range 
VA 
(NOle 2) 
±10 
±10 
±10 
±10 
VMIN 


NOTE: 
Electrical 
tests are performed 
at wafer probe to the limits shown. 
Due to variations 
in assembly 
methods 
and normal yield loss, yield after packaging 
is not 
guaranteed 
for standard 
product 
dice. Consult factory to negotiate 
specifications 
based on dice lot qualification 
through 
sample lot assembly and testing. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 
at V+= 
15V, V-=-15V 
and TA = 25°C for MUX-16/28 
Nand 
G, TA= 125°C 


for MUX-16/28 
NT and GT, unless 
otherwise 
noted. 


PARAMETER 
SYMBOL 
CONDITIONS 


Switching 
Time (tTRAN) 
tpHL 
(Note 1) Figure 1 
tpLH 


Output Settling Time 
IS 
10V Step to 0.1% (Note 
11 


Break-Before-Make 
Delay 
tOPEN 
(Note 1) Figure 3 (Test CirclJits) 


Crosstalk 
CT 
(Note 1) Figure 5 (Test Circuits) 


':'RoN With Applied 
Voltage 
':'RON 
-10V" 
Vs" 
10V, Is = 200~A 


Leakage Current 
(Switch "ON") 
IOlONt 
Vo = 10V (Note 
1) 


Analog 
Input Range 
VA 
(Note 21 


MUX-16/ 
MUX-16/ 
MUX-16/ 
MUX-16/ 


MUX-28NT 
MUX-28N 
MUX-28GT 
MUX-28G 
TYPICAL 
TYPICAL 
TYPICAL 
TYPICAL 


2 
1 
2.6 
1.5 
1.8 
0.9 
2.4 
1.4 


2.5 
1.5 
2.9 
1.9 


0.8 
0.8 


70 
70 
70 
70 


1.5 
1.5 
1.5 
1.5 


20 
0.2 
20 
0.2 


+11 
+11 
+11 
+11 


-15 
-15 
-15 
-15 


2. 
Guaranteed 
by RONand leakage current tests. 


NOTES: 
1. The 
data 
shown 
is extrapolated 
from 
measurements 
made 
on 
the 
packaged devices. 


"ON" RESISTANCE (RON) 
vs ANALOG VOLTAGE (VA) 
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MUX-16 SWITCH LEAKAGE 
CURRENTS VB ANALOG 
INPUT VOLTAGE (VA) 


SUPPLY CURRENTS 
VB 
TEMPERATURE (T) 
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MUX-28 SWITCH LEAKAGE 
CURRENTS VB ANALOG 
INPUT VOLTAGE (VAl • 


1.0 


Cc 
I- 
ffi 
0,1 
'"'" 
::>u 
w 
".•";0.01 
'"u 
I- 
jO 
'" 


V+ _ +15V 
v- = ,.V 


TA 
2 •• C 


IO(OFF) 


'S(OFF) 


1010";)= 


0.001 


-15 
-10 
-5 
0 
5 
10 
15 
20 
ANALOG 
INPUT 
VOLTAGE 
(VA) 
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INPUT VOLTAGE 
IVA' 
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PERfORMANCE 
Of 
CHANNELS 
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CROSSTALK 
RL - 
lMn. 
CL •• lOpF, 


Vs - 5V AMS. RONISWITCH ;r7) • 


30051, 
VEN 
- 
+SV 


OFF 
ISOLATION 
Rl 
•• 1kO, 
CL •• lOpF, 
VS •• 5V RMS. 


VEN" 
+O.4V 


MUX-2S 
Off 
PERfORMANCE 
Of 
CHANNELS 
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140 
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CROSSTALK 
(PIN #3 
GROUNDED) 


I II' 
'OFF 'IS'O'LATION 
(PIN #3 


GROUNDED) 
I I II 


CROSSTALK 
(PIN #3 
FLOATING) 


OFF ISOLATION 
(PIN #3 
FLOATING) 


CROSSTALK: 
RL-1Mll, 
CL'''lOpF, 
VS"SV 
RMS, 
RON(SWITCH#7B) 
••300U, 
VEN-+5V 


OFF ISOLATION: 
RL-lIm, 
Cl-1Opf, 


VS •• SV AN$. 
YEN· 
-to."V 


SMALL-SIGNAL 
SWITCHING 
WITH fiLTERING 
AND 
2pI SAMPLE TIME 


NOTE: 
Top Waveforms: 
Digital 
Input 
5V/Div 
Bottom 
Waveforms: 
Multiplexer 
Output 
(VD) 


SMALL-SIGNAL 
SWITCHING 
WITH FILTERING 


BREAK-BEfORE-MAKE 
SWITCHING 


DIGITAL INPUT BIAS 
CURRENTS VI TEMPERATURE (T) 


v1. +~6V 
v- •. -15V 
l'EN- 
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. 
4V 


r-.... 


•.•.••.... 


•..•.... 


NOTE: 
IINL (EN) PLOTTED 
SINCE OTHER 
- 
I- 
DIGITAL INPUT CURRENTSARE 
_ 


I 
ILE~. I 
I 
I 
I 
I 
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SMALL-SIGNAL 
SWITCHING 
WITH 2pI SAMPLE TIME 


~L 


SMALL-SIGNAL SWITCHING 
WITH FILTERING 
AND 2.5/'s SAMPLE TIME 


NOTE: 
Top Waveforms: Digital Input 5V/Div 
Bottom Waveforms: Multiplexer Output (Vo) 


SMALL-SIGNAL SWITCHING 
WITH FILTERING 


BREAK-BEFORE-MAKE 
SWITCHING 
~.--T-~=;---,-r: 
1~ 
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SMALL-SIGNAL SWITCHING 
WITH 2/'s SAMPLE TIME 
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TRANSITION 
TIME 
vs TEMPERATURE 
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ENABLE DELAY TIME 
vs TEMPERATURE 
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SWITCH 
OUTPUT 
Vo 


(SEE FIGURE 1.) 


SWITCH 
OUTPUT 
Vo 


(SEE FIGURE 2.1 


0.9 VQ 
Vo 
Vs 


SWITCH 
OUTPUT 
SO'I. 
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(SEE FIGURE 3.) 
I 
I 
I 
I 


I-'oP'N--I 


IVsl 
ISOOFF 
= 20 log -- 


IVol 


RL 
, 
CL 


kn I'OPF 


IVsl 
CT=201og 
- 
IVol 


RL 
CL 


1 I'OPF 
son 
Mn 


APPLICATIONS INFORMATION 


These analog multiplexers employ ion-implanted JFETs in a 
switch configuration designed to assure break-before-make 
(B.B.M.) action. The turn-off time is much faster than the 
turn-on 
time to guarantee B.B.M. over the full operating 
temperature and input voltage range. Fabricated with JFET 
processing 
rather than 
CMOS. special 
handling 
is not 
necessary to prevent damage to this multiplexer. Becausethe 
digital inputs only require a 2.0V logic "1" input level, power- 
consuming pullup resistors are not required for TTL compat- 
ibility to insure break-before-make switching asis most often 
the case with CMOS multiplexers. The digital inputs utilize 
PNP input transistors where input current is maximum at the 
logic "0" level and drops to that of a reverse-biased diode 
(about 10nA) as the input voltage is raised above = 1.4V. 


The "ON" resistance, RON of the analog switches is constant 
over the wide input voltage range of -15V to +11V with 
VSUPPLY=±15V.The overvoltage and supply-loss V-I charac- 
teristics shown indicate typical performance when the multi- 
plexer is subjected to abnormal signals. For normal operation, 
however, positive input voltages should be restricted to 11V 
(or4V lessthan the positive supply). Thisassures that the VGS 
of an OFF FETswitch remains greaterthan its Vp, preventing 
that channel from being falsely turned ON. 


When operating with negative input voltages, the gate-to- 
channel diode will be turned on if the voltage drop across an 
ON switch exceeds -0.6V. While this condition will cause an 
error in the output, it will not damage the switch. In lab tests, 
the multiplexer output has been loaded with a 0.01!,Fcapaci- 
torin the circuit of Figure 1.With V, =-10V and V16=+10V,the 
logic input was driven at a 1kHz rate. The positive-going slew 
rate was 0.3V1!,Secwhich is equivalent to a normal loss of 
3mA. The negative-going slew rate was 0.7V1!,secwhich is 
equivalent to a "reverse" loss of 7mA. Note that when switch 
one (1) is first turned ON it has a drop of -20V across its 
terminals. 
In spite of that fact, the current is limited to 
approximately twice its normal loss. 
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FOR MUX-28 
SWITCH PAIRS 5, - $g. ~ 
- 510-··· Sa - 516 ARE TURNED ON BY 
A REPROGRAMMED 
DECODING MATRIX 
AND A3 IS NO LONGER USED. 


THE COMMON ANALOG 
BUS IS SPLIT IN HALF TO PROVIDE (DRAIN 
81 OUTPUT. 
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(VO' 
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FEATURES 
• "Clickless" 
Bilateral 
Audio Switching 
• Guaranteed 
"Break-Before-Make" 
Switching 
• Low Distortion 
.•....•..•....•..•....•..•....•....•..•..•.•..•..0.003% Typ 
• Low Noise ..•.•..•..•.•..•..•.•..•..•.•..•....•..•.•..•..•....•..•.•..•1nV/v'HZ 
• Superb OFF-Isolation 
....•..•....•....•..•..•..•.•.......... 120dB Typ 


• Low ON-Resistance 
......•..•....•.••.•..•..•.•..•..•.•..•..•....600 Typ 
• Wide Signal Range: 
Vs = ±18V •..•.•..•....•..•....•..•....•..•.•..•..•.•..•..•....•..•....10V RMS 
• Wide Power Supply Range .•....•..•....•..•.•.••..•••.±9V to ±20V 
• Available 
in Dice Form 


OPERATING 
TEMPERATURE 
RANGE 


XINO' 
XINO' 


PLASTIC 
14-PIN 


SSM2402P 
SSM2412P 


'XINO 
: -40°C 
to +85°C 


SOL 
16-PIN 


SSM2402S 
SSM2412S 


GENERAL DESCRIPTION 


The SSM-2402/2412 are dual analog switches designed spe- 
cifically for high-performance audio applications. Distortion and 
noise are negligible over the full audio operating range of 20Hz 
to 20kHz at signal levels of up to 1OVRMS' The SSM-2402/2412 
offer a monolithic integrated alternative to expensive and noisy 
relays or complex discrete JFET circuits. Unlike conventional 
general-purpose CMOS switches, the SSM-2402/2412 provide 
superb fidelity without audio "clicks" during switching. 


Conventional TTL or CMOS logic can be used to control the 
switch state. No external pull-up resistors are needed. A "r- 
configuration provides superb OFF-isolation and true bilateral 
operation. The analog inputs and outputs are protected against 
overload and overvoltage. 


An important feature is the guaranteed "break-before-make" for 
all units, even IC-to-IC. In large systems with multiple switching 
channels, all separate switching units must open before any 
switch goes into the ON-state. With the SSM-2402/2412, you 
can be certain that multiple circuits will all break-before-make. 


The SSM-2402/2412 
represent a significant step forward in 


audio switching technology. Distortion and switching noise are 
significantly reduced in the new SSM-2402/2412 bipolar-JFET 
switches relative to CMOS switching technology. Based on a 


Dual Audio 
Analog Switches 


SSM-2402/SSM-2412 
I 


new circuit topology that optimizes 
audio performance, 
the 
SSM-2402/2412 make use of a proprietary bipolar-JFET proc- 
ess with thin-film resistor network capability. Nitride capacitors, 
which are very area efficient, are used for the proprietary ramp 
generator that controls the switch resistance transition. Very 
wide bandwidth amplifiers control the gate-to-source 
voltage 
over the full audio operating range for each switch. The ON- 
resistance remains constant with changes in signal amplitude 
and frequency, thus distortion is very low, less than 0.01% Max. 


The SSM-2402 is the first analog switch truly optimized for high- 
performance audio applications. 
For broadcasting 
and other 
switching applications which require a faster switching time, we 
recommend the SSM-2412 -a dual analog switch with one-third 
of the switching time of the SSM-2402. 
• 


GROUND 
1 


SW1 CONTROL 
2 


N.C.* 
3 
14-PIN 
PLASTIC DIP 
(P-Suffix) 


GROUND 
1 


sw, CONTROL 
2 


N.C.· 
3 


16-PIN SOL 
(S-Suffix) 


Switch State 


OFF 
ON 


v+ 0---. 


GND~ 


LOGIC HtGH = ON 
LOGIC 
LOW = OFF 
$1 ,82 = MAIN SWITCHES 
~ 
= SHUNT SWITCH 


0:o 


..• 1< 
",0: 
Zw 
o:z 
l!!~ 
i!;o. 


'"=: 
MAIN SWITCH 
OPENJ 


SHUNT SWITCH CLOSED 
I 
I 
I 


•..•. 
tON 
~ 
...., 
t+" 
'OFF 


HIGHJ 
I' 
CONTROL 
INPUT 


LOW 
••••• ------ 


ABSOLUTE MAXIMUM RATINGS 


Operating 
Temperature 
Range 
-40°C 
to +85°C 


Operating 
Supply 
Voltage 
Range 
±20V 


Analog 
Input 
Voltage 
Range 


Continuous 
V- 
+3.5V 
:5 VA :5 V+ -3.5V 


Maximum 
Current 
Through 
Switch 
20mA 


Logic 
Input 
Voltage 
Range 
V+ Supply 
to -2V 


VA to V- 
Supply 
+36V 


alA (Note 1) 


76 


92 


'CIW 


'CIW 


14-Pin Plastic DIP (P) 


16·Pin SOL (S) 


NOTE: 
1. 
a'A is specified 
for worst case mounting 
conditions, 
i.e., a'A is specified 
for 
d~Vice i~ so~ket for P-DIP package; 8jA is specified lor d~vice soldered to 
pnnted 
CirCUit board for SOL package. 


ELECTRICAL CHARACTERISTICS at Vs = ±18V, 
RL = OPEN, 
and 
-40°C 
:5TA:5 
+85°C, 
unless 
otherwise 
noted. 


All specifications, 
tables, 
graphs, 
and 
application 
data 
apply 
to both 
the 
SSM-2402 
and 
SSM-2412, 
unless 
otherwise 
noted. 


SSM·2402I2412 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Positive Supply 
+ISY 


V,L = 0.8V. 2.0V 
6.0 
7.5 
mA 
Current 
(Note 1) 


Negative Supply 
-ISY 
V'L = 0.8V. 2.0V 
4.8 
6.0 
mA 
Current 
(Note 1) 


Ground Current 
IGND 
V,L = 0.8V. 2.0V 
0.6 
1.5 
mA 
(Note 1) 


Digital Input High 
V'NH 
TA = Full Temperature Range (Note 2) 
2.0 
V 


Digital Input Low 
V1NL 
TA = Full Temperature Range 
0.8 
V 


Logic Input 
ILOG'C 
V'N=Oto15V 
1.0 
5.0 
~A 
Current 
(Note 3) 


Analog Voltage 
VANALOG 
-14.2 
+14.2 
V 
Range (Note 3) 


SSM·240212412 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Analog Current 


IANAlOG 
-10 
+10 
mA 
Range 
(Note 3) 


Overvoltage 
Input 


V1N = ±V SUPPLY 
±40 
mA 


Current 


-14.2~VA5+14.2V 


Switch ON 
'A = ±1 OmA, VIL • 2.0V 


RON 
TA = +2SoC 
60 
85 
0 


Resistance 
TA • Full Temperature 
Range 
115 
0 


Tempco (6Ro "'6 T) 
0.2 
orc 


RON Match 
RONMATCH 
-14.2~VA~+14.2V 
5 
% 


'A = ±10mA, 
V'L • 2.0V 


Switch ON 
V'L =2.0V 


Leakage 
Current 
'S10N) 


-14.2V 
5VA 5 +14.2V 
0.05 
1.0 
~A 


(Notes 1,3) 
VA·OV 
0.05 
10.0 
nA 


Switch OFF 
V'L .0.8V 


Leakage 
Current 
'SIOFF) 
-14.2V 
5 VA 5 +14.2V 
0.05 
1.0 
~A• 


(Notes 
1,3) 
VA • OV 
005 
10.0 
nA 


Turn-On 
Time 
VA=+10V,RL 
=2kO 
SSM·2402 
10.0 


(NoteS) 
laN 
TA = +2SoC, See Test Circuit 
SSM·2412 
3.5 
ms 


Turn·Off 
Time 
VA=+10V,RL 
=2kO 
SSM·2402 
4.0 


(Note 6) 
laFF 
TA = +25°C. 
See Test Circuit 
SSM-2412 
1.5 
ms 


Break-Bafora-Make 
TA• 
+2SoC 
SSM·2402 
6.0 


Time Delay 
(Note 7) 
tOFF-ION 
SSM-2412 
2.0 
ms 


Charge 
Injection 
Q 
TA - +2SoC 
SSM-2402 
50 
pC 
SSM-2412 
150 


ON·State 
CS(ON) 


VA=1VRMS 
12 
pF 
Input Capacitance 
f. 
5kHz, TA = +2SoC 


OFF·State 
CS(OFF) 


VA=1VRMS 
4 
pF 
Input Capacitance 
f = 5kHz, TA = +2SoC 


OFF Isolation 
'SO(OFF) 


VA = 10VRMS' 20Hz to 20kHz 
120 
dB 
T A = +2SoC, See Test Circuit 


Channel·to·Channel 
CT 
VA = 10VRMS' 20Hz to 20kHz 


96 
dB 
Crosstalk 
TA = +2SoC 


Total 
Harmonic 
THO 
o to 10VRMS' 20Hz to 20kHz 


Distortion 
(Note 8) 
TA = +2SoC, RL = SkO 
0.003 
0.01 
% 


Spectral 
Noise 
20Hz to 20kHz 
nVlv'Hz 
Density 
en 
TA = +25°C 


Wideband 
Noise 
20Hz to 20kHz 


Density 
8np_p 
TA = +2SoC 
0.2 
~Vp.p 


NOTES: 
1. ·V,L" is the Logic Control 
Input. 
5. Turn-ON 
Time 
is measured 
from the time the logic input reaches 
the 50% 
point 
2. Although 
not recommended, 
using unbalanced 
supplies 
with the positive 
rail 
to the time the output reaches 
50% 
of the final value. 


in excess 
of 20V 
will result 
in an increased 
digital 
input high threshold. 
The 
6. Turn-OFF 
time is measured 
from the time the logic input reaches 
the 50% 
point 
threshold 
is set to 9.3% 
of the positive 
supply voltage. 
to the time the output 
reaches 
50% 
of the initial value. 


3. Current 
tested 
at V1N = OV. This is the worst case 
condition. 
7. Switch 
is guaranteed 
by design 
to provide 
break-before-make 
operation. 


4. Guaranteed 
by RON test condition. 
8. THO guaranteed 
by design and dynamic 
RON testing. 


1. 
GROUND 
2. SWITCH, 
CONTROL 
4. 
SWITCH1 IN 
6. 
SWITCH1 OUT 
7. V-SUPPLY 
9. 
SWITCH2 IN 
11. SWITCH20UT 
13. SWITCH2 CONTROL 
14. V+SUPPLY 


For additional 
DICE Information, 
refer 
to PMl's Data Book, Section 
2. 


DIE SIZE 0.105 x 0.097 Inch, 10,185 sq. mils 
(2.667 x 2.464 mm, 6.57 sq. mm) 


PARAMETER 
SYMBOL 
CONDITIONS 
(Nole 
1) 


Positive 
Supply Current 
+ISY 
V'L :0.8V 


Negative 
Supply Current 
-Isv 
V'L =0.8V 


Ground 
Current 
' 
GNo 
V'L =0.8V 


Logic Input Current 
ILOGIC 
V,NzOV 
(Note 2) 


Switch ON Resistance 
RoN 
-14.2 
~ VA ~ +14.2V 


'A :±10mA, 
V'L z2.0V 


RON Match 
RONMATCH 
-14.2V 
~ VA ~ +14.2V 


Between 
Switches 
'A =±10mA, 
V'L =2.0V 


Switch ON 


'S1ON) 


-14.2V 
~ VA ~ +14.2V 


Leakage 
Current 
V'L :2.0V 


Switch OFF 
'SIOFF) 


-14.2V 
~ VA ~ +14.2V 


Leakage 
Current 
V'L :0.8V 


SSM·2402/2412NBC 
LIMIT 


7.5 


6.0 


1.5 


mAMAX 


mAMAX 


NOTES: 
1. 
V'L = Logic Control 
Input 
VA : Applied Analog 
Input Voltage 
'A : Applied Analog 
Input Current 


2. 
Worst Case Condition 
Electrical 
tests are performed 
at wafer probe to the limits shown. 
Due to variations 
in assembly 
methods 
and normal yield loss, yield after packaging 
is not guaranteed 
for 
standard 
product dice. Consult factory to negotiate 
specifications 
based on d ce lot qualifications 
through 
sample lot assembly 
and testing. 
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APPLICATIONS 
INFORMATION 


FUNCTIONAL SECTIONS 
Each half of the 55M-2402/2412 
are made up of three major 


functional blocks: 


1. 
"T" Switch 
Consists of JFET switches 51 and 52 in series as the main 
switches and switch 53 as a shunt. 


2. 
Ramp Generator 
Generates a ramp voltage on command of the Control Input 
(see Figure 1). A LOW-to-HIGH TTL input at Control Input 
initiates a ramp that goes from approximately -7V to +7V in 
12ms for the 55M-2402, and 4ms for the 5SM-2412. Con- 
versely, a HIGH-to-LOW TTL transition at Control Input will 
cause a downward ramp from approximately +7V to -7V in 
12ms for the SSM-2402, and 4ms for the 
SSM-2412. The 
Ramp Generator also supplies the +3V and -3V reference 
levels for Switch Control. 


3. 
Switch Control 
The ramp from the Ramp Generator section is applied to 
two differential amplifiers (DA, and DA2) in the Switch Con- 
trol block. (See Simplified Schematic). One amplifier is ref- 
erenced to -3V and the other is referenced to +3V. Switch 
Control Outputs are: 


- 
Main Switch Control - 
Drives two 0.25mA current 


sources that control the inverting inputs of each op amp. 
When ON, the current sources cause a gate-to-source 
voltage of approximately 2.5V which is sufficient to turn 
off S, and S2' When the current sources from Main 
Switch Control are OFF, each op amp acts as a unity- 
gain follower (Vas = 0) and both switches (S, and S2) 
will beON. 


- 
Shunt Switch Control- 
Controls the Shunt Switch of 


the "T" configuration. 


SWITCH OPERATION 
To see how the SSM-2402/2412 switches work, first consider 
an OFF-to-ON transition. The Control Input is initially LOW and 
the Ramp Output is at approximately -7V. 
The Main Switch 
Control is HIGH which drives current sources 03 and 04 to 
0.25mA each. These currents generate 2.5V gate-to-source 
back bias for each JFET switch (S, and S2) which holds them 
OFF. 


The Shunt Switch Control is negative which holds the shunt 
JFET S3ON. Undesired feedthrough signals in the series JFET 
switches S, and S2 are shunted to the negative supply rail 
through S3' 
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When the Control Input goes from LOW to HIGH, the Ramp 
Generator slews in the positive direction as shown in Figure 2. 
When the ramp goes more positive than -3V, the Shunt Switch 
Control is pulled positive by differential amplifier D~ 
which 
thereby puts shunt switch S3 into the OFF state. Note that Sl 
and S2 are still OFF, so at this time all three switches in the "T" 
are OFF. 


When the Ramp Output reaches +3V, and the drive for the Main 
Switch Control output is gated OFF by differential amplifier DA1, 
current sources 03 and 04 go to the OFF state and the VGS of 
each main switch goes to zero. The high-speed op amp follow- 
ers provide essentially zero gate-to-source voltage over the full 
audio signal range; this in turn assures a constant low imped- 
ance in the ON state over the full audio signal range. Total time 
to turn on the SSM-2402 switch is approximately 
10.0ms and 
3.5ms for the SSM-2412. 


In systems using a large number of separate switches, there are 
advantages to having faster switching into OFF state than into 
the ON state. Break-before-make 
can be maintained at the 
system level. To see how the SSM-2402/2412 guarantee break- 
before-make, consider the ON-to-OFF transition. 


A Control Input LOW initiates the ON-to-OFF transition. The 
Ramp Generator integrates down from approximately +7V to- 
wards -7V. 
As the ramp goes through +3V, the comparator 
controlling the Main Switches (Sl and S2) goes HIGH and turns 
on current sources 03 and 04 which thereby puts S1and S2into 
the OFF state. Atthis time, all switches in the "T" are OFF. When 
the ramp integrates down to -3V, 
the Shunt Switch Control 
changes state and pulls shunt switch S3 into the ON state. This 
completes the ON-to-OFF transistion; Sl and S2 are OFF, and 
S3is ON to shunt away any undesired feedthrough. Note though 
that the ON-to-OFF time for main switches Sl and S2is only the 
time interval required forthe ramp to go from +7V to +3V, about 
4ms for the SSM-2402, and 1.5ms for the SSM-2412. The time 
to turn on is about 2.5 times as long as the time to turn off. 


CMOSfTTLI 
CONTROL 
INPUTS 
HIGH=ON 
LOW = OFF 


The SSM-2402/2412 are much more than a simple single solid- 
state switches. The "T" configuration provides superb OFF-iso- 
lation through shunting of feedthrough 
via shunt switch S3. 
Break-before-make is inherent inthe design. The ramp provides 
a controlled gating action that softens the ON/OFF transitions. 
Distortion is minimized by holding zero gate-to-source voltage 
for the two main FET switches, Sl and S2' using the two op amp 
followers. Figure 3 shows a distortion comparison between the 
SSM-2402 and a typical CMOS switch. In summary, the SSM- 
2402/2412 are designed specifically for high-performance 
au- 
dio system usage. 


OVERVOL 
TAGE 
PROTECTION 
The SSM-2402/2412 are designed to guarantee correct opera- 
tion with inputs of up to ±14.2V with ±18V supplies. The switch 
input should never be forced to go beyond the supply rails. Inthe 
OFF condition, if the inputs exceeds +14.2V, there is a risk of 
turning the respective input pass FET "ON." When the input 
voltage rises to within 3.8V of the positive supply, the op amp 
follower saturates and will not be able to maintain the full2.5Vof 
back bias on the gate-to-source junction. Under this condition, 
current will flow from the input through the shunt FET to the 
• 
negative supply. This current is substantial, but is limited by the 
FET loss. Although this current will not damage the device, there 
is a danger of also turning on the output pass FET, especially if 
the output is close to the negative rail. 


This risk of signal "breakthrough" for inputs above +14.2V can 
be eliminated by using a source resistor of 100-5000 in series 
with the analog input to provide additional current limiting. 


Near the negative supply, transistors 03 and 04 saturate and 
can no longer keep the switch OFF. Signal breakthrough can- 
not happen, but the danger here is latch-up via a path to V- 
through the shunt FET. Additional circuitry (not shown) has 
been incorporated to turn OFF the shunt FET under these con- 
ditions, and the potential for latch-up is thereby eliminated. 


•• OPTIONAL 
LOAD RESISTORS 
LOWER VALUES WILL MINIMIZE "CLICKS" BUT WITH A 1OV RMS INPUT 
IT IS RECOMMENDED 
THAT THEY BE GREATER THAN 2kn 


FIGURE 3: Comparison of the SSM-2402 and Typical CMOS 
Switch for Distortion 


DIGITAllY-CONTROllED 
ATTENUATOR 
Figure 4 shows the usual approach to digitally-controlled 
at- 
tenuation. With S, closed, the signal passes unattenuated to the 
output. With S1open and S2 closed, the signal is attenuated by 
R, and R2. The advantage of this configuration 
is that the 
attenuator current does not have to flow through the switches. 
The disadvantage 
is that the output is undefined during the 
switching period, which can be several milliseconds. 


The low distortion characteristics of the SSM-2402/2412 enable 
the alternate arrangement of Figure 5 to be used. Now only one 
switch is required to change between two gains, and there is 
always a signal path to the output. Values for R2 will typically be 
in the low kilohm range. 


For more gain steps and higher attenuation, the ladder arrange- 
ment of Figure 6 can be used. This enables a wide dynamic 
range to be achieved without the need for large value resistors, 
which would result in degradation of the noise performance. 


HIGH·PERFORMANCE 
STEREO ROUTING SWITCHER 
The SSM-2402 Dual Audio Switch comprises the nucleus for 
this 16 channels-to-one high performance stereo audio routing 
switcher, which features negligible noise and low distortion over 
the frequency 
range of 20Hz to 20kHz. This performance 
is 
achieved even while driving 6000 loads at signal levels up to 
+30dBu. 


The SSM-2402 affords a much simplified electrical design and 
printed circuit board layout, along with reduced manufacturing 
cost, when compared with discrete JFET circuits of similar per- 
formance. The electrical performance ofthe design described is 
vastly superior to CMOS switch designs, which are more prone 
to failure resulting from electrical static discharge. 


The switching control of the SSM-2402 may be activated by 
conventional mechanical switches or 5 volt TTL or CMOS logic 
circuits. The application 
shown utilizes a simple mechanical 
control switch for illustration purposes only. Many diverse XIY 
control schemes, destination control, or computer controlled 
designs can be utilized. 
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The "T" configuration of the SSM-2402 switch provides excel- 
lent ON-OFF isolation. The SSM-2402 also features 7ms ramp- 
ed turn on and 4ms ramped turn off for click-free 
switching. 


Additionally, 
the switch has a break-before-make 
switching 
sequence. 
Both features 
become significant 
in large audio 
switching systems where the audio path can pass through mul- 
tiple switching elements. Such controlled switching is very im- 
portant in large systems used in broadcast program switching or 
in production work. 


The application circuit design also employs the SSM-2015 bal- 
anced input amplifier (Figure 7). The input impedance is high 
(-100kO), 
balanced or unbalanced. The input circuit incorpo- 
rates a single pole RFI filter with a cutoff frequency 
set at 
145kHz. In addition, the input circuit attenuates the signal by 
25dB and extends the common-mode input voltage range to ±98 
volts peak, with common-mode 
rejection greater than 70dB 
from 20Hz to 20kHz. The SSM-2015 is set to produce a 15dB 
gain. The signal drive level into the SSM-2402 switch is then 
+1OdBuwith a +20dBu input level and +14dBu peak, well within 
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ideal operating range. Good signal-to-noise is maintained, with 
generous 
head-room 
available 
by electing to use ~18VDC 
power supply voltages. 


The routing switcher bus carries high level unbalanced audio, 
but is driven with low impedance sources. With the output im- 
pedance of the SSM-2015 at virtually OQ and the SSM-2402 
switch ON, resistance is typically 60Q. Bus-to-bus crosstalk is 
exceptionally low. For example, assuming 14pF coupling be- 
tween buses and 20kHz signal, the crosstalk (isolation) ex- 
ceeds 80dB. The 14pF would be representative for the 16 X 1 
stereo design shown. Shielding of the buses with a printed 
circuit board ground plane and physically isolating the input and 
output circuits will reduce the crosstalk even further. The 'T' 
configuration 
of the 
SSM-2402 
switch 
virtually 
eliminates 
crosstalk between the various input signal sources. 
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The output amplifier incorporates a buffer amplifier that pro- 
vides 4dB of gain (nominally), with adjustable output level trim 
control. The buffer also isolates the switching bus from the 
balanced output amplifier circuit. The balanced output is de- 
signed to drive 600Q loads and utilizes two SSM·2134 
IC 
amplifiers. The differential design increases drive capability, yet 
increases the heat dissipation 
surface area, and keeps IC 
package temperature well within safe operating limits. even 
when driving 6000 loads. The SSM-2134 is recommended due 
to its low noise, wide frequency response, and output drive 
current capabilities. 


Overall performance ofthe 16X 1stereo switcher is noteworthy. 
Input-to-output frequency response is flat to within 1dB over a 
1OHzto 50kHz band. Total harmonic distortion plus noise is less 
than 0.03%. from 20Hz to 20kHz. SMPTE intermodulation dis- 
tortion is less than 0.02%. The use of ~18VDC power supplies 
produces a +30dBm clip level, even when driving 600Q loads. 


TABLE 1: Circuit Performance Specifications 


Max Input Level 


Input Impedance, Unbalanced 


Input Impedance, Balanced 


Common-Mode Rejection (20Hz to 20kHz) 


Common-Mode Voltage Limit 


Max Output Level 


Output Impedance 


Gain Control Range 


Output Voltage Slew Rate 


Frequency Response (",0.05dB) 


Frequency Response (",0.5dB) 


THO + Noise (20Hz to 20kHz, +8dBu) 


THO + Noise (20Hz to 20kHz, +24dBu) 


IMO (SMPTE 60Hz & 4kHz, 4:1, +24dBu) 


Crosstalk (20Hz to 20kHz) 


SIN Ratio @ OdBGain 


+30dBu 


100kQ 


200kQ 


>70dB 


",98V Peak 


+30dBu/dBm 
670 


",2dB 
6V/,.s 


20Hz to 20kHz 


10Hz to 50kHz 


0.005% 


0.03% 


0.02% 


>80dB 


135dB 
• 
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Quad Audio Switch 


SSM-2404 
I 


FEATURES 
"Clickless" 
Bilateral Audio Switching 
Four SPST Switches in a 16-Pin Package 
Ultralow THD+N: 0.0009% @ 1 kHz (V'N = 2 V rms, 
RL = 100 kIll 
Low Charge Injection: 35 pC 
High OFF Isolation: 100 dB 
Low ON Resistance: 28 Il 
Low Supply Current: 900 ,..A 
Single or Dual Supply Operation: 
+11 V to +24 V or 
±5.5 V to ±12 V 
Guaranteed Break-Before-Make 
TTL and CMOS Compatible Logic Inputs 
Low Cost-Per-Switch 


GENERAL 
DESCRIPTION 
The SSM-2404 integrates four SPST analog s 
16-pin package. Developed specifically fo 
audio applications, distortion and n . 
full operating range of 20 Hz to 20 
injection of 35 pC, "clickless" audio 
under the most demanding conditions. 


Switch control is realized by conventional TIL 
CMOS logi 
Guaranteed "break-before-make" 
operation assures that all 


SW4A 


SW4B 


SW4CONTROL 


SW3CONTROL 


v- 


SW3B • 


LOGIC INTERFACE 


AND 
BREAK-BEFORE 
MAKE 
CONTROL 


SWIA 


SWl B 


This information applies to a product undBr dBvelopment. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


@ I kHz, with 80 kHz Filter, 
RL = 100 kil, V1N = 2 V rms 
20 Hz to 20 kHz 
20 Hz to 20 kHz 
Spectral Noise Density 
Wideband Noise Density 


ANALOG SIGNAL SECTION 
Analog Voltage Range 
Analog Current Range 
ON Resistance 
RoN Matching 
ON Leakage Current 
OFF Leakage Current 
Charge Injection 
ON-State Input Capacitance 
OFF-State 
Input Capacitance 
OFF Isolation 
Channel-to-Channel 
Crosstalk 


CONTROL 
SECTION 
Digital Input High 
Digital Input Low 
Turn-On Time' 
Turn-Off Time' 
Break-Before-Make Time Delay 
Logic Input Current 
Logic HI 
Logic LO 


POWER SUPPLY 
Supply Voltage Range 


V1NH= 2 V, IA = ±2 mA 
VINH=2V,VA=OV 
IA=±IOmA,VA=7.IV 
IA = ± 10 mA, VA = 0 V 
VA=7.IV 
VA=7.IV 


VA 
IA 
RoN 
RoN Match 
IS(ON) 
Is(oFF) 
Q 
CaN 
COFF 
ISO(OFF) 
Cr 


VA = 5 V rms, f = 5 kHz 
VA = 5 V rms, f = 5 kHz 
VA = 7.1 V, 20 Hz-20 kHz 
VA = 7.1 V, 20 Hz-20 kHz 


Positive Supply Current 
Negative Supply Current 
Ground Current 


V1NH 
V1NL 
taN 


taFF 
tOFP-tON 


TA = -40°C to +85° 
TA = -40°C to 
85 
See Test Cir 
SeeT 


0.0009 
0.8 
0.6 


0.9 
-0.6 
-0.3 


NOTES 
ITurn-on 
time is measured 
from the time the logic input 
reaches 
the 50% point 
to the time the output 
reaches 
50% of the fmal value. 
2Tum-off 
time is measured from the time 
the logic input 
reaches 
the 50% point 
to the time the outPUl reaches 
50% of the initial 
value. 


Specifications 
subject 
to change 
without 
notice. 


Figure 1. THO+N vs. Frequency (Vs = ± 12 V, 
V'N = 2 V rms, with 80 kHz Filter) 
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This information 
applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 


• 
Two 
Normally 
Open and Two Normally 
Closed 
SPST 


Switches with Disable 
• 
Switches can be Easily Configured 
as a Dual SPOT or 
a DPDT 
• 
Highly Resistant to Static Discharge Destruction 
• 
Higher 
Resistance to Radiation 
Than Analog 
Switches 


Designed with MOS Devices 
• 
Guaranteed RONMatching 
10% Max 
• 
Guaranteed Switching 
Speeds 
. TON= 500ns Max 
TOFF= 400ns Max 
• 
Guaranteed Break-Before-Make 
Switching 
• 
Low "ON" Resistance ..•..................... 
800 Max 
• 
Low RONVariation from Analog Input Voltage 
5% 
• 
Low Total Harmonic Distortion 
0.01% 
• 
Low Leakage Currents at High Temperature: 
TA= 125° C 
100nA Max 
TA= 85°C 
30nA Max 
• 
Digital Inputs TTLICMOS 
Compatible 
and Independent 
ofV+ 
• 
Improved Specifications 
and Pin Compatible to LF-113331 
13333 
• 
Dual or Single Power Supply Operation 
• 
Available In Ole Form 


PIN CONNECTIONS 


Switches are shown in the logic "0" 


input state and DIS = "1" 


TOP VIEW 
5 ~ u ~ 1:l 
Z 


IN' 
1 
S, , 
11 54 
01 
2 


GND 
0 
17 
DIS 
S, , 


N.C. . 
11 N.C. 
GND , 


v- , 
15 
V+ 
v- 
0 


52 . 
•• 
53 


52 • 
02 , 
!l ~ u ~ 8 
IN2 • 
Z 


16-PINDIP 
SW-06BRC/883 
(0 or P-5ufflx) 
LCC PACKAGE 


16-P1NSOL 
(RC-Sufflx) 


(S-Sufflx) 


OPERATING 
PLASTIC 
CERDIP 
LCC 
TEMPERATURE 
16-PIN 
16-PIN 
2O-CONTACT 
RANGE 


SW06BQ' 
SW06BRC/883 
MIL 
SW06GP 
SW06FO 
XIND 
SW06GS 
XIND 


For devices 
processed 
in total compliance 
to MIL-STD-883. 
add /883 after part 
number. 
Consult 
lactory 
lor 883 data sheet. 


Burn-in 
is available 
on commercial 
and industrial 
temperature 
range 
parts 
in 


CerDIP, 
plastic 
DIP, 
and 
TO-can 
packages. 


Quad SPST JFET 
Analog Switch 


SW-06 
I 


The SW-06 is a four channel 
single-pole, 
single-throw 
analog 


switch 
that 
employs 
both 
bipolar 
and 
ion-implanted 
FET 


devices. 
The SW-06 
FET switches 
use bipolar 
digital 
logic 
inputs 
which 
are 
more 
resistant 
to 
static 
electricity 
than 


CMOS 
devices. 
Ruggedness 
and reliability 
are inherent 
in 


the SW-06 design 
and construction 
technology. 


Increased 
reliability 
is complemented 
by excellent 
electrical 
specifications. 
Potential 
error 
sources 
are reduced 
by min- 
imizing 
"ON" 
resistance 
and controlling 
leakage 
currents 
at 
high temperatures. 
The switching 
FET exhibits 
minimal 
RON 
variation 
over 
a 20V analog 
signal 
range 
and 
with 
power 
supply 
voltage 
changes. 
Operation 
from 
a single 
positive 
power supply 
voltage 
is possible. 
With V+ = 36V, V- = OV,the 
analog 
signal 
range will extend 
from ground 
to +32V . 


PNP logic inputs 
are TTL and CMOS compatible 
to allow the 
SW-06 to upgrade 
existing 
designs. 
The logic 
"0" and logic 


"1" input currents 
are at micro-ampere 
levels reducing 
load- 
ing on CMOS and TTL logic. 
• 


3 


~S1 


LEVEL 
ti.oOl 


SHIFT 
6 


_~S2 
L2...o 02 


11 
-[~3 
f:S4 


0' 


GND 
v- 


DISABLE 
INPUT 
o 
10rNC 
10rNC 


SWITCH STATE 


CHANNELS 
CHANNELS 
1&2 
3&4 


OFF 
OFF 
OFF 
ON 
ON 
OFF 


LOGIC 
INPUT 


X 
o 
1 


SW-06 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Note 1) 
Maximum Current Through 
Operating Temperature Range 
Any Pin Including Switch ............................................. 
30mA 


SW-06BQ. BRC ......................................... -55°C to +125°C 
PACKAGE 
TYPE 
alA (Note 2) 
alc 
UNITS 


SW-06FQ ..................................................... -40°C to +85°C 
·C/w 
SW-06GP. GS .............................................. -40°C to +85°C 


16-Pin Hermetic 
DIP (a) 
100 
16 


Storage Temperature Range ........................ -65°C to +150°C 
16-Pin Plastic DIP (P) 
82 
39 
·C/W 


Lead Temperature (Soldering. 60 sec) .......................... 300°C 
20·Contact 
LCC (RC) 
98 
38 
·C/w 


Maximum Junction Temperature .................................... 150°C 
16-Pin SOL (S) 
98 
30 
·C/w 


V+ Supply To V- Supply .................................................... 
36V 
NOTES: 


V+ Supply to Ground .......................................................... 
36V 
1. 
Absolute 
maximum 
ratings 
apply to both DICE and packaged 
parts. 
unless 


otherwise 
noted. 
Logic Input Voltage ........................... (-4V or V-) to V+ Supply 
2. 
aJA is specified 
for worst case mounting 
conditions, 
i.e., alA is specified 
for 


Analog Input Voltage Range 
device 
in socket for CerDIP, 
P-DIP, and LCC packages; 
aiA is specified 
for 


Continuous ............................ V- Supply to V+ Supply +20V 
device soldered 
to printed circuit board for SO package. 


ELECTRICAL 
CHARACTERISTICS 
at V+ = 15V.V- = -15V and T A = 25° C, unless otherwise noted. 


SW-06B 
SW-06F 
SW-06G 


PARAMETl:R 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Vs=OV, Is= lmA 
60 
80 
60 
100 
100 
150 


"ON" Resistance 
RON 
n 
Vs=±10V,ls=lrnA 
65 
80 
65 
100 
100 
150 


RON Match Between 
RON Match 
Vs = OV,Is = loo"A 
(Note 1) 
10 
20 
20 
% 


Switches 


Is = lmA 
(Note 
8) 
+10 
+11 
+10 
+11 
+10 
+11 
Analog Voltage Range 
VA 
V 
Is= 
lmA 
-10 
-15 
-10 
-15 
-10 
-15 


Analog Current Range 
IA 
Vs = ±lQV 
10 
15 
12 
10 
mA 


DoRON vs Applied 
DoRON 
-lOV ~ vs~ lOV, Is = 1.0mA 
15 
10 
20 
10 
20 
% 


Voltage 


Source Current in 
Vs = lOV, VD = -lOV 
2.0 
IS(OFF) 
0.3 
0.3 
2.0 
0.3 
10 
nA 


"OFF" Condition 
(NoteS) 


Drain 
Current 
in 
Vs = lOV. Vo = -10V 


IO(oFFI 
0.3 
2.0 
0.3 
2.0 
0.3 
10 
nA 


"OFF" Condition 
(Note 5) 


Source Current in 
IS(oN)+ 
Vs = Vo = ±10V 
0.3 
2.0 
0.3 
2.0 
0.3 
10 
nA 
"ON" Condition 
10lONI 
(NoteS) 


Logical "1" Input 
V1NH 
Full Temperature 
Range 
2.0 
2.0 
2.0 
Voltage 
(Notes 6.8) 
V 


Logicat "0" Input 
V1NL 
Full Temperature 
Range 
0.8 
0.8 
Voltage 
(Noles 6,8) 
0.8 
V 


Logical "1" Input 
IINH 
V1N= 2.0V to 15.0V 


Current 
(Note 4) 
10 
"A 


Logical "0" Input 
IINL 
V,N = 0.8V 
1.5 
5.0 
1.5 
5.0 
1.5 
10.0 
"A 


Turn-On- Time 
tON 
See Switching 
Time 
340 
500 
340 
600 
340 
700 
Test Circuit 
(Notes 6. 9) 
ns 


Turn-Oft- Time 
toFF 
See Switching 
Time 
200 
400 
200 
400 
200 
Test Circuit 
(Notes 6, 9) 
500 
ns 


Break-Before·Make 


Time 
toN-toFF 
(Note 3) 
50 
140 
50 
140 
50 
140 
ns 


Source Capacitance 
CS(oFF) 
Vs = OV (Note 5) 
7.0 
7.0 
7.0 
pF 


Drain Capacitance 
CO(oFFI 
Vs = OV(Nole 5) 
5.5 
5.5 
5.5 
pF 


Channel "ON" 
CO(oNI+ 


Capacitance 
CS(oN) 
Vs = Va = OV(Note 5) 
15 
15 
15 
pF 


"OFF" Isolation 
ISO(OFF) 
Vs = 5VAMS' RL = 680n. 
58 
58 
58 
dB 
CL = 7pF. f = 500kHz (Note 5) 


Crosstalk 
CT 


Vs = 5VAMS' RL = 680n, 
70 
70 
70 
dB 
CL = 7pF, f = 500kHz (Note 5) 


ELECTRICAL 
CHARACTERISTICS 
at V+ = 15V, V- = -15V and TA = 25°C, unless otherwise noted. Continued 


SW-06B 
SW-06F 
SW-06G 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Positive Supply 
I. 
All Channels ·OFF·. 
5.0 
6.0 
5.0 
9.0 
6.0 
9.0 
mA 
Current 
DIS = '0' (Note 5) 


Negative Supply 
1- 
All Channels 'OFF', 
3.0 
5.0 
4.0 
7.0 
4.0 
7.0 
mA 
Current 
DIS = '0' (Note 5) 


Ground Current 
10 
All Channels 'ON' or 
3.0 
4.0 
3.0 
4.0 
3.0 
5.0 
mA 


'OFF' 
(Note 5) 


ELECTRICAL 
CHARACTERISTICS 
at V+ s 15V, V- = -15V, -55°C 
S TA S +125°C for SW-06BQ, -40°C 
S TA S +85°C for 
SW-06FQ and -40°C 
S TA S +85°C for SW-06GP/GS, unl.essotherwise noted. 


SW-06B 


MIN 
TYP 
MAX 


SW-06F 


MIN 
TYP 
MAX 


SW-06G 


MIN 
TYP 
MAX 
UNITS 


IS = 1.0mA 
(Note 
8) 
Is= 
1.0mA 


Vs= 
±10.0V 


-10V:5:VS5:+10V, 


Is= 
1.0mA 


Vs = lOV, Vo = -lOV, 


T A = Max. 
Operating 
Temp. 


(Note. 
5.7) 


Vs = 10V. Vo = -10V. 


TA = Max. 
Operating 
Temp. 


(Note. 
5.7) 


Vs = Vo = ±10V, 


TA = Max. 
Operating 
Temp. 


(Nole. 
5. 7) 


All Channels 
"OFF" 


DIS = "0" 
(Note 
5) 


All Channels 
"OFF" 


DIS = "0" 
(Nole 
5) 


All Channels 
"ON" 
or "OFF" 


(Nole 
5) 


NOTES: 
1, 
Vs = av. 
IS= 100,uA. Specified 
as a percentage 
01 RAVEAAGE 
where: 


A 
- 
RON1 + RON2 + RON3 + RON4 


AVERAGE 
- 
4 


2. 
Guaranteed by design. 


3. 
SWItch 
IS guaranteed 
by design 
to 
provide 
break-before-make 
operation. 


4. 
Current tested at V1N= 2.QV.This is worst caSe!condition. 


5. 
Switch being tested ON or OFF as indicated, 
V1NH= 2.0V or V1NL= O.8V, 


per logic truth table. 
6. 
Also applies to disable pin. 


7. 
Parameter tested only at TA= + 1250 C for military grade device. 


8. 
Guaranteed 
by RON ano leakage tests. For normal operatIon 
maxImum 
analog signal voltages should be restricted 
to less than (V+) -4V. 


9. 
Sample tested. 


1. IN (1) 
2. 0 (1) 
3. S (1) 
4. GNO 
5. V- (SUBSTRATE) 
6. S (2) 
7.0(2) 
8. IN~2) 
9. IN (3) 
10. 0 (3) 
11. S (3) 
12. V+ 
13. DISABLE 
14. S (4) 
15. 0 (4) 
16. IN (4) 


DIE SIZE 0.101 X 0.097 Inch, 9797 sq. mils 
(2.565 X 2.464 mm, 6.320 sq. mm) 


SW-06N 
SW-06G 
PARAMETER 
SYMBOL 
CONDITIONS 
LIMIT 
LIMIT 
UNITS 


"ON" 
Resistance 
RON 
-10V:5 
VA:510V, 
Is:51mA 
80 
100 
o MAX 


RON Match 
Between 
Switches 
RON Match 
VA = OV, Is:51oo,.A 
15 
20 
'!loMAX 


t.RON VSVA 
t.RON 
-10V:5 
VA:5 10V, Is:51mA 
10 
20 
'!loMAX 


Positive Supply Current 
1+ 
(Note 
1) 
6.0 
9.0 
mAMAX 


Negative Supply Current 
1- 
(Note 
1) 
5.0 
7.0 
mAMAX 


Ground Current 
IG 
(Note 
1) 
4.0 
4.0 
mAMAX 


Analog 
Voltage 
Range 
VA 
Is=lmA 
±10.0 
±10.0 
VMIN 


Logic "1" Input Voltage 
VINH 
(Note 3) 
2.0 
2.0 
VMIN 


Logic "0" Input Voltage 
V1NL 
(Note 3) 
0.6 
0.8 
VMAX 


Logic "0" Input Current 
IINL 
OV :5 V'N :5 0.8V 
5.0 
5.0 
,.A MAX 


Logic "1" Input Current 
IINH 
2.0V :5 V'N :5 15V (Note 
2) 
,.AMAX 


Analog 
Current 
Range 
IA 
Vs= 
±10V 
10 
mAMIN 


NOTE: 
Electrical 
tests are performed 
at wafer probe to the limits shown. 
Due to variations 
in assembly 
methods 
and normal 
yield loss. yield after packaging 
Is not 
guaranteed 
for standard 
product 
dice. Consult 
factory 
to negotiate 
specifications 
based on dice lot qualification 
through 
sample 
Jot assembly 
and testing. 


SW-G6N 
SW-06G 
TYPICAL 
TYPICAL 


60 
60 


340 
340 


200 
200 


0.3 
0.3 


58 
58 


70 
70 


3. 
Guaranteed 
by RON and leakage 
tests. 


UNITS 
o 


PARAMETER 
SYMBOL 
CONDITIONS 


"ON" 
Resistance 
RON 
-10V 
:5VA:510V, 
Is:51mA 


Turn-On- 
Time 
tON 


Turn~Off- Time 
tOFF 


Drain 
Current 
in 
IO(OFF) 
Vs = 10V, Vo = -10V 
"OFF" 
Condition 


"OFF" 
Isolation 
ISOIOFF) 
f = 500kHz, 
Rl = 6800 


Crosstalk 
CT 
f = 500kHz, 
Rl = 6800 


NOTES: 
1. 
Power supply 
and ground 
current 
specified 
for switch 
"ON" 
or "OFF". 
2. 
Current 
teswd 
at V1N = 2.0V. This is worst 
case conQ.ition. 


"ON" RESISTANCE vs 
POWER SUPPLY VOLTAGE 


120 


110 


100 


90 


80 


§ 
70 


~60 
a: 


I 
TA·25°C 
v+ -15V 
V---15V 


RON 
- 


SWITCH CURRENT 
vsVOLTAGE 


V+· 15~J 
V---15V 
- 
- 
TA-25°C 
/' 
/ 
/ 
/,, 
I' 


1 10 


~a 
:J:~~ 
jl-10 


-20 


-2 
-1 
0 


Vso 
VOLTAGE 
ACROSS 
SWITCH 
(VOL T5) 


SUPPLY CURRENT vs 
TEMPERATURE 


V+ -15V 
V_a -1SV 
oIS·'O' 


-- 


1+ 


1 
r-- 
-r- 


I"""-- 


"ON" RESISTANCE vs 
ANALOG VOLTAGE 


V+· .,5V 
v·. -15V 
TA·2S-C 
Is·'mA- 
- 


40 
-10 
-5 
0 
5 
10 


ANALOG 
INPUT VOLTAGE-VA 
(VOL T5) 


LEAKAGE CURRENT 
vs ANALOG VOLTAGE 


1-10 
w 
~ 
:Ii 
..J -1.0 
~ 
-+ 
Z 
Q -0.1 
_0 


-0.01 


-15 
-10 
-5 
0 
5 
10 


ANALOG 
VOLTAGE 
(VOLTS) 


SUPPLY CURRENT vs 
SUPPLY VOLTAGE 


TA~25"C 
OIS-'O' 


1+- 
... --- 
...-- 


1- 


v+ -15V 
.......• 
v-- -15V 
/V 
/V 
/ 
./ 
" 


LEAKAGE CURRENT 
vs TEMPERATURE • 


10pA 


-55 
-25 
0 
25 
50 
75 
100 
125 


TEMPERATURE rei 


SWITCH CAPACITANCE 
vs ANALOG VOLTAGE 


32 


28 


2' 
~ 20 


u ,. 
z;:; 12 


u 


V+·,5V 
f-1MHz 
I- 
V---15V 
TA-2S-C 


r--'-- 


eSION) 


eSIOFF) 
..... ~ 


Co (OFF) 
I I 
o 
-11 -9 -7 -5 
-3 -1 
1 
3 
5 
1 
9 
11 


ANALOG 
VOLTAGE 
(VOLTS) 


TOWTOFF 
SWITCHING 
RESPONSE 


SWITCHING 
TIME 
vs ANALOG 
VOLTAGE 


Vs. !.15V 
AL-lkn 
CL" lOpF 
TA" zsoc 


-2 


VO/V) -4 


-6 


INSERTION 
LOSS 
vs FREQUENCY 


CROSSTALK 
AND "OFF" 
ISOLATION 
vs FREQUENCY 


-2 


~ -. 


i:l 
--6 
g 
z 
-8 
0 
~ -'0 
"' 


TA·2S0C 
V+·,5V 
V---15V 


POWER 
SUPPLY 
REJECTION 
vs FREQUENCY 


SWITCHING 
TIME 
vs TEMPERATURE 


VS" t15V 
RL-lkn 
CL ·'OpF 


TOTAL 
HARMONIC 
DISTORTION 


~ 
zo~ 
~ 
is 
" 
Zo~ 
c:( 
0.1 
>: 
J 
~ 


OVERVOLTAGE 
CHARACTERISTICS 


-, 


-20 
-10 
0 
10 
20 
30 
40 


ANALOG VOLTAGE-VA 
(VOL 18) 


V+" 15V 


V-" -1SV 


TA 7 25"C 


IAFl 


SW.06 
- 
D 


+ 
_ VA 
RL 
.• - 


80 
~ 70 
z 
0 
~ 80 
~ 50 
~ 
~ 40 


'"!< 
JO 


!( 


20 


'0 
1k 
,Ot< 
'OOk 
'M 
'OM 


FREQUENCY 
(Hz) 


I 
- 


RL-4.7K 
- 


V+ ""IZ8V f-- 


Cl-13pF 
V- 
- OV 


GND -OV 
TA·2SoC f-- 


-"- 


'oN 


\'I--. 
tOFF 


"ON" RESISTANCE 
vs ANALOG VOLTAGE 


V+·28V 
f--- 
v- -ov 
GNO-OV - 
TA -z5"c 


SWITCHING TIME 
vs SUPPLYVOLTAGE 


LEAKAGE CURRENT 


vs VANALOG 


0.1 


-0.1 
1 -0.2 
...i -0.3 
a 
-0.4 


";2 
-0.5 


~ -0.6 


-0.7 


IDIOFFI 


IS~ 
I-- 


~ 
FOR 'OIOFFI. 
VS·12V 
II 


FO~ IS/OFF), VO-12V 
IOfON)J 


I 


v+ -zav 
v--ov 
GNO-oV 
TA-Z5"C 


I 


SUPPLYCURRENT 
vs SUPPLYVOLTAGE 


Jo 
GND '" 0 r-- 
TA" 25°C 


1+ - 
-- 
.- 
• 


NOTE: These single-supply-operation 
characteristic curves 
are valid when the negative powersupply V- istied to 
the logic ground reference pin "GND". TTL input 
compatibility 
is still maintained when "GND" is the 
same potential as the TTL ground. t'OFFis measured 
from 50% of logic input waveform to 0.9 Va. The 
analog voltage range extends from 0 to V+ -4V, the 
switch will no longer respond to logic control when 
VAis within 4 volts of V+. 


ANALOG 


IN (81 


OUT (D) 


SWITCH 
OUTPUT 


Vo 


LOGIC 
INPUT 
"< 20nS 
tf < 20nS 


SWITCH OUTPUT WAVEFORM 
SHOWN FOR Vs ., CONSTANT 
WITH LOGIC INPUT WAVEFORM 
AS SHOWN. 


VO IS THE STEADY 
STATE OUTPUT WITH SWITCH ON. 


LOGIC INPUT IS INVERTED 
FOR SWITCH 
1 & 2 


ANALOG CURRENT 


The analog 
switches 
in the ON state are JFETs biased in their 
triode 
region 
and act as switches 
for analog 
current 
up to the 
'A specification 
(see plot of 'os vs Vos). Some applications 
require 
pulsed 
currents 
exceeding 
the 'A spec. For example, 


an integrator 
reset switch 
discharging 
a shunt capacitor 
will 


produce 
a peak current 
of 'A1PEAKI= VCAp/RoSIONI' 
In this 
application, 
it is best 
to connect 
the 
source 
to the 
most 
positive 
end of the capacitor, 
thereby 
achieving 
the lowest 
switch 
resistance 
and 
fastest 
reset times. 
The 
switch 
can 
easily 
handle 
any 
amount 
of capacitor 
discharge 
current 
subject 
only to the maximum 
heat dissipation 
of the package 
and 
the 
maximum 
operating 
junction 
temperature 
from 
which 
repetition 
rates can be established. 


SWITCHING 


Switching 
time tON and tOFF characteristics 
are plotted 
ver- 
sus VANALOGand temperature. 
In all cases, tOFF is designed 
faster 
than 
tON to insure 
a break-before-make 
interval 
for 
SPOT and OPOT applications. 
The disable 
input 
(OIS) 
has 
the same switching 
times 
(tON and tOFF) as the logic 
inputs 


(INx)· 


SWitching 
transients 
occurring 
at the source 
and drain 
con- 
tacts results from AC coupling 
of the switching 
FETs gate-to- 
source 
and gate-to-drain 
coupling 
capacitance. 
The switch 
turn 
ON will cause 
a negative 
going 
spike 
to occur 
and the 
turn 
OFF will cause 
a positive 
spike 
to occur. 
These 
spikes 
can 
be reduced 
by additional 
capacitance 
loading, 
lower 
values of RL, or switching 
an additional 
switch 
(with 
its extra 
contact 
floating) 
to the opposite 
state connected 
to the spike 
sensitive 
node. 


DISABLE NODE 


This TTL compatible 
node is similar 
to the logic 
inputs 
INx 


but has an internal 
2J.LA current 
source 
pull-up. 
If disable 
is 
left unconnected, 
it will assume 
the logic 
"1" state, then the 
state of the switches 
is controlled 
only by the logic inputslNx. 


POWER SUPPLIES 


This 
product 
operates 
with 
power 
supply 
voltages 
ranging 


from ± 12 to ± 18 volts; however, 
the specifications 
only gua- 


rantee device 
parameters 
with ± 15 volt ±5% power supplies. 


The power supply 
sensitive 
parameters 
have plots to indicate 
effects 
of supply 
voltages 
other than ± 15 volts. • 


I" -1000oF 


r 
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L 
I~_J~t 
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; 
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01 
03 
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APPLICATIONS 
INFORMATION 


Thissingle 
analog switch product configures, 
by appropriate 
pin connections, 
into four switch applications. 
As shown in 
Figure 1, the sw-oa connects 
as a QUAD SPST, a DUAL 
SPOT, a DUAL DPST, ora DPDTanalog 
switch. This versatil- 
ity increases further 
when taking advantage of the disable 
input (DIS) which turns all switches OFF when taken active 
low. 


lon-implantation 
of the JFET analog switch achieves low ON 
resistance and tight channel to channel matching. Combin- 
ing the low ON resistance and low leakage currents results in 
a worst case voltage error figure VERROR@125°C= 
IO(ON)X 


RSO(ON)= 100nA x 1000= 11microvolts. This amount of error 
is negligible considering 
dissimilar-metal 
thermally-induced 
offsets will be in the 5 to 15 microvolt 
range. 


LOGIC INPUTS 


The logic inputs (INx) and disable input (DIS) are referenced 
to a TTL logic threshold 
value of two forward 
diode drops 


(1.4V at 25° C) above the GND terminal. 
These inputs use 
PNP transistors 
which draw maximum current at a logic "0" 
level and drops to a leakage current of a reverse biased diode 
as the logic input voltage raises above 1.4 volts. Any logic 
input voltage greater than 2.0 volts becomes logic "1", less 
than 0.8 volls becomes logic "0" resulting 
in full TTL noise 
immunity 
not available 
from 
similar 
CMOS 
input 
analog 


i 
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switches. The PNP transistor 
inputs require such low input 
current that the sw-oa approaches 
fan-ins of CMOS input 
devices. These bipolar logic inputs exceed any CMOS input 
circuit in resistance to static voltage and radiation suscepta- 
bility. No damage will occur to the sw-oa if logic high vol- 
tages are present when the sw-oa power supplies are OFF. 
When the V+ and V- supplies 
are OFF, the logic 
inputs 
present a reverse bias diode loading to active logic inputs. 
Input logic thresholds are independent of V+ and V- supplies 
making single V+ supply operation 
possible by simply con- 
necting GND and V- together to the logic ground supply. 


ANALOG 
VOLTAGE 
AND CURRENT 


ANALOG VOLTAGE 


These switches have constant ON resistance for analog vol- 
tages from the negative power supply (V-) to within 4 volts of 
the positive power supply. This characteristic 
shown in the 
plots results in good total harmonic 
distortion, 
especially 
when compared to CMOS analog switches that have a 20 to 
30 percent variation in ON resistance versus analog voltage. 
Positive analog input voltages should be restricted to 4 volts 
less than V+ assuring the switch remains open circuit in the 
OFF state. No increase in switch ON resistance occurs when 
operating 
at supply voltages less than ±15 volts (see plot). 


Small signals have a 3dB down frequency 
of 70MHz (see 
insertion loss versus frequency 
plot). 


• 


11IIIIIIII ANALOG 
WDEVICES 


I 


FEATURES 


SW-201 


• 
Normally "ON" for Logic 0 Input 
• 
Improved Performance and Pin Compatible 
With DG-201, 
LF11201113201,HI201, and IH201 


SW-202 


• 
Normally "OFF" For Logic 0 Input 
• 
Improved 
Performance 
and 
Pin Compatible 
With 
LF11202/12202113202and IH202 


Both SW-201 and SW-202 


• 
Highly Resistant to Static Discharge Destruction 
• 
Guaranteed Break-Before-Make 
Switching 
(tOFF< tow 
• 
Low "ON" Resistance 
...................•... 
80n Max 
• 
Guaranteed RONMatching 
•..•.............. 
15% Max 
• 
Low RONVariation from Analog Input Voltage 
..... 
5% 
• 
High Analog Current Operation 
.•...•..•... 
10mA Mln 
• 
Low Leakage Currents at High Temperatures: 
TA= 125°C •..........•.•.... 
60nA Max 
TA= 
85°C ...•............... 
30nA Max 
• 
Guaranteed Switching 
Speeds: 
tON= 500ns Max tOFF= 400ns Max 
• 
Digital Inputs are TTL and CMOS Compatible 
• 
Dual or Single Supply Operation 
• 
Available in Ole Form 


SWITCH CONFIGURATION 
NC 
NO 


SW201GP 
SW202GP 
SW201GS 
SW202GS 


OPERATING 
TEMPERATURE 
RANGE 


XIND 
XIND 
16-PIN EPOXY 
16-PINSOL 
t 


Quad SPST JFET 
Analog Switches 


SW-201/SW-202 
I 


GENERAL 
DESCRIPTION 


The SW-201 and SW-202 each consist of four independent, 
single-pole, 
single-throw 
(SPST) analog 
switches, 
which 
may be independently 
digitally 
controlled. 
Each SW-201 
switch 
is normally 
closed 
(NC). whereas each SW-202 is 
normally open (NO) when the corresponding 
digital control 


input 
is a zero. The SW-201 and 
SW-202 are otherwise 
identical. 


The judicious 
combination 
of bipolar and FET devices in a 
single monolithic 
IC results in a product 
with performance 
characteristics 
and ruggedness that are superior to those of a 
similar circuit fabricated 
using CMOS technology. 


Increased reliability 
is complemented 
by excellent electrical 
specifications. 
Potential error sources are reduced by min- 
imizing "ON" resistance and controlling 
leakage currents at 
high temperatures. 
The switching 
FET exhibits minimal 
RON 
variation 
over a 20V analog signal 
range and with power 
supply 
voltage changes. 
Operation 
from a single 
positive 
power supply voltage is possible. With V+ = 36V,V-= 
OV,the 
analog signal range will extend from ground to +32V. 


The PNP logic inputs are TTL and CMOS compatible. 
Logic 
input currents are at micro-ampere levels which improves circuit 
fan in. 
• 


H)·PIN PLASTIC DIP 
(P-Sufflx) 


16-PIN SOL 
0,' 
(S-Suffix) 
:~: 


SW·201 
CONTROL 
LOGIC 
LOGIC 
SWITCH 
o 
ON 
1 
OFF 


SW·2Q2 CONTROL 
LOGIC 


LOGIC 
SWITCH 


o 
OFF 
1 
ON 


ANALOG 


IN (51 


aUT 
(0) 


ELECTRICAL CHARACTERISTICS at V± = ± 15V and TA = 25° C, unless otherwise noted. 


5W-201G 
5W-202G 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VA=OV,ls=lmA 
100 
150 


"ON" Resistance 
RON 
II 
VA = ±10V, 
Is= 
lmA 
100 
150 


RON Match Between 


RON Match 
VA = av, 10 = 100pA; 
20 
% 


Switches 
(Note 
1) 


Is = 1.0mA 
(Note 
6) 
+10 
+11 
Analog Voltage Range 
VA 
V 


Is= 
1.0mA 
-10 
-15 


Analog Current Range 
IA 
Vs = ±lQV 
10 
mA 


.iRON 
vs Applied 
Voltage 
dAON 
Vs:510V,ls=lrnA 
10 
20 
% 


Source Current in 
Vs = lOV, Vo = -lOV, 
10 
nA 


"OFF" 
Condition 
Is ,OFF, 
INote 
5) 


Drain Current in 
Vs = lOV, Vo = -lOV, 
10 
nA 


"OFF" 
Condition 
IOIOFF, 
INote 
51 


Leakage Current in 
Is IONI+ 
Vs = Vo= 
±10V, 
(Note 
5) 
10 
nA 
"ON" Condition 
J01ON1 


Logical 
"'" 
Input 
Current 
IINH 
V1N = 2V to 15V. (Note 
4) 
10 
"A 


Logical 
"0" 
Input 
Current 
IINL 
V1N = 0.8 
1.5 
10.0 
"A 


Turn-On- Time 
tON 
See Switching 
Time 
340 
700 
ns 
Test Circuit. INoie 71 


Turn-Off- Time 
tOFF 
See Switching 
Time 
200 
500 
Test Circuit, INote 7) 
ns 


Break-Before-Make 
Time 
tON-tOFF 
(Note 3) 
50 
140 
ns 


Source Capacitance 
Cs 10FF, 
VA = av. (Note 5) 
pF 


Drain Capacitance 
CO'OFFI 
VA = av. tNote 51 
5_5 
pF 


Channel "ON" Capacitance 
CO,ON,+ 
Vs = Vo = OV.(Note 5) 
15 
pF 
CSIONI 


"OFF" Isolation 
Iso 10FFI 


Vs = 5VAMS' A l = 680n. 
58 
dB 
Cl = 7pF. f = 500kHz, (Note 5) 


Crosstalk 
CT 
Vs = 5VRMS.A l = 680f), 
70 
dB 
Cl = 7pF. f = 500kHz. INote 5) 


Positive Supply Current 
1+ 
All Channels "ON", INote 51 
12 
mA 


Negative Supply Current 
1- 
All Channels "ON", INote 51 
6.5 
mA 


Positive Supply Current 
1+ 
All Channels "OFF", 


12 
(Note 5/ 
mA 


Negative Supply Current 
1- 
All Channels "OFF", 


INote 5/ 
mA 


Ground Current 
All Channels "ON" 


IG 
or "OFF" 
mA 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Operating Temperature Range 
SW-201GP, GS, SW202GP, GS 
-40°Cto 
+85°C 


Junction Temperature (T 


J 
) 
•••••••••••••••••••••••••••• 
-65°C to +150°C 


Storage Temperature Range 
-65°C to +150°C 


P-Suffix 
-65°C to +125°C 
Lead Temperature (Soldering, 60 sec) 
+300°C 


Maximum Junction Temperature 
+150°C 


V+ Supply to V- Supply 
36V 


V+ Supply to Ground 
36V 


Logic Input Voltage 
(-4V or V-) to V+ Supply 


Analog Input Voltage Range 


Continuous 
V- Supply to V+ Supply + 20V 


1% Duty Cycle and Driving All 4 Inputs with 
500l!sec Pulse 
V- Supply -15V to V+ Supply + 20V 
Maximum Current Through Any Pin 
30mA 


PACKAGE 
TYPE 
81A(Note 2) 
8le 
UNITS 


16-Pin Plastic DIP (P) 
82 
39 
oem 


16-PinSOL(S) 
98 
30 
oem 


NOTES: 
1. 
Absolute 
ratings apply to both DICE and packaged 
parts, 
unless 
otherwise 
noted. 


2. 
8'A is specified 
for worst case mounting 
conditions, 
i.e., 8-A is specified 
for 
d~vice 
in socket 
for P-DIP package; 8jA is specified 
for d~vice 
soldered 
to 


Printed CirCUitboard for SOL package. 


SW-201G 
SW-202G 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Temperature 
Range 
TA 
Operating 
70 
·C 


VA=QV,lo=lmA 
175 
"ON" 
Resistance 
RON 
n 


VA::: 
±10V, 
10 = lmA 
175 


RON Match 
Between 


RON 
Match 
VA::: av, 10 = 100pA; 


10 
% 


Switches 
(Note 
1) 


Is::: 
1.0mA 
(Note 
6) 
+10 
+11 


Analog Voltage Range 
VA 
V 


Is= 
1.0mA 
-10 
-15 


Analog Current Range 
IA 
Vs::: ±10.QV 
11 
mA 


~RON With Applied Voltage 
L\RON 
VsS+l0V 
15 
% 


Is=lrnA 


Source Current in 
Vs = 10V, Vo = -10V, 


IS tQFF, 
(Note 5) 
60 
nA 
"OFF" Condition 
TA = Max. 
Operating 
Temp. 


Drain Current in 
Vs = 10V, Vo = -10V, 


ICtOFFI 
(Note 5) 
60 
nA 
"OFF" Condition 


TA = Max. 
Operating 
Temp. 
• 


Leakage Current in 
ISlON1+ 
Vs::: Vo::: ±10V, 
(Note 
5) 


60 
nA 
"ON" Condition 
IOlONI 
T A = Max. 
Operating 
Temp. 


Logical "," Input Voltage 
VINH 
(Note 6) 
V 


Logic 
"0" 
Input 
Voltage 
V1NL 
(Note 
6) 
0.8 
V 


Logical 
"'" 
Input 
Current 
IINH 
V1N = 2V to 15V, (Note 
4) 
15 
.A 


Logical "0" Input Current 
IINl 
V1N== 0.8 
15 
.A 


Turn-On- Time 
tON 
See Switching Test Circuit, 


1000 
(Note 2) 
ns 


Turn-Off- Time 
tOFF 
See Switching Test Circuit, 
500 
(Note 2) 


Break-Betore-Make Time 
tON-tOFF 
(Note 3) 
50 
ns 


Positive Supply Current 
1+ 
All Channels "ON", (Note 51 
15.8 
mA 


Negative Supply Current 
1- 
All Channels "ON", (Note 51 
14.5 
mA 


Positive Supply Current 
1+ 
All Channels "OFF", 


18 
(Note 5) 
mA 


Negative Supply Current 
1- 
All Channels "OFF", 


{Note 51 
14.5 
mA 


Ground Current 
All Channels "ON" 


IG 
or "OFF" 
10.0 
mA 


NOTES: 


1. 
VA == OV, 10= 1OOIlA. 
Specified 
as a percentage 
of RAVEAAGEwhere: 


RON1+ RON2+ RON3+ RON4 
RAVERAGE= 
4 


2. 
Guaranteed 
by design. 
3. 
Switch is guaranteed 
by design to provide break-betore-make 
operation. 


4. 
Current 
tested at V1N= 2V. This is worst case condition. 
5. 
Switch being tested ON or OFF as indicated, 
V1NH= 2V or V1NL= O.8V,per 
logic truth table. 


6. 
Guaranteed 
by RONand leakage tests. For normal operation 
analog signal 


voltages should 
be restricted 
to Jess than (V+) -4V. 


7. 
Sample tested. 


1. 
INl 
9. 
IN3 
2. 
01 
10. 
03 
3. 
Sl 
11. 
S3 
4. v- (SUBSTRATE) 
13. 
V+ 
5. 
GNO 
14. 
S4 
6. 
S2 
15. 
04 
7. 
02 
16. 
IN4 
8. 
IN2 


DIE SIZE 0.101 X 0.097 inch, 9797 sq. mils 
(2.565 X 2.464 mm, 6.320 sq. mm) 


SW-201N 
SW·202N 
PARAMETER 
SYMBOL 
CONDITIONS 
LIMIT 


"ON" 
Resistance 
RON 
-10VSVAS10V,ISS1mA 
80 


RON Mismatch 
RON Match 
VA=OV,lsS1oo,.A 
15 


~RON va VA 
<l.RON 
VsS10V.ls= 
1mA 
15 


Positive 
Supply 
1+ 
(Note 
1) 
9 


Negative 
Supply 
Current 
1- 
(Note 
1) 
6 


Ground 
Current 
10 
4 


Analog Voltage Range 
VA 
's = 1mA (Note 3) 
±10 


Logic "1" Input Voltage 
VINH 
(Note 3) 


Logic 
"0" Input Voltage 
V1NL 
(Note 3) 
0.8 


Logic "0" Input Current 
IINL 
OV $: V1N:5 O.8V 


Logic "1" Input Current 
IINH 
2V S V'N S 15V, (Note 2) 


Analog 
Current 
Range 
IA 
Vs= ±10V 
10 


SW-201G 
SW-202G 
LIMIT 


100 


20 


20 


10.5 


7 


4 


UNITS 


nMAX 


'!loMAX 


'!loMAX 


mAMAX 


mAMAX 


mAMAX 


VMIN 


VMIN 


V MAX 


~A MAX 


~A MAX 


mAMIN 


NOTE: 
Electrical 
tests 
are performed 
at wafer 
probe 
to the limits 
shown. 
Due to variations 
in assembly 
methods 
and normal 
yield 
loss. yield 
after 
packaging 
is not 
guaranteed 
for standard 
product 
dice. Consult 
factory 
to negotiate 
specifications 
based on dice lot qualification 
through 
sample 
lot assembly 
and testing. 


PARAMETER 
SYMBOL 


"ON" 
Resistance 
RON 


Turn-On-Time 
tON 


Turn-Oft-Time 
tOFF 


Drain Current 
in 
10 (OFF) 
"OFF" 
Condition 


"OFF" 
Isolation 
Iso (OFF) 


Crosstalk 
CT 


SW-201N 
SW-201G 
SW-202N 
SW-202G 
TYPICAL 
TYPICAL 
UNITS 


60 
60 
n 


340 
340 
ns 


200 
200 
ns 


0.3 
0.3 
nA 


58 
58 
dB 


70 
70 
dB 


f = 500kHz, 
RL = 680n 


f = 500kHz, 
RL = 680n 


NOTES: 
1. 
Power 
supply 
and ground 
current 
specified 
for switch 
"ON" 
or "OFF". 
2. 
Current 
tested 
at V'N = 2V. This is worst 
case condition. 


3. 
Guaranteed 
by RON and leakage 
tests. 


"ON" RESISTANCE vs 
ANALOG VOLTAGE (VA) 


V+· 
+16V 
v-- -15V 
TA·25"C 
Is·'mA 
- 
- 


••-10 
-5 
0 
5 
10 


ANALOG 
INPUT VOL lAGE-VA 
(VOLTS) 


1/ 
..... 
V 
/' 
./ 
V 
/ 


••-55 
-25 
0 
25 
60 
75 
100 
126 


TEMPERATURE 
roC) 


"ON" RESISTANCE 
VI 
POWER SUPPLY VOLTAGE 


120 


11. 


100 


90 


80 
§ 
7. 


Z 
eo 
0 
a: 
50 
•• 


30 


20,. 


TA .125"C 


"ON- 


•.:t12 
.:t13 
!.14 
±15 
±18 
.:!:17 
.:t18 
:t19 


POWER SUPPLY VOLTAGE 
(VOLTS) 


SWITCHING 
TIME VI 
TEMPERATURE 


TA-2S'C 
Rl-lkO 
CL - lOpF 


• 
-65 
-25 
0 
25 
60 
75 
tOO 
125 


TEMPERATURE 
re) 


CROSSTALK AND "OFF" 
ISOLATION 
VI FREQUENCY 


SWITCH CURRENT VI 
VOLTAGE 


1200 


1100 


_ 
1000 
>.E 
900 
:rg 
800 
~ 700 
~ 
800 
~ 500 
w ••• 
'"~ 300 
0> 
200 


100 


1 r 1T T r 
r 
-TA-zs<>cfTII 
-VS·±15V 
I 
I 
II 
_ 
CURRENT 
INTO SOURCE 


/ 
/ 
/ 
V 


...•. 
/' 


•o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 12 
SWITCH CURRENT 
{mAl 


SWITCHING 
TIME VI 
ANALOG VOLTAGE 


Vs - t15V 
RL -lkSl 
CL -tOpF 
TA-25"C 


LEAKAGE CURRENT 
VI 
TEMPERATURE • 


'.pA 


-66 
-25 
0 
25 
60 
75 
100 
126 


TEMPERATURE 
("C) 


SWITCH CAPACITANCE 
VI 
ANALOG VOLTAGE 


32 


28 


2' 
! 20 


w"z 
18 
<l>-~ 12 
:tu 


v+ - 15V 
'-1MHz 
I- 
V---t5V 
TA- we 


I'---- 


Cs (ON) 


Cs (OFF) 
.... :::: 


Co (OFF) 
I I 
•-11 -9 -7 -5 
-3 -1 
1 
3 
5 
7 
9 
11 


ANALOG 
VOL lAGE 
(VOL TSI 


SW·201 


loWIOFF 
SWITCHING 
RESPONSE 


R, 
Vo=Vs--- 


Rl +'OSIONI 


SWITCH 


OUTPUT 


Vo 


C, 


J".5PF 


SW·202 


IOWIOFF SWITCHING 
RESPONSE 


* 3.5V 
LOGIC 
INPUT 
tf,tf<20ns 


APPLICATIONS INFORMATION 
This analog switch employs ion-implanted JFETs in a switch 
configuration designed to assure break-before-make action. 
The turn-off time is much faster than the turn-on time to 
guarantee this feature over the full operating temperature 
and input voltage range. Fabricated with Bipolar-JFET pro- 
cessing rather than CMOS, special handling is not necessary 
to prevent damage to these switches. Because the digital 
inputs only 
require a 2V logic 
"1" 
input 
level, power- 


consuming pullup resistors are not required for TTL com- 
patibility to insure break-before-make switching as is most 
often the case with CMOS switches. The digital inputs utilize 
PNP input transistors where input current is maximum at the 
logic "0" level and drops to that of a reverse-biased diode as 
the input voltage is raised above = 1.4V. 


The "ON" resistance, RON. of the analog switches isconstant 
over the wide input voltage range of -15V to +11V with 
VSUPPLY= ±15V. For normal operation, however, positive 
input voltages should be restricted to 11V (or4V lessthan the 
positive supply). This assures that the VGSof an OFF switch 
remains greater than its Vp, and prevents that channel from 
being falsely turned ON. Individual switches are "ON" with- 
out power applied. 


r-------, 
I TTL OR CMOS I 
I 
GATE 
I 
L 
..• 


TYPICAL APPLICATIONS 


PROGRAMMABLE GAIN NONINVERTING 
AMPLIFIER WITH SELECTABLE INPUTS 


VOUT 


+15V 


'x 


18kS1 
9.9kO 
99.9kn 


'ox 


,oox 


,OOOX 


210" 
'00k" 
lOOk" 


":" 


• 


Voltage References 
Contents 


Selection Tree 
6-2 


Selection Guide 
6-3 


Orientation 
6-4 


AD580 - High Precision 2.5 Volt IC Reference 
6-5 


AD581 - High Precision 10 Volt IC Reference 
......................•............................ 
6-9 


AD584 - Pin Programmable 
Precision Voltage Reference 
6-15 


AD586 - High Precision 5 V Reference 
6-23 


AD587 - High Precision 10 V Reference 
6-31 


AD588 - High Precision Voltage Reference 
6-39 


AD589 - Two-Terminal 
IC 1.2 V Reference 
6-51 


AD680 - Low Power Low Cost 2.5 V Reference 
6-55 


AD688 - High Precision ± 10 V Reference 
6-63 


ADI403/1403A - Low Cost Precision 2.5 V IC References 
6-71 


AD2700/270112702 
- ± 10 Volt Precision Reference Series 
6-75 


AD2710/2712 
- ± 10,000 Volt Ultrahigh Precision Reference Series 
6-79 


REF-Ol - + 10 V Precision Voltage Reference 
6-83 


REF-02 - +5 V Precision Voltage ReferencelTemperamre 
Transducer 
6-91 


REF-03 - +2.5 V Precision Voltage Reference 
6-99 


REF-OS - +5 V Precision Voltage Reference 
6-107 


REF-08 - Negative 10 V/IO.2V Voltage Reference 
6-113 


REF-IO - + 10 V Precision Voltage Reference 
6-121 


REF-43 - +2.5 V Low Power Precision Voltage Reference 
6-127 • 


~ Selection Tree 
§ Voltage References 


~ 
~ 
~ 
~ 
~ 
C/) 


ADS84 
(2.S, s.o, 7.S or 10V) 


ADS88 
(+s & +10, -S & -10 or ±SV) 


ADS89 
ADS80 
ADS86 
ADS81 
AD2701 
AD688 
AD680 
REF-02 
ADS87 
REF-08 
AD2702 
AD1403 
REF-OS 
AD2700 
AD2712 
REF-03 
AD2710 
REF-43 
REF-01 
REF-10 


Selection Guide 
Voltage References 


Initial 
Temp 
Output 
Accuracy 
Stability 
Voltage 
%FS 
pml"C 
Package 
Temp 
Model 
V 
max 
max 
Options' 
Range' 
Page 
Comments 


AD589 
+1.235 
1.2-2.8 
10-100 
7 
C,M 
C II 6-51 
Two Tenninal, 
1.2 V Reference 
*AD680 
+2.5 
0.2~.4 
20-30 
2,6,16 
C, I 
C II 6-55 
Low Cost, Low Power 2.5 V Reference 
AD580 
+2.5 
0.4-3 
10-85 
7 
C,M 
C II 6-5 
Precision, 
Three Terminal, 
2.5 V Reference 
ADl403/ADI403A 
+2.5 
0.4-1 
25-40 
2 
I 
C II 6-71 
Second Source, 2.5 V Reference 


REF-43 
+2.5 
0.6-1 
10-25 
2,3,6,7 
I,M 
C II 6-127 
Precision Bandgap Reference 
REF-03 
+2.5 
0.6 
50 
2,6 
I 
C II 6-99 
Low Cost Bandgap Reference 
AD586 
+5 
0.0~.4 
5-25 
3,6 
C,M 
C II 6-23 
Precision, 
Buried Zener 5 V Reference 
REF·02 
+5 
0.~.5 
8.5-25 
2,3,4,6,7 
C,I,M 
C II 6-91 
Precision Bandgap Reference 
REF-OS 
+5 
0.~.6 
8.5-25 
7 
M 
C II 6-107 
Guaranteed 
Long Tenn 
Stability 
AD2710 
+10 
0.01 
1-5 
2 
C 
C II 6-79 
Ultrahigh Precision 10 V Reference 


AD2700 
+10 
0.025~.05 
3-10 
I 
C,M 
C II 6-75 
Very High Precision 10 V Reference 
AD587 
+10 
0.0~.1 
5-20 
3,6 
C,M 
C II 6-31 
Precision 
10 V Buried Zener Reference 
AD581 
+10 
0.0~.3 
5-30 
7 
C,M 
C II 6-9 
Three Terminal 
10 V Bandgap Reference 
REF-Ol 
+10 
0.~.5 
8.5-25 
2,3,4,6,7 
C,I,M 
C II 6-83 
Precision Bandgap Reference 
REF-I0 
+10 
0.0~.4 
5-25 
2,3,6,7 
I,M 
C II 6-121 
Precision Bandgap Reference 
AD2712 
±10 
0.01 
1-5 
2 
C 
C II 6-79 
Ultrahigh Precision 
±10 V Reference 
AD688 
±1O 
0.02~.05 
1.5-6 
3 
I,M 
C II 6-63 
High Precision Monolithic 
±10 V Reference 
AD2702 
±10 
0.02~.05 
3-10 
1 
C,M 
C II 6-75 
Very High Precision 
±1O V Reference 
AD2701 
-10 
0.02~.05 
3-10 
1 
C,M 
C II 6-75 
Very High Precision 
-10 V Reference 
REF-08 
-10, 
-10.24 
0.~.4 
50-100 
2,3,6 
I,M 
C II 6-113 
General Purpose Buried Zener Reference, 
Pin Selectable 
Output 
AD588 
Selectable 
0.01 
1.5-6 
2,3,4 
C,I,M 
C II 6-39 
Ultrahigh Precision, 
Monolithic 
Programmable 
Reference 
AD584 
Selectable 
0.0~.3 
5-30 
4,7 
C,M 
C II 6-15 
Precision, 
Programmable 
Bandgap Reference 


'Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 ~ Hermelic Melal Can; 8 = Hermetic Melal Can DIP; 9 = Ceramic Flalpack; 10 = Plastic Quad Flalpack; 11 ~ Single-In-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 ~ Nonhermetic Ceramid 
Glass DIP; 14 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = TO-92. 
lTemperature Ranges: C = Commercial, 0 to +70°C; I = Industrial, -40°C to +8SoC (Some older products -25°C to +85°C)j M = Military, -55°C to + 125°C. 
Boldface Type: Product recommended for new design. 
*New product since the publication of the most recent Databooks. 
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A voltage reference is used to provide an accurately known volt- 
age which can be utilized in a circuit or system. For example, 
measurement 
systems rely on precision references in order to 
establish a basis for absolute measurement 
accuracy. Any refer- 
ence inaccuracy will undermine the accuracy of the overall sys- 
tem. Thus, ideal references are characterized by accurately set 
(and traceable to recognized fundamental 
standards) constant 
output voltage, independent 
of temperature, 
load changes, input 
voltage variation and time. 


TYPES OF REFERENCES 
Some of the available IC reference circuits use the bandgap prin- 
ciple: the VBE of any silicon transistor has a negative tempco of 
about 2 mVrC, 
which can be extrapolated to approximately 
1.2 


volts at absolute zero (the bandgap 
voltage of silicon). Since 
identical transistors operating at constant current densities will 
have predictably different temperature 
coefficients of base emit- 
ter voltage, it is possible to arrange circuit elements so as to null 
out the temperature 
coefficients associated with the two phe- 
nomena and produce a constant voltage (usually 1.2 volts). This 
temperature-invariant 
voltage can be amplified and buffered to 
produce a standard voltage value, such as 2.5 Vor 
10.0 V. The 
following devices employ the bandgap architecture: 
AD580, 
AD581, AD584, AD589, AD680, REF01, REF02, REF03, 
REF05, REFlO, and REF43. 


Another popular form of reference circuit uses a selected low- 
drift Zener diode, followed by a buffer-amplifier 
as a precision- 
gain stage to provide a standard output voltage. 


A buried-Zener 
design provides lower noise and drift than 
bandgap references. Laser trimming of thin-ftlm resistors results 
in excellent accuracy and low drift versus temperature. 
This 
technique provides initial accuracy to ± I mV and temperature 
drifts as low as 1.5 ppm in the AD588 (+10 V, +5 V, ±5 V 
tracking, 
-5 V and -10 V outputs) and the AD688 (± 10 V 
tracking outputs). 
Similar reference designs with single voltage 
outputs (AD586 and AD587, + 5 V and + 10 V respectively) 
have accuracies and temperature 
coefficients that are nearly as 
good as the AD588 and AD688. 


Several of the references allow the user to optionally connect a 
capacitor to a noise reduction pin on the IC which further re- 
duces the noise output of the reference. In the AD586, the 
wideband noise (to 1 MHz) of 200 fLYpeak-to-peak (P-p) is 
reduced to 160 fLV p-p by adding a 1 fLFcapacitor to the noise 
reduction point. 


Many data converter ICs require a negative reference voltage, 
which in the past required an additional op amp to invert the 
output of a positive reference. The AD588 provides a ± 5 V 
tracking output and the AD688 provides a ± 10 V tracking out- 
put, while the REF-08 provides a -10 V or -10.24 
V output. 


Output current capability of the voltage reference must also be 
considered when selecting a reference. The amount of current 
that the reference must source, or sink, for the rest of the sys- 
tem affects which references are acceptable or which may need 
additional 
buffering. 


Kelvin connections provide output sense and force connections, 
so that the actual voltage at the load is sensed and any IR drops 
in the leads are compensated. 
The AD588 and AD688 provide 
sense and force connections in their designs. 


DEFINITION 
OF SPECIFICATIONS 
Line Regnlation 
The change in output voltage due to a specified change in input 
voltage. It includes the effects of self-heating. Line Regulation is 
expressed in either percent per volt, parts-per-million 
per volt, 
or microvolts per volt change in input voltage. 


Load Regulation 
The change in output voltage for a specified change in load cur- 
rent. It includes the effects of self-heating. Load Regulation is 
expressed in either microvolts per milliampere, 
parts-per-million 
per milliampere, or ohms of dc output resistance. 


Long-Term 
Stability 
The change in output voltage versus time, specified in ppm/1OOO 
hours. 


Output Voltage Tolerance 
The deviation from the nominal output voltage at 25°C with 
specified input voltage as measured by a device traceable to a 
recognized fundamental 
voltage standard. 


Output Voltage Change with Temperature 
The change in output voltage from the value at 25°C ambient; it 
is independent 
of variations in the other operating conditions. It 
may be expressed as either an error band or temperature 
coeffi- 
cient. The error band (e.g., ±5 mY, -55°C to + 125°C) is 
defmed graphically in terms of a box (voltage vertically, temper- 
ature horizontally) whose diagonals extend from 25°C to T MAX 
and 25°C to T MIN, with a slope equal to the stated temperature 
coefficient. Thus, the total absolute error for a particular refer- 
ence over its specified temperature 
range is equal to the output 
voltage tolerance at 25°C plus the error band. 


Output Temperature 
Coefficient 
The ratio of output change with temperature 
variation to the 
specified temperature 
range expressed in ppml"C. 


Output Turn-On 
Settling Time 
The time, from a cold start, for the reference output to settle 
within a specified error band. This defmition relates only to the 
electrical turn-on time of the chip, and does not include thermal 
settling time which depends on the package, heat-sinking and 
load-current 
change. 


Output Voltage Noise 
The narrowband 
(0.1 Hz to 10 Hz) and wideband (to 1 MHz) 


random noise on the reference output. It may be measured in 
fLYp-p or in nV/y'Hz. 


Quiescent 
Supply Current 
The current required from the supply to operate the device with 
no load. 


~ANALOG 
WDEVICES 


I 


FEATURES 
Laser Trimmed to High Accuracy: 
2.500V 
±O.4% 
3-Terminal 
Device: Voltage InNoltage 
Out 
Excellent Temperature 
Stability: 
10ppmfC 
(AD580M, U) 
Excellent 
Long Term Stability: 
250llV (251lV/Month) 
Low Quiescent 
Current: 
1.5mA max 
Small, Hermetic 
IC Package: T0-52 
Can 
MIL-STD~3 
Compliant 
Versions Available 


PRODUCT DESCRIPTION 
The ADS80 is a three-terminal, 
low cost, temperature 
compen- 
sated, bandgap voltage reference which provides a fixed 2.SV 
output for inputs between 4.SV and 30V. A unique combin- 
ation of advanced circuit design and laser-wafer-trimmed 
thin-film resistors provide the ADS80 with an initial tolerance 
of ±O.4%, a temperature 
stability of better than 10ppm/oC 
and long-term stability of better than 2S0J.LV. In addition, 
the low quiescent current drain of 1.SmA max offers a clear 
advantage over classical zener techniques. 


The ADS80 is recommended 
as a stable reference for all 8-, 


10. and 12-bit D-to-A converters that require an external refer- 
ence. In addition, the wide input range of the ADS80 allows 
operation with S volt logic supplies making the ADS80 ideal 
for digital panel meter applications or whenever only a single 
logic power supply is available. 


The ADS80J, 
K, L and M are specified for operation over the 
o to +70°C temperature 
range; the ADS80S, T and U arespeci- 
fied for operation over the extended temperature 
range of 
-SSoC to +12SoC. 


High Precision 
2.5V IC Reference 


AD580* 
I 


FUNCTIONAL 
BLOCK DIAGRAM 


TO-S2 


PRODUCT HIGHLIGHTS 
1. Laser-trimming of the thin-film resistors minimizes the 


ADS80 
output error. For example, the ADS80L output 
6 


tolerance is ±10mV. 


2. The three-terminal voltage in/voltage out operation of the 
ADS80 
provides regulated output voltage without any 
external components. 
3. The ADS80 
provides a stable 2.SV output voltage for 
input voltages between 4.SV and 30V. The capability to 
provide a stable output voltage using a S-volt input makes 
the ADS80 
an ideal choice for systems that contain a 
single logic power supply. 
4. Thin film resistor technology and tightly controlled bipolar 
processing 'provide the ADS80 
with temperature 
stabilities 
to 10ppm/ C and long term stability better than 2S0J.LV. 
S. The low quiescent current drain of the ADS80 
makes it 
ideal for CMOS and other low power applications. 


6. The ADS80 
is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current ADS80/883B data sheet for detailed specifications. 


ADS80 CHIP DIMENSIONS 
AND PAD LAYOUT 


The ADS80 
is also available in chip form. Consult the factory 


for specifications and applications information. 


AD580-SPECIFICATIONS 
(@ E1N = +15V and +25°C) 


Model 
AD580J 
AD580K 
AD580L 
AD580M 
Mia 
Typ 
Mas 
Mia 
Typ 
Mas 
Mia 
Typ 
Mas 
Mia 
Tn> 
Mas 
Units 


OUTPUTYOLTAGETOLERANCE 
(Error from Nominal 2.500 Volt Output) 
±75 
±25 
±IO 
±10 
mY 


OUTPUT YOLTAGE CHANGE 


TIIlia[oTmu 
IS 
7 
4.3 
1.75 
mY 


.85 
40 
25 
10 
ppmf'C 


LINE REGULATION 
7VsVlNs30V 
1.5 
6 
1.5 
4 
"'- 
2 
2 
mY 


4.SVsVlNs1V 
0.3 
3 
0.3 
2 
I 
I 
mY 


LOAD REGULATION 
61 = 10mA 
10 
10 
10 
10 
mY 


QUIESCENT CURRENT 
1.0 
1.5 
1.0 
1.5 
1.0 
1.5 
1.0 
1.5 
mA 


NOISE(O.IHzto 
10Hz) 
8 
8 
8 
8 
"Y(p-p) 


STABILITY 
LongTenn 
250 
250 
250 
250 
"Y 
Per Month 
25 
25 
25 
25 
"Y 


TEMPERATURE 
PERFORMANCE 
Spccifi<d 
0 
+70 
0 
+70 
0 
+70 
0 
+70 
'C 
Operatin8 
-55 
+ 125 
-55 
+ 125 
-55 
+ 125 
-55 
+ 125 
'C 
Storage 
-65 
+ 175 
-65 
+ 175 
-65 
+ 175 
-65 
+ 175 
'C 


PACKAGE OPTION' 
TO-52 (H-03A) 
. 
. 
. 
. 


Model 
AD580S 
AD580T 
AD580U 
Mia 
Tn> 
Mas 
Mia 
Tn> 
Mas 
Mia 
Tn> 
Mas 
U.its 


OUTPUT YOLTAGE TOLERANCE 


(Error 
from 
Nomina12.SOO 
Vall Output) 
±25 
±IO 
±IO 
mY 


OUTPUT YOLTAGE CHANGE 


TminlOT mu. 
25 
11 
4.5 
mY 
55 
25 
10 
ppmJ'C 
,- 


LINE REGULATION 


7VsV1Ns30V 
1.5 
6 
2 
2 
mY 


4.SVSVINS7V 
0.3 
3 
I 
I 
mY 
, 


LOAD REGULATION 
61=10mA 
10 
10 
10 
mY 


QUIESCENT CURRENT 
1.0 
1.5 
1.0 
1.5 
1.0 
1.5 
mA 


NOISE(O.IHzto 
10Hz) 
8 
8 
8 
"Y(p-p) 


STABILITY 


Long 
Term 
250 
250 
250 
"Y 


Per Month 
25 
25 
25 
"Y 
TEMPERATURE 
PERFORMANCE 


Specified 
-55 
+ 125 
-55 
+ 125 
-55 
+ 12S 
'C 
Operating 
-55 
+ ISO 
-55 
+ 150 
-55 
+150 
'C 
Storage 
-65 
+ 175 
-65 
+ 175 
-65 
+ 175 
'C 


ABSOLUTE MAXIMUM RATINGS 
J 


Input 
Voltage 
40Y 


Power 
Dissipation@ 
+ 250C 


Ambient 
TemperatUfe 
350mW 


Derate 
above 
+ 2S"C 
2.8mWrc 


Lead 
Tempc:ramI'C: 
(Soldering, 
10 see) 
3OO'C 


Thermal 
Resistance 


Junction·to-Case 
l00"'CIW 


Junction-to-Ambient 
36O'C1W 


PACKAGE OPTION' 
TO-52 (H-03A) 
. 
. 
. 


NOTE 
• H - Metal Can. For oudine infonnation 
see Package Information 
section. 


Specifications 
subject 
to change 
without 
notice. 


Specifications 
shown 
in boldface 
are [Qted 
on all production 
umtlat 
fmal dtttri· 


cal tQt. Results 
from 
those felts are used to calculate 
ouraoins 
quality 
levels. 
AU 
m.in and 
mu 
SpeciflCltiOns 
are 
guarmteed, 
although 
only 
thote 
shown 
in 


boJdfKeare 
tested on all production 
units. 


Applying the AD580 


THEORY OF OPERATION 
The AD580 family (AD580, AD581, AD584, AD589) uses 
the "bandgap" 
concept to produce a stable, low-temperature- 
coefficient voltage reference suitable for high accuracy data- 
acquisition components 
and systems. The device makes use 
of the underlying physical nature of a silicon transistor base- 
emitter voltage in the forward-biased operating region. All 
such transistors have approximately 
a -2mVtC 
temperature 
coefficient, unsuitable for use directly as a low TC reference; 
however, extrapolation 
of the temperature 
characteristic of 
anyone 
of these devices to absolute zero (with emitter cur- 
rent proportional 
to absolute temperature) 
reveals that it wil1 
go to a VBE of 1.205 volts at OK, as shown in Figure 1. Thus, 
if a voltage could be developed with an opposing temperature 
coefficient to sum with VBE to total 1.205 volts, a zero-TC 
reference would result and operation from a single, low-voltage 
supply would be possible. The AD580 circuit provides such a 
compensating voltage, VI in Figure 2, by driving two transis- 
tors at different current densities and amplifying the resulting 
VBE difference (l:.YBE- which now has a positive TC); the 
sum (Vz) is then buffered and amplified up to 2.5 volts to pro- 
vide a usable reference-voltage output. Figure 3 is the sche- 
matic diagram of the AD580. 


The AD580 operates as a three-terminal 
reference, which 
means that no additional components 
are required for biasing 
or current setting. The connection diagram, Figure 4 is quite 
simple. 


tN 
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-l00-C 
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Figure 1. Extrapolated Variation of Base-Emitter Voltage with 
Temperature (lEaT), and Required Compensation, Shown for 
Two Different Devices 
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Figure 4. AD580 Connection Diagram 


VOLTAGE VARIATION VS. TEMPERATURE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. 
Historically, refer- 
ences are characterized using a maximum deviation per degree 
Centigrade; i.e., 10ppmtC. 
However, because of the incon- 
sistent nonlinearities in zener references (butterfly 
or "S" 
type characteristics), 
most manufacturers 
use a maximum 
limit error band approach to characterize their references. 
This technique measures the output voltage at 3 to 5 different 
temperatures and guarantees that the output voltage deviation 
will fall within the guaranteed error band at these discrete 
temperatures. This approach, of course, makes no mention or 
guarantee of performance at any other temperature 
within the 
operating temperature range of the device. 


The consistent Voltage vs. Temperature 
performance 
of a typi- 
cal AD580 is shown in Figure 5. Note that the characteristic 
is quasi-parabolic, not the possible "S" type characteristics of 
classical zener references. This parabolic characteristic permits 
a maximum output deviation specification over the device's 
full operating temperature 
range, rather than just at 3 to 5 
discrete temperatures . 


• 


The AD580M guarantees a maximum deviation of 1.75mV 
over the 0 to +70oC temperature 
range. This can be shown to 
be equivalent to 10ppmfC 
average maximum; i.e... 


1.75r::V max 
X _1_ 
= 10ppmlC 
max average 
70 C 
2.5V· 


The AD580 typically exhibits a variation of 1.5mV over the 
power supply range of 7 to 30 volts. Figure 6 is a plot of 
AD580 line rejection versus frequency. 
NOISE PERFORMANCE 
Figure 7 represents the peak-to-peak noise of the AD580 
from 1Hz (3dB point) to a 3dB high end shown on the 
horizontal axis. Peak-to-peak noise from 1Hz to lMHz is 
approximately 
600j.lV. 


THE AD580 AS A CURRENT LIMITER 
The AD580 represents an excellent alternative to current 
limiter diodes which require factoty-selection 
to achieve a 
desired current. This approach often results in temperature 
coefficients of 1%/oC. The AD580 approach is not limited 
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to a specially selected factory set current limit; it can be pro- 
grammed from 1 to 10mA with the insertion of a single ex- 
ternal resistor. The approximate temperature 
coefficient of 
current limit for the AD580 used in this mode is o.13%lC 
for lUM = lmA and 0.01 %lC for lUM = 13mA (see Figure 9). 
Figure 8 displays the high output impedance of the AD580 
used as a current limiter for IUM = 1, 2, 3,4, SmA. 


Figure 9. A Two-Component Precision Current Limiter 
THE AD580 AS A WW POWER, LOW VOLTAGE PRE· 
CISION REFERENCE FOR DATA CONVERTERS 
The AD580 has a number of features that make it ideally 
suited for use with AID and D/A data converters used in 
complex microprocessor-based 
systems. The calibrated 
2.500 volt output minimizes user trim requirements 
and 
allows operation from a single low voltage supply. Low 
power consumption (lmA quiescent current) is com- 
mensurate with that of CMOS-type devices, while the low 
cost and small package complements the decreasing cost and 
size of the latest converters. 


Figure 10 shows the AD580 used as a reference for the 
AD7542 12-bit CMOS DAC with complete microprocessor 
interface. The AD580 and the AD7542 are specified to 
operate from a single 5 volt supply; this eliminates the need 
to provide a +15 volt power supply for the sole purpose of 
operating a reference. The AD7542 includes three 4-bit data 
registers, a 12-bit DAC register, and address decoding logic; 
it may thus be interfaced directly to a 4-, 8- or 16-bit data bus. 
Only 8mA of quiescent current from the single +5 volt supply 
is required to operate the AD7542 which is packaged in a 
small 16-pin DIP. The AD544 output amplifier is also low 
power, requiring only 2.5mA quiescent current. Its laser- 
trimmed offset voltage preserves the ±1/2LSB linearity of 
the AD7542KN without user trims and it typically settles 
to ±112 LSB in less than 3j.ls.It will provide the 0 to -2.5 
volt output swing from ±5 volt supplies. 
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Figure 10. Low Power, Low Voltage Reference for the 
AD7542 Microprocessor-Compatible 
12-8it DAC 


AD581* 


FEATURES 
Laser-Trimmed to High Accuracy: 
10.000 Volts ±SmV (L and U) 
Trimmed Temperature Coefficient: 
SppmrC max, 0 to +70·C (L) 
10ppmrC max, -SSOCto + 12S·C(U) 
Excellent Long-Term Stability: 
2Sppm/1000 hrs. (Noncumulative) 
Negative 10 Volt Reference Capability 
Low Quiescent Current: 1.0mA max 
10mA Current Output Capability 
3-Terminal TO-S Package 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 
The AD581 is a three-terminal. temperature compensated. 
monolithic band-gap voltage reference which provides a pre- 
cise 10.00 volt output from an unregulated input level from 
12 to 30 volts. Laser Wafer Trimming (LWT) is used to trim 
both the initial error at +25°C as well as the temperature 
coefficient. which results in high precision performance pre- 
viously available only in expensive hybrids or oven-re;ulated 
modules. The 5mV initial error tolerance and 5ppml C guar- 
anteed temperature 
coefficient of the AD581L represent the 


best performance combination 
available in a monolithic volt- 
age reference. 


The band-gap circuit design used in the AD581 offers several 
advantages over classical Zener breakdown diode techniques. 
Most important. 
no external components are required to 
achieve full accuracy and stability of significance to low power 
systems. In addition. total supply current to the device. includ- 
ing the output buffer amplifier (which can supply up to lOmA) 
is typically 750IJA. The long-term stability of the band-gap 
design is equivalent or superior to selected Zener reference 
diodes. 


The AD581 is recommended for use as a reference for 8-. 10- 
or 12-bit DI A converters which require an external precision ref- 
erence. The device is also ideal for all types of AID converters 
up to 14 bit accuracy. either successive approximation 
or inte- 
grating designs. and in general can offer better performance 
than that provided by standard self-contained references. 


The AD581J. K. and L are specified for operation from 0 to 
+70oC; the AD581S. T. and U are specified for the _55°C to 
+125°C range. All grades are packaged in a hermetically- 
sealed three-terminal TO-5 metal can. 


PRODUCT HIGHLIGHTS 
1. Laser trimming of both initial accuracy and temperature 
coefficient results in very low errors over temperature 
with- 
out the use of external components. The AD581L has a 
maximum deviation from 10.000 volts of ±7.25mV from 
o to +70°C. while the AD581 Uguarantees±15mV 
maximum 
total error without external trims from -55°C to +125°C. 


2. Since the laser trimming is done on the wafer prior to sepa- 
ration into individual chips. the AD581 will be extremely 
valuable to hybrid designers for its ease of use. lack of 
required external trims,.and inherent high performance. 


3. The AD581 can also be operated in a two-terminal "Zener" 


mode to provide a precision negative 10 volt reference with 
just one external resistor to the unregulated supply. The per- 
formance in this mode is nearly equal to that of the stand- 
ard three-terminal configuration. 


4. Advanced circuit design using the band-gap concept allows 
the AD581 to give full performance with an unregulated in- 
put voltage down to 13 volts. With an external resistor. the 
device will operate with a supply as low as 11.4 volts. 


• 


5. The AD581 is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD5811883B data sheet for detailed specifications. 


AD581-SPECIFICATIONS 
(@V. 


, - 


AD58I) 
AD58IK 
AD58IL 
Model 
MiD 
Typ 
Mal< 
MiD 
Typ 
M.,. 
MiD 
Tn> 
Mal< 
Units 


OUTPUT 
VOLTAGE 
TOLERANCE 


(Error fromnominallO,OOOV 
output) 
±30 
±IO 
±5 
mV 


OUTPUT 
VOLTAGE 
CHANGE 
Maximum 
Deviation 
from + 2SOC 
±13.5 
±6.75 
±2.25 
mV 
Value, T min to T nwt 


(Temperature 
Coefficient) 
30 
15 
5 
ppmf'C 


LINE REGULATION 
15VsVlNs30V 
3.0 
3.0 
3.0 
mV 


(0.002) 
(0.002) 
(0.002) 
%IV 
13VsVlNs15V 
1.0 
1.0 
1.0 
mV 
. 
(0.005) 
(0.005) 
(0.005) 
%IV 


LOAD REGULATION 
O~IoUT~5mA 
200 
SOO 
200 
SOO 
200 
SOO 
",V/mA 


QUIESCENT 
CURRENT 
0.75 
1.0 
0.75 
1.0 
0.75 
1.0 
mA 


TURN-ON 
SETTLING 
TIME 
TOO.I%' 
200 
200 
200 
IJ.S 


NOISE 
(0.1 (0 10Hz) 
40 
40 
40 
",V/pop 


LONG-TERM 
STABILITY 
25 
25 
25 
ppmllOOOhrs. 


SHORT -CIRCUIT 
CURRENT 
30 
30 
30 
mA 


OUTPUT 
CURRENT 
Source@ 
+ 25"C 
10 
10 
10 
mA 
Source 
T min to T nwr. 
5 
5 
5 
mA 
Sink T min toT 
m&lI 
5 
5 
5 
",A 
Sink - 55"C (0 + 85"C 
- 
- 
- 
mA 


TEMPERATURE 
RANGE 
Specified 
0 
+70 
0 
+70 
0 
+70 
"C 


Operating 
-65 
+ 150 
-65 
+ 150 
-65 
+ 150 
"C 


PACKAGE 
OPTION' 


TO-5 (H-03B) 
ADS81JH 
AD581KH 
ADS81LH 


AD58IS 
AD58IT 
AD581U 
Model 
MiD 
Typ 
M.,. 
MiD 
Typ 
M.,. 
MiD 
Typ 
Mal< 
Units 


OUTPUT 
VOLTAGE 
TOLERANCE 


(Error from nominallO,OOOV 
output) 
±30 
±IO 
±5 
mV 


OUTPUT 
VOLTAGE 
CHANGE 
Maximum 
Deviation 
from + 25°C 
±30 
±15 
±IO 
mV 
Value, 
T min to T mu 


(Temperature 
Coefficient) 
30 
15 
10 
ppmf'C 


LINE REGULATION 
15VsVINs30V 
3.0 
3.0 
3.0 
mV 


(0.002) 
(0.002) 
(0.002) 
'ioN 


13VsVrNs 
ISV 
1.0 
1.0 
1.0 
mV 


(0.005) 
(0.005) 
(0.005) 
%IV 


LOAD REGULATION 
OsIoUTs5mA 
200 
SOO 
200 
SOO 
200 
SOO 
",V/mA 


QUIESCENT 
CURRENT 
0.75 
1.0 
0.75 
1.0 
0.75 
1.0 
mA 


TURN-ON 
SETTLING 
TIME 
TO 0.1%' 
200 
200 
200 
IJ.S 


NOISE(O.I 
to 10Hz) 
40 
40 
40 
",V/pop 


LONG-TERM 
STABILITY 
25 
25 
25 
ppmllOOO hrs. 


SHORT -CIRCUIT 
CURRENT 
30 
30 
30 
mA 


OUTPUT 
CURRENT 
Source@ 
+25"<: 
10 
10 
10 
mA 


Source 
T min to T mn 
5 
5 
5 
mA 
Sink T min to T mAll 
200 
200 
200 
",A 
Sink - 55"C (0 + 85"C 
5 
5 
5 
mA 


TEMPERATURE 
RANGE 
Specified 
- 55 
+ 125 
-55 
+ 125 
- 55 
+ 125 
"C 


Operating 
-65 
+ 150 
-65 
+ 150 
-65 
+ 150 
"C 


PACKAGE 
OPTION' 


TO-5 (H-03B) 
ADS81SH 
ADS81TH 
ADS81UH 


NOTES 
ISee Figure 7. 
2H = Hermetic Mcu! Can. Foroutlinc 
information see Package Information section. 


S~c;iiio;.(jon.:s 3ubic"'l lu ••.hdllgC widlUU( Ilutil.:c. 


Specifications shown in boldface afC tested on all production 
units at final electri· 


cal tcst. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications 
are guaranteed, 
although 
only those shown 
in 
boldface are tested on all production 
units. 


ABSOLUTE 
MAXIMUM 
RATINGS 
Input Voltage V1N 10 Ground 
... 
_ . 


Power Dissipation @ + 25°C 
. . . . . 


Operating Junction Temperature 
Range 
Lead Temperature 
(Soldering, 
IOsec) 


Thermal Resistance 
Junction-to-Ambient 
. 


. 
40V 


600mW 


- 55°C to + 150°C 


+ 300°C 


ISO°CIW 


REV. A 


Applying the AD581 


APPLYING THE ADS81 
The AD S 81 is easy to use in virtually all precision reference 
applications. 
The three terminals are simply primary 
supply, 
ground, and output, 
with the case grounded. 
No external com- 
ponents are required even for high precision applications; 
the 
degree of desired absolute accuracy is achieved simply by 
selecting the required device grade. The ADS81 requires less 
than 1mA quiescent 
current from an operating 
supply range 
of 12 to 30 volts. 


An external fine trim may be desired to set the output 
level 
to exactly 
10.000 volts within less than a millivolt (calibrated 
to a main system reference). 
System calibration 
may also re- 


quire a reference slightly different 
from 10.00 volts. In either 
case, the optional 
trim circuit shown in Figure 2 can offset the 
output 
by up to ±30 millivolts (with the 22U resistor), 
if 
needed, with minimal effect on other device characteristics. 
• 


lIO'---- 
-.- 
----" 
---0 
reference voltage error over temperature. 
Historically, 
refer- 
ences have been characterized 
using a maximum 
deviation 
per 
degree Centigrade; 
i.e., IOppmt"C. 
However, because of non- 
Iinearities in temperature 
characteristics, 
which originated 
in 
standard 
Zener references 
(such as "S" type characteristics) 
most manufacturers 
have begun to use a maximum 
limit error 
band approach 
to specify devices. This technique 
involves 
measurement 
of the output 
at 3, 5 or more different 
tempera- 
tures to guarantee 
that the output 
voltage will fall within the 
given error band. The temperature 
characteristic 
of the AD581 
consistently 
follows the S-curve shown in Figure 4. Three-point 
measurement 
of each device guarantees 
the error band over the 
specified temperature 
range. 


The error band which is guaranteed 
with the AD581 is the 
maximum 
deviation from the initial value at +25·C; this error 
band is of more use to a designer than one which simply guar- 
antees the maximum 
total change over the entire range (i.e., 
in the latter definition, 
all of the changes could occur in the 
positive direction). 
Thus, with a given grade of the AD581, the 
designer can easily determine 
the maximum 
total error from 
initial tolerance 
plus temperature 
variation (e.g., for the 
AD581T, 
the initial tolerance 
is ±10mV, the temperature 
error 
band is ± 15mV, thus the unit is guaranteed 
to be 10.000 volts 
±25mV from -55·C 
to +125·C). 


/ 
/" 
i' •••• 
1' 
IJI 


OUTPUT CURRENT 
CHARACTERISTICS 
The AD581 has the capability 
to either source or sink current 
and provide good load regulation 
in either direction, 
although 
it has better characteristics 
in the source mode (positive cur- 


rent into the load). The circuit is protected 
for shorts to either 
positive supply or ground. The output 
voltage vs. output 
cur- 


~ 
~5 
-10 
~ 
10 
15 
~ 
SOURCE 
SINK 


OUTPUT CURRENT 
_ 
mA 


rent is positive. Note that the short circuit current 
(i.e., zero 
volts output) 
is about 28mA; when shorted to +15 volts, the 
sink current goes to about 2OrnA. 


DYNAMIC PERFORMANCE 
Many low power insttument 
manufacturers 
are becoming 
in- 
creasingly concerned 
with the turn-on characteristics 
of the 
components 
being used in their systems. Fast turn-on compo- 
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. 
Figure 6 displays the turn-on characteristic 
of 
the AD581. This characteristic 
is generated 
from cold-start 
operation 
and represents 
the true turn-on waveform 
after an 
extended 
period with the supplies off. The figure shows both 
the coarse and fine transient 
characteristics 
of the device; the 
total settling time to within ±10 millivolt is about 180llS, and 
there is no long thermal tail appearing after the point. 
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darlington pnp devices to provide much greater output current 
capability. The circuit shown in Figure 9 delivers a precision 
10 volt output with up to 4 amperes supplied to the load. The 
O.lIlF capacitor is required only if the load has a significant 
capacitive component. 
If the load is purely resistive, improved 
high frequency supply rejection results from removing the 
capacitor. 


CONNECTION FOR REDUCED PRIMARY SUPPLY 
While line regulation is specified down to 13 volts, the typical 
ADS81 will work as specified down to 12 volts or below. The 
current sink capability allows even lower supply voltage capa- 
bility such as operation from 12V ±S% as shown in Figure 10. 
The S60n resistor reduces the current supplied by the ADS81 
to a manageable level at full SmA load. Note that the other 
bandgap references, without current sink capability, may be 
damaged by use in this circuit configuration. 


Figure 
10. 12-Volt Supply 
Connection 


THE ADS81 AS A CURRENT LIMITER 
The ADS81 represents an alternative to current limiter diodes 
which require factoty selection to achieve a desired current. 
This approach often results in temperature 
coefficients of 
l%/C. 
The ADS81 approach is not limited to a defined 
set current limit; it can be programmed from 0.75 to SmA 
with the insertion of a single external resistor. Of course, the 
minimum voltage required to drive the connection is 13 volts. 
The ADS80, which is a 2.5 volt reference, can be used in this 
type of circuit with compliance voltage down to 4.5 volts. 
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BOTTOM VIEW OF 
10 VOLT PRECISION 
REFERENCE 
CIRCUIT 
IN To·s CASE 


NEGATIVE 10-VOLT REFERENCE 
The ADS81 can also be used in a two-terminal "Zener" mode 
to provide a precision -10.00 volt reference. As shown in Fig- 
ure 13, the VIN and VOUTterminals are connected together 
to the high supply (in this case, ground). The ground pin is 
connected through a resistor to the negative supply. The out- 
put is now taken from the ground pin instead of VOUT' With 
1mA flowing through the ADS81 in this mode, a typical unit 
will show a 2mV increase in output level over that produced 
in the three-terminal mode. Note also that the effective output 
impedance in this connection increases from 0.2n 
typical to 


2 ohms. It is essential to arrange the output load and the sup- 
6 


ply resistor, Rs, so that the net current through the ADS81 is 
always between 1 and SmA. For operation to +12SoC, the net 
current should be between 2 and SmA. The temperature 
charac- 
teristics and long-term stability of the device will be essentially 
the same as that of a unit used in the standard three-terminal 
mode. 


The ADS81 can also be used in a two-terminal mode to develop 
a positive reference. VIN and VOUT are tied together and to 
the positive supply through an appropriate 
supply resistor. The 
performance characteristics will be similar to those of the neg- 
ative two-terminal connection. The only advantage of this con- 
nection over the standard three-terminal connection 
is that a 
lower primaty supply can be used, as low as 10.5 volts. This 
type of operation will require considerable attention 
to load 
and primaty supply regulation to be sure the ADS81 always 
remains within its regulating range of I to 5mA (2 to 5mA 
for operation beyond +8SoC). 


10 VOLT REFERENCE 
WITH MULTIPLYlNG 
CMOS D/A 
OR AID CONVERTERS 


The AD581 is ideal for application 
with the entire AD7533 
series of 10- and 12-bit multiplying 
CMOS D/A converters, 
especially for low power applications. 
It is equally suitable for 
the AD7574 8-bit AID converter. 
In the standard 
hook-up, 
as 
shown in Figure 14, the +10 volt reference is inverted by the 
amplifier/DAC 
configuration 
to produce 
a 0 to -10 volt range. 


If an AD308 amplifier is used, total quiescent supply current 
will typically 
be 2mA. If a 0 to +10 volt full scale range is 
desired, the AD581 can be connected 
to the CMOS DAC in its 
-10 volt "Zener" 
mode, as shown in Figure 12 (the -10VREF 
output 
is connected 
directly to the VREF IN of the CMOS 
DAC). The AD581 will normally be used in the -10 volt mode 
with the AD7574 to give a 0 to +10 volt ADC range. This is 
shown in Figure 14. Bipolar output 
applications 
and other 
operating details can be found in the data sheets for the 
CMOS products. 


PRECISION 
12-BIT D/A CONVERTER 
REFERENCE 
The AD562, like most D/A 
converters, 
is designed to operate 
with a +10 volt reference element. 
In the AD562, this 10 volt 
reference voltage is converted 
into a reference current 
of ap- 
proximately 
0.5mA via the internal 
19.95kn 
resistor (in series 
with the external 
lOOn trimmer). 
The gain temperature 
coef- 
ficient of the AD562 is primarily governed by the temperature 
tracking of the 19.95kn 
resistor and the 5k/l0k 
span resistors; 
this gain T.C. is gua~anteed to 3ppmt"C. Thus, using the 
AD581L (at 5ppml 
C) as the 10 volt reference guarantees 
a 
maximum 
full scale temperature 
coefficient 
of 8ppmt" Cover 
the commercial 
range. The 10 volt reference also supplies the 
normallmA 
bipolar offset current 
through the 9.95k bipolar 
offset resistor. The bipolar offset T .C. thus depends 
only on 
the T.C. matching of the bipolar offset resistor to the input 
reference resistor and is guaranteed 
to 3ppmt" C. 
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NOTE 1: Rl AND R2 CAN BE OMITTED 
IF GAIN TRIM 
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FEATURES 
Four Programmable 
Output 
Voltages: 
10.000V. 7.S00V. S.OOOV,2.S00V 
Laser-Trimmed 
to High Accuracies 
No External Components 
Required 
Trimmed 
Temperature 
Coefficient: 
SppmrC 
max, 0 to +70"<: (ADS84L) 
1SppmrC 
max, - SS"<:to + 12SoC(ADS84T) 
Zero Output 
Strobe Terminal 
Provided 
Two Terminal 
Negative 
Reference 
Capability 
(SV & Above) 
Output 
Sources or Sinks Current 
Low Quiescent 
Current: 
1.0mA max 
10mA Current Output Cepability 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 
The AD584 is an eight-tenninal 
precision voltage reference 
offering pin-programmable 
selection of four popular output 
voltages: 10.000V, 7.500V, 5.000V and 2.5OOV. Other out- 
put voltages, above, below or between the four standard out- 
puts, are available by the addition of external resistors. Input 
voltage may vary between 4.5 and 30 volts. 


Laser Wafer Trimming (LWT) is used to adjust the pin-program- 
mable output levels and temperature 
coefficients, resulting in 
the most flexible high precision voltage reference available in 
monolithic fonn. 


In addition to the programmable output voltages, the AD584 
offers a unique strobe tenninal which permits the device to be 
turned on or off. When the AD584 is used as a power supply 
reference, the supply can be switched off with a ~ingle, low- 
power signal. In the "off" state the current drain by the 
AD584 is reduced to about 
100J.LA. In the "on" state the total 
supply current is typically 
750J.LA including the output buffer 
amplifier. 


The AD584 is recommended 
for use as a reference for 8-, 10- 
or l2-bit D/A converters which require an external precision ref- 
erence. The device is also ideal for all types of AID converters 
of up to 14 bit accuracy, either successive approximation 
or 
integra ting designs, and in general can offer better performance 
than that provided by standard self-contained references. 


The AD584], K and L are specified for operation from 0 to 
+70oC; the AD584S and T are specified for the -55°C to 
+125°C range. All grades are packaged in a hermetically 
sealed eight-terminal TO-99 metal can; the AD584] and K are 
also available in an 8'pin plastic DIP. 


Pin Programmable 
Precision Voltage Reference 


AD584* 
I 


AD584 


TOP VIEW 
(NottoSc.le) 


PRODUCT HIGHUGHTS 
1. The flexibility of the AD584 eliminates the need to design- 
in and inventory several different voltage references. Further- 
more one AD584 can serve as several references simultane- 
ously when buffered properly. 


2. Laser trimming of both initial accuracy and temperature 
coefficient results in very low errors over temperature 
with- 
out the use of external components. 
The AD584LH has a 
maximum deviation from 10.000 volts of ±7.25mV from 
o to +70°C. 
3. The AD584 can be operated in a two-tenninal 
"Zener" 


mode at 5 volts output and above. By connecting the input 
and the output, the AD584 can be used in this "Zener" 
configuration as a negative reference. 


4. The output of the AD584 is configured to sink or source 
currents. This means that small reverse currents can be 
tolerated in circuits using the AD584 without damage to 
the reference and without disturbing the output voltage 
(lOV, 7.5V and 5Voutputs). 


5. The AD584 is available in versions compliant with MIL- 
STD-88 3. Refer to the Analog Devices Military Products 
Databook or current AD584/883B 
data sheet for de- 
tailed specifications. 
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AD584-SPECIFICATIONS 
(@VIM = 15V and 25°C) 


Model 
AD584J 
AD584K 
AD584L 


MiD 
Typ 
Mu 
MiD 
Typ 
Mu 
MiD 
Typ 
Mu 
Uaib 


OUTPUT 
VOLTAGE 
TOLERANCE 


Maximum 
Errorl 
for Nominal 


OulpUlSOf: 


10.OOOV 
%30 
%10 
%5 
mV 


7.5OOV 
%20 
%8 
%4 
mV 


5.000V 
%15 
%6 
%3 
mV 


2.5OOV 
%7.5 
%3.5 
%2.5 
mV 


OUTPUT 
VOLTAGE 
CHANGE 
Maximum 
Deviation 
from + 250C 


Value, 
TmintoTlDU 
2 


10.000, 7.500, 
5.000VOutputs 
30 
IS 
5 
ppmf'C 


2.5OOV Output 
30 
IS 
10 
ppmI"C 


Differential 
Temperature 


Coefficients 
Between 
OutpulS 
5 
3 
3 
ppmf'C 


QUlESCENTCURRENT 
0.75 
1.0 
0.75 
1.0 
0.75 
1.0 
mA 


Temperature 
Variation 
1.5 
1.5 
1.5 
••ArC 


TURN·ON 
SETTLING 
TIME 
TOO.I 
% 
200 
200 
200 
I'S 


NOISE 


(0.1 to 10Hz) 
50 
50 
50 
••VP-P 


LONG-TERM 
STABILITY 
25 
25 
25 
ppmllOOOHn. 


SHORT 
-CIRCUIT 
CURRENT 
30 
30 
30 
mA 


LINE 
REGULA 
nON 
(No Load) 


15VsVlNs30V 
0.002 
0.002 
0.002 
%IV 


(VOUT 
+2.5V)sVlNsI5V 
0.005 
0.005 
0.005 
%IV 


LOAD 
REGULATION 


Os lOUTS SmA) All OutpulS 
20 
50 
20 
50 
20 
50 
ppm/mA 


OUTPUT 
CURRENT 


VlN,"VOUT 
+ 2.5V 
Source@ 
+25"C 
10 
10 
10 
mA 


Source T min to T mu 
5 
5 
5 
mA 


SinkTmintoTmu 
5 
5 
5 
mA 


TEMPERATURE 
RANGE 
Operating 
0 
+70 
0 
+70 
0 
+70 
"C 


Storage 
-65 
+ 175 
-65 
+ 175 
-65 
+ 175 
"C 


PACKAGE 
OPTION' 


TO-99 
(H-ogA) 
AD584JH 
AD5g4KH 
AD584LH 


Plastic (N-8) 
AD584JN 
AD584KN 


NOTES 
IAtPin 
1. 


ZCalculated as average over the operating temperature 
range. 
JH = Hermetic Metal Can; N = Plastic DIP. For package outline information see 
Package Information 
section. 
Specifications subject to change without notice. 


Specifications 
shown in boldface are tested on all production 
units at fmal electri- 


cal tcst. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications 
are guaranteed, 
although 
only those shown 
in 
boldface are tested on all production 
units. 


METALIZATION 
PHOTOGRAPH 
Dimensions shown in inches and (rom). 


ABSOLUTE 
MAX RATINGS 
Input Voltage VIN to Ground 
. 
Power Dissipation 
@ + 25°C 
. 
Operating Junction Temperature 
Range 
Lead Temperature 
(Soldering lOsec) 


Thermal Resistance 
Junction·to-Ambient 
(H-08A) 
. 


. 
40V 
600mW 
- 55°C to + 125°C 
+ 300°C 


• 
COMMON 
OR 
v- 
NOTES 
'BOTH 10V PADS MUST BE CONNECTED TO THE OUTPUT. 
-INTERCONNECTIONS 
REQUIRED; SEE ptN DESIGNATIONS 
FOR INFORMATION. 


--NOT 
BROUGHT OUT IN PACKAGE DEVICE. 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99, fI-PIN METAL PACKAGE. 


Model 
AD584S 
ADS84T 
Min 
Typ 
Max 
Min 
Typ 
Mill< 
Units 


OUTPUT 
VOLTAGE 
TOLERANCE 
Maximum Error' for Nominal 


Outputs of: 


10.oooV 
±30 
±10 
mV 
7.500V 
±20 
±8 
mV 


5.OOOV 
±15 
±6 
mV 


2.500V 
±7.5 
±3.5 
mV 


OUTPUT 
VOLTAGE 
CHANGE 
Maximum Deviation from + 25'C 


Value, T minto T mu 2 


10.000, 7.500, 5.OOOVOutputs 
30 
IS 
ppmI'C 


2.500VOutput 
30 
20 
ppmf'C 


Differential Temperature 
Coefficients Between Outputs 
5 
3 
ppmI'C 


QUIESCENT 
CURRENT 
0.75 
1.0 
0.75 
1.0 
mA 
Temperature 
Variation 
1.5 
1.5 
fJ.Af'C 


TURN·ON 
SETTLING 
TIME TO 0.1 % 
200 
200 
fJ.s 


NOISE 
(0.1 to 10Hz) 
50 
50 
fJ.Vp-p 


LONG-TERM 
STABILITY 
25 
25 
ppm/1oooHrs. 


SHORT -CIRCUIT 
CURRENT 
30 
30 
mA 


LINE REGULA nON 
(No Load) 
15VsVlNs30V 
0.002 
0.002 
%IY 


(VOUT +2.5V)sVlNsI5V 
0.005 
0.005 
%N 


LOAD REGULATION 
OsIoUTs5mA, 
All Outputs 
20 
50 
20 
50 
ppm/mA 


OUTPUT 
CURRENT 
VlN"'VOUT +2.5V 
Source@ 
+ 25'C 
10 
10 
mA 


Source T min to T max 
5 
5 
mA 


SinkTmintoT~ 
5 
5 
mA 


TEMPERATURE 
RANGE 
Operating 
- S5 
+ 125 
-55 
+ 125 
'C 
Storage 
-6S 
+ 175 
-65 
+ 175 
'C 


PACKAGE OPTIONS' 
TO-99 (H.Q8A) 
AD584SH 
AD584TH 
• 


NOTES 
'AlPin I. 


2Calculated 
as average 
over the operating 
temperature 
range. 
3H = Hermetic 
Metal Can. For outline 
information 
see Package 
Information 
section. 


Specifications 
subject 
to change 
without 
notice. 


Specifications 
shown 
in boldface 
are tested 
on all production 
units 
at fmal electri- 
cal test. 
Results 
from 
those 
tests are used 
to calculate 
outgoing 
quality 
levels. 
All 
min and max specifications are guaranteed, although only those shown in 
boldface 
are tested 
on all production 
units. 


APPLYING THE ADS84 
With power applied to pins 8 and 4 and all other pins open the 
ADS84 will produce a buffered 
nominal10.0Voutput 
between 
pins 1 and 4 (see Figure 1). The stabilized output 
voltage 
may be reduced to 7.SV, S.OV or 2.SV by connecting 
the 
programming 
pins as follows: 


OUTPUT VOLTAGE 


7.5V 


PIN PROGRAMMING 


Join the 2.SV and S.OV pins (2) 
and (3). 
Connect the S.OV pin (2) to the 
output 
pin (1). 
Connect the 2.SV pin (3) to the 
output 
pin (1). 


The options shown above are available without 
the use of any 
additional 
components. 
Multiple outputs 
using only one 
ADS84, are also possible by simply buffering each voltage 
programming 
pin with a unity-gain noninverting 
op amp. 


I 
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I 


: +5V 
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·THE 
2.5V TAP IS USED INTERNALLY 
ASA BIAS POINT 
AND SHOULD NOT BE CHANGED BY MORE THAN 
100mV 
IN ANY TRIM CONFIGURATtoN. 


Figure 1. 
Variable Output Options 


The ADS84 can also be programmed 
over a wide range of out- 
put voltages, including voltages greater than 10V, by the ad- 
dition of one or more external resistors. 
Figure 1 illustrates 
the general adjustment 
procedure, 
with approximate 
values 
given for the internal resistors of the ADS84. The ADS84 may 
be modeled as an op amp with a non inverting feedback 
con- 
nection, driven by a high stability 
1.21 S volt bandgap refer- 
ence (see Figure 3 for schematic). 


When the feedback 
ratio is adjusted with external 
resistors, the 
output 
amplifier can be made to multiply the reference 
voltage 
by almost any convenient 
amount, 
making popular outputs 
of 
10.24V, S.12V, 2.S6V or 6.3V easy to obtain. The mostgener- 
al adjustment 
(which gives the greatest range and poorest reso- 
lution) uses R1 and R2 alone (see Figure 1). As R1 is adjusted 
to its upper limit the 2.SV pin 3 will be connected 
to the out- 
put, which will reduce to 2.SV. As R1 is adjusted to its lower 
limit, the output 
voltage will rise to a value limited by R2. For 
example, if R2 is about 6H2, the upper limit of the output 
range will be about 20V even for large values of Rl. R2 should 


not be omitted; 
its value should be chosen to limit the output 
to a value which can be tolerated 
by the load circuits. If R2 is 
zero, adjusting R1 to its lower limit will result in a loss of 
control over the output 
voltage. If precision voltages are re- 
quired to be set at levels other than the standard 
outputs, 
the 
20% absolute tolerance 
in the internal resistor ladder must be 
accounted 
for. 


Alternatively, 
the output 
voltage can be raised by loading the 
2.SV tap with R3 alone. The output 
voltage can be lowered by 
connecting 
R4 alone. Either of these resistors can be a fixed 
resistor selected by test or an adjustable 
resistor. In all cases 
the resistors should have a low temperature 
coefficient 
to 
match the ADS84 internal resistors, which have a negative T .C. 
less than 60ppm/o C. If both R3 and R4 are used, these resistors 
should have matched temperature 
coefficients. 


When only small adjustments 
or trims are required, 
the circuit 
of Figure 2 offers better resolution 
over a limited trim range. 


The circuit can be programmed 
to S.OV, 7.SVor 
10V and 
adjusted by means of R1 over a range of about ±200mV. 
To 
trim the 2.SV output 
option, 
R2 (Figure 2) can be reconnected 
to the bandgap reference (pin 6). In this configuration, 
the 
adjustment 
should be limited to ±100mV in order to avoid 
affecting the performance 
of the ADS84. 


PERFORMANCE OVER TEMPERATURE 
Each ADS84 is tested at three temperatures over the -5 S°C to 
+12SoC range to ensure that each device falls within the Maxi- 
mum Error Band (see;Figure 4) specified for a particular grade 
(i.e., Sand T grades); three-point measurement also guaran- 
tees performance within the error band from 0 to +700C (i.e., 
J, K, or L grades). The error band guaranteed for the ADS84 
is the maximum deviation from the initial value at +2SoC. 
Thus, given the grade of the ADS84, the designer can easily 
determine the maximum total error from initial tolerance plus 
temperature 
variation. For example, for the ADS84T, the 
initial tolerance is ±10mV and the error band is ±lSmV. 
Hence, the unit is guaranteed to be 10.000 volts ±2SmV from 
-55°C to +12SoC. 


Figure 4. 
Typical Temperature 
Characteristic 


OUTPUT CURRENT CHARACTERISTICS 
The ADS84 has the capability to either source or sink current 
and provide good load regulation in either direction, although 
it has better characteristics in the source mode (positive cur- 
rent into the load). The circuit is protected for shorts to either 
positive supply or ground. The output voltage vs. output cur- 
rent characteristics of the device is shown in Figure S. Source 
current is displayed as negative current in the figure; sink cur- 
rent is positive. Note that the short circuit current (i.e., zero 
volts output) is about 28mA; when shorted to +15 volts, the 
sink current goes to about 20mA. 
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Figure 5. AD584 
Output 
Voltage 
vs. Sink and Source Current 


DYNAMIC PERFORMANCE 
Many low power instrument manufacturers 
are becoming in- 
creasingly concerned with the turn-on characteristics of the 
components being used in their systems. Fast turn-on compo- 
nents often enable the end user to keep power off when not 


needed, and yet respond quickly when the power is turned on 
for operation. Figure 6 displays the rurn-on characteristic of 
the ADS84. Figure 6a is generated from cold-start operation 
and represents the true turn-on waveform after an extended 
period with the supplies off. The figure shows both the coarse 
and fine transient characteristics of the device; the total settling 
time to within ±10 millivolts is about 180llS, and there is no 
long thermal tail appearing after the point. 
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NOISE FILTERING 
The bandwidth of the output amplifier in the ADS84 can be 
reduced to filter the output noise. A capacitor ranging between 
6 


O.OlIlF and O.lIlF connected between the Cap and VaG termi- 
nals will further reduce the wideband and feedthrough 
noise 
in the output of the ADS84, as shown in Figure 8. However, 
this will tend to increase the turn-on settling time of the 
device so ample warm-up time should be allowed. 


Figure 7. Additional 
Noise Filtering 
with an External Capacitor 
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Figure 8. Spectral Noise Density and Total rms Noise 
vs. Frequency 


AD584- 
Applications 


USING THE STROBE TERMINAL 
The AD584 has a strobe input which can be used to zero the 
output. This unique feature permits a variety of new applica- 
tions in signal and power conditioning circuits. 


Figure 9 illustrates the strobe connection. A simple NPN 
switch can be used to translate a TTL logic signal into a strobe 
of the output. The AD584 operates normally when there is 
no current drawn from pin 5. Bringing this terminal low, to 
less than 200mV, will allow the output voltage to go to zero. 
In this mode the AD584 should not be required to source or 
sink current (unless a 0.7V residual output is permissible). If 
the AD584 is required to sink a transient current while strobed 
off, the strobe terminal input current should be limited by a 
10011 resistor as shown in Figure 9. 


The strobe terminal will tolerate up to 5/lA leakage and its 
driver should be capable of sinking 500/lA continuous. 
A low 
leakage open collector gate can be used to drive the strobe 
terminal directly, provided the gate can withstand the AD584 
output voltage plus one volt. 


STROBE 
...- 
100nt 


2OI<n 


Figure 9. Useof the Strobe Terminal 


PRECISION HIGH CURRENT SUPPLY 
The AD584 can be easily connected to a power PNP or power 
Darlington PNP device to provide much greater output current 
capability. The circuit shown in Figure 10 delivers a precision 
10 volt output with up to 4 amperes supplied to the load. The 
O.I/lF 
capacitor is required only if the load has a significant 
capacitive component. 
If the load is purely resistive, improved 
high frequency supply rejection results from removing the 
capacitor. 


The AD584 can also use an NPN or Darlington NPN transistor 
to boost its output current. Simply connect the 10V output 
terminal of the AD584 to the base of the NPN booster and take 
the output from the booster emitter as shown in Figure 11. 
The 5.0V or 2.5V pin must connect to the actual output in 
this configuration. Variable or adjustable outputs (as shown in 
Figures 1 and 2) may be combined with +5.0V connection to 
obtain outputs above +5.0V. 


VOUT 
I+5V.12A 
ASSHOWNI 


THE AD584 AS A CURRENT LIMITER 
The AD584 represents an alternative to current limiter diodes 
which require factoty selection to achieve a desired current. 
Use of current limiting diodes often results in temperature 
coefficients of 1%/oC. Use of the AD584 in this mode is not 
limited to a set current limit; it can be prol(rammed from 0.75 
to SmA with the insertion of a single external resistor (see 
Figure 12). Of course, the minimum voltage required to drive 
the connection is 5 volts. 


NEGATIVE REFERENCE VOLTAGES FROM AN AD584 
The AD584 can also be used in a two-terminal "zener" mode 
to provide a precision -10, -7.5 or -5.0 volt reference. As 
shown in Figure 13, the VIN and VOUTterminals are con- 
nected together to the positive supply (in this case, ground). 
The AD584 common pin is connected through a resistor to the 
negative supply. The output is now taken from the common 
pin instead of VOUT.With ImA flowing through the AD584 in 
this mode, a typical unit will show a 2mV increase in output 
level over that produced in the three-terminal 
mode. Note also 
that the effective output impedance in this connection in- 
creases from 0.211 typical to 211. It is essential to arrange 
the output load and the supply resistor, Rs, so that the net 
current through the AD584 is always between 1 and SmA 
(between 2 and SmA for operation beyond +85°C). The 
temperature 
characteristics and long-term stability of the 


device will be essentially 
the same as that of a unit used in the 
standard 
three-terminal 
mode. 


The ~I?S 84 can also be used in a two-terminal 
mode to develop 
a posltlve reference. 
VIN and VOUT are tied together 
and to 
the positive supply through 
an appropriate 
supply resistor. The 
p~rformance 
c~aracteristi~ 
will be similar to those of the neg- 
ative two·termlnal 
connection. 
The only advantage of this con- 
nection over the standard 
three-terminal 
connection 
is that a 
lower primary supply can be used, as low as O.S volts above 
the desired output 
voltage. This type of operation 
will require 
considerable 
anention 
to load and primary supply regulation 
to be sure the ADS84 always remains within its regulating 
range of 1 to SmA (2 to SmA for operation 
beyond 8SoC). 


10 VOLT REFERENCE 
WITH MULTIPLYING 
CMOS D/A 
OR AID CONVERTERS 
The ADS84 is ideal for application 
with the entire AD7S20 
series of 10- and 12-bit multiplying 
CMOS D/A converters, 
especially for low power applications. 
It is equally suitable for 
the A~7S~4 
8-bit AID converter. 
In the standard 
hook-up 
as 
shown In FIgure 14, the standard output voltages are inverted by 


8 
AD584 
1 


the amplltler/DAC 
configuration 
to produce 
converted 
voltage 
ranges. For example, a +10Vreference 
produces a 0 to -10V 
range. If an AD308 amplifier is used, total quiescent 
supply 
current will typically be 2mA. The ADS84 will normally 
be 
used in the -10 volt mode with the AD7S74 to give a 0 to +10 
volt ADC range. This is shown in Figure 16. Bipolar ou tput 
applications 
and other operating 
details can be found in the 
data sheets for the CMOS products. 


• 


Figure t4. Low Power to-Bit CMOS DAC Application 


PRECISION 
D/A CONVERTER 
REFERENCE 
The ADS 62, like many DI A converters. 
is designed to operate 
with a +10 volt reference element (Figure 
IS). 
In the ADS62. 


this 10 volt reference voltage is converted 
into a reference 
cur- 
rent of approximately 
O.SmA via the internal 
19.9Skn 
resistor 
(in series with the external 
lOOn trimmer). 
The gain tempera- 


ture coefficient 
of the ADS62 is primarily governed by the 
temperature 
tracking 
of the 19.9Skn 
resistor and the Sk/l0k 
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using the A0584L 
(at 5ppmrC) 
as the 10 volt reference 
guarantees 
a maximum 
fun scale temperature 
coefficient 
of 
8ppm/oC over the commercial 
range. The 10 volt reference 
also supplies the normal1mA 
bipolar offset current 
through 
the 9.95k bipolar offset resistor. The bipolar offset T.C. thus 
depends only on the T.C. matching of the bipolar offset resis- 
torto 
the input reference resistor and is guaranteed 
to 3ppmt"C. 


Figure 17 demonstrates 
the flexibility 
of the A0584 
applied 
to another 
popular 01A configuration. 
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Figure 16. AD584 as Negative 10 Volt Reference for 
CMOSADC 
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FEATURES 
Laser Trimmed 
to High Accuracy: 
5.000V ±2.0mV 1M Gradel 
Trimmed 
Temperature 
Coefficient: 
2ppml"C 
max, 0 to +70·C 1M Gradel 
10ppml"C 
max, 
-55·C 
to + 125°C IT Gradel 
Noise 
Reduction 
Capability 
Low Quiescent 
Current: 
3mA max 
Output 
Trim Capability 
MIL-STD-883 Compliant 
Versions 
Available 


PRODUCT 
DESCRIPTION 
The AD586 represents a major advance in the state-of-the-art 
in 


monolithic voltage references. Using a proprietary 
ion-implanted 
buried Zener diode and laser wafer trimming of high stability 
thin-ftlm resistors, the AD586 provides outstanding performance 
at low cost. 


The AD586 offers much higher performance than most other 
5V references. Because the AD586 uses an industry standard 
pinout, many systems can be upgraded instantly with the AD586. 
The buried Zener approach to reference design provides lower 
noise and drift than bandgap voltage references. The AD586 
offers a noise reduction pin which can be used to further reduce 
the noise level generated by the buried Zener. 


The AD586 is recommended 
for use as a reference for 8-, 10-, 
12-, 14- or 16-bit D/A converters which require an external 
precision reference. The device is also ideal for successive ap- 
proximation or integrating AID converters with up to 14 bits of 
accuracy and, in general, can offer better performance than the 
standard on-chip references. 


The AD586J, K, L and M are specified for operation from 0 to 
+ 70°C, and the AD586S and T are specified for - 55°C to 
+ 125°C operation. All grades, except for the AD586M, are 
packaged in an 8-pin cerdip package. The AD586J, K, Land 
M are available in an 8-pin plastic package. The AD586J and 
the AD586K are also available in an 8-pin plastic surface mount 
small outline (SO) package. 


High- Precision 
5V Reference 


AD586 
I 


4 


GROUND 
NOTE: 
PINS 
1, 3 & 7 ARE INTERNAL 
TEST POINTS. 


MAKE 
NO CONNECTIONS 
TO THESE 
POINTS. 


PRODUCT 
HIGHLIGHTS 
I. Laser trimming of both initial accuracy and temperature 
coefficients results in very low errors over temperature 
without 
the use of external components. The AD586M has a maximum 
deviation from 5.000V of ±2.45mV 
between 0 and +70°C, 


and the AD586T guarantees 
±7.5mV 
maximum total error 
between - 55°C and + 125°C. 


2. For applications requiring higher precision, an optional fme- 
trim connection is provided. 


3. Any system using an industry standard pinout reference can 
be upgraded instantly with the AD586. 


4. Output noise of the AD586 is very low, typically 411V Pop. A 
noise reduction pin is provided for additional noise ftltering 
using an external capacitor. 


5. The AD586 is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD586/883B data sheet for detailed specifications. 
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AD586-SPEC 
IFI CA11ONS (fa= +25OC.VII = +15V unless othenvise specified) 


AD586J 
AD586K 
AD586L 
AD586M 
AD586S 
AD586T 
Model 
MiD 
Typ 
Mas 
MiD 
Typ 
Mas 
MiD 
Typ 
Mas 
MiD 
Typ 
Mas 
MiD 
Typ 
Mas 
MiD 
Typ 
Mas 
UlIiU 


Oulput Voltage 
4.980 
5.020 
4.995 
5.00s 
4.9975 
5.002 
4.998 
5.002 
4,990 
5.010 
4.9975 
5.0025 V 


Output 
Voltage Driftl 


010 +7<rc 
25 
15 
5 
2 
ppDlI"C 
- 55"Cto + 125"C 
20 
10 


Gain Adjustment 
+6 
+6 
+6 
+6 
+6 
+6 
% 


-2 
-2 
-2 
-2 
-2 
-2 


Line ReguJ.ation 
I 
1O.8V< 
+V1N<36V 
TmintoT_ 
100 
100 
100 
100 
±)J.VN 
lI.4V< 
+ VIN <36V 
Tmiftto T_ 
ISO 
ISO 


Load Regulation' 
Sourcing 0 < Iotrr < 10mA 
25"C 
100 
100 
100 
100 
ISO 
ISO 
",VlmA 
Tmill to Tmu; 
100 
100 
100 
100 
ISO 
ISO 
Sinlting -10 
< 'otrr <0mA 
25"C 
400 
400 
400 
400 
400 
400 


Quiescenl Currenl 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
mA 


Power Consumption 
30 
30 
30 
30 
30 
30 
mW 


Output 
Noise 
O.IHzlO 
10Hz 
4 
4 
4 
4 
4 
4 
",Vp-p 
Spectral Density) 100Hz 
100 
100 
100 
100 
100 
100 
nVIYHz 


Long-Term 
Stabili[)' 
15 
15 
15 
15 
15 
15 
ppmllOOOHr 


Sbon-Circuit 
Current-tcHJround 
45 
60 
45 
60 
45 
60 
45 
60 
45 
60 
45 
60 
mA 


Temperature 
Ra..oae 
Specified Penormancc 
0 
+70 
0 
+70 
0 
+70 
0 
+70 
-55 
+125 
-55 
+ 125 "C 


Operating 
Pcrfonnancc2 
-40 
+85 
-40 
+85 
-40 
+85 
-40 
+85 
-55 
+ 125 
-55 
+ 125 


NOTES 
IMaximumoutpUt 
volta&e drift is I\WUteed 
(or all ptlCkqesand 
p'adn. 
Cudip ptlCkqcd 
putsue 
allO 1()()"Aoproduction tested. 


~ 
operatinllemperaru.re 
ranpd 
isdefaned 
as the tempenNraextremnat 
which the: device will still functtoR. 
Pans may deviate (rom tbeirspeciflCd 
performanceouuidc 
their speciftcd tcmperat\U"e ranae:. 


Spccifo.DoIlS 
subject tocban&e without 
notice. 


SpecifKaUom 
in boIdfaot 
U'eteslcdon 
aU production 
units al finalelC'ctricaJ 
tCSt. Result from those tests aTeUKd loc:akulateoutlolna 
quality kYels. AU minand 
ow: speciflcationlue:auaruteed. 


altbouah 
only tboec: shown in boklf.ce 
are tested on aU production 
units unksl 
othcrwi.1C specified. 


ABSOLUTE 
MAXIMUM 
RATINGS· 
VIN to Ground 
Power Dissipation (25°C) 
. . . 


Storage Temperature 
Lead Temp (Soldering, 
1000c) 
Package Thermal Resistance 


0Je 
22"ClW 


0JA 
•.•••••••••••••••..•••••• 
IIO°ClW 
Output Protection: 
Output safe for indefinite short to ground or 
VIN• 


....... 
36V 
500mW 
- 65°C to + 150°C 
300°C 


CONNECTION 
DIAGRAM 
(Top View) 


AD586 
TOP VIEW 
(Not to Scale) 


*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent 
damage 
to the device. 
This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximwn rating conditions for extended 
periods 
may 
affect 
device 
reliability. 


·TP 
DENOTES 
FACTORY 
TEST 
POINT. 


NO 
CONNECTIONS 
SHOULD 
BE MADE 
TO THESE 
PINS. 


DI E S PE C IF ICATION S The following specifications are tested at th~ die lev~1for AD586JCHIPS. These die are probed at 25CC only. 
ITA= +25CC. VIM = + 15V unless othelWlSll specified) 


DIE LAYOUT 


Output Voltage 


Gain Adjustment 


Line Regulation 
10.8V < + V1N <36V 


Load Regulation 
Sourcing 0< lOUT < 10mA 
Sinking 
- 10< louT <OmA 


Quiescent Current 


Short-Circuit Current-to-Ground 


AD586JCHIPS 
Typ 
Max 


4.980 


+6 
-2 


NOTES 
IBath 
VOl:T pads should be connected 
to the output. 


Die Thickness: 
The standard 
thickness 
of Analog 
Devices 
Bipolar 
dice is 24 mils:!: 
2 mils. 


Die Dimensions: 
The dimensions 
given have a tolerance 
of ± 2 mils. 


Backing: 
The standard 
backside 
surface 
is silicon (not plated). 
Analog 
Devices 
does not recommend 
gold-backed 
dice 
for most applications. 
Edges: 
A diamond 
saw is used to separate 
wafers inw dice thus providing 
perpendicular 
edges half· way through 
the die. 


In contrast 
to scribed 
dice. 
this technique 
provides 
a more uniform 
die shape and sileo The perpendicular 
edges facilitate 
handling 
(such as tweeler 
pick.up) 
while the uniform 
shape and size simplifies 
substrate 
design 
and die attach. 


Top 
Surface: 
The standard 
top surface 
of the die is covered 
by a layer of glassivation. 
All areas are covered 
except 
bonding 
pads and scribe 
lines. 
0 


Surface 
Metalization; 
The metali7.ation 
to Analog 
Devices 
bipolar 
dice is aluminum. 
Minimum 
thickness 
is IO,OOOA. 
Bonding 
Pads: 
All bonding 
pads have a minimum 
sile of 4 mils by 4 mils. The passivation 
windows 
have 3.5 mils 
by 3.5 mils minimum. 
• 


Initial 
Temp. 
Temp. 
Package 
Modell 
Error 
Coefficient 
Range 
Option2 
mV 
ppmJ"C 
·C 


AD586JN 
20 
25 
Oto +70 
N-8 
AD586JQ 
20 
25 
Oto +70 
Q-8 
AD586JR 
20 
25 
Oto + 70 
R-8 
AD586KN 
5 
15 
Oto +70 
N-8 
AD586KQ 
5 
15 
Oto + 70 
Q-8 
AD586KR 
5 
15 
Oto + 70 
R-8 
AD586LN 
2.5 
5 
Oto +70 
N-8 
AD586MN 
2 
2 
Oto + 70 
N-8 
AD586LQ 
2.5 
5 
Oto +70 
Q-8 
AD586SQ 
10 
20 
- 55 to + 125 
Q-8 
AD586TQ 
2.5 
10 
- 55 to + 125 
Q-8 
AD586JCHIPS 
20 
25 
Oto +70 
- 


NOTES 


1 For details 
on grade 
and package 
oCerings 
screened 
in accordance 
with 
MIL-STD·883, 
refer to the Analog 
Devices 
Military 
Products 
Databook 
or current 
ADS861883B 
data sheet. 


'N = Plastic 
DIP; Q = Cerdip; 
R ~ Small Outline 
IC (SOIC). 
For outline 
information 
see Package 
Information 
section. 


an amplifier to buffer the output and several high stability thin-tilm 
resistors as shown in the block diagram in Figure I. This design 
results in a high precision monolithic SV output reference with 
initial offset of 2.SmV or less. The temperature 
compensation 
circuitry provides the device with a temperature 
coefficient of 
under S ppmf'C. 


Using the bias compensation resistor between the Zener output 
and the noninverting 
input to the amplifier, a capacitor can be 
added at the NOISE REDUCTION 
pin (Pin 8) to form a low 
pass fIlter and reduce the noise contribution 
of the Zener to the 
circuit. 


• 
GROUND 
NOTE: 
PINS " 
3 •. 7 ARE INTERNAL TEST POINTS. 


MAKE NO CONNECTIONS TO THESE POINTS. 


APPLYING THE AD586 
The ADS86 is simple to use in virtually all precision reference 
applications. When power is applied to Pin 2 and Pin 4 is grounded, 
Pin 6 provides a SV output. No external components are required; 
the degree of desired absolute accuracy is achieved simply by 
selecting the required device grade. The ADS86 requires less 
than 3mA quiescent current from an operating supply of + 12V 
or + ISV. 


An external fme trim may be desired to set the output level to 
exactly S.OOOV(calibrated to a main system reference). System 
calibration may also require a reference voltage that is slightly 
different from S.OOOV,for example, S.12V for binary applications. 
In either case, the optional trim circuit shown in Figure 2 can 
offset the output by as much as 3OOmV,if desired, with minimal 
effect on other device characteristics. 


~~11~NAlr 


REDUCTION 
I 
CAPACITOR 
I 
C 
N ..l 


1••FT 
IL 
_ 


p-p over the O.lHz to 10Hz band. NOise m a IMl"1Z DanaWlarn 
is approximately 
200••V p-p. The dominant source of this noise 
is the buried Zener which contributes approximately 
loonV/VRZ. 


In comparison, 
the op amp's contribution 
is negligible. Figure 3 
shows the O.IHz to 10Hz noise of a typical ADS86. The noise 
measurement 
is made with a bandpass fIlter made of a I-pole 
high-pass filter with a corner frequency at O.IHz and a 2-pole 
low-pass fIlter with a corner frequency at 12.6Hz to create a 
fIlter with a 9.922Hz bandwidth. 


L 
1••Vt 


Figure 3. O.1Hz to 10Hz Noise 


If further noise reduction is desired, an external capacitor may 
be added between the NOISE REDUCTION 
pin and ground as 
shown in Figure 2. This capacitor, combined with the 4kO Rs 
and the Zener resistances form a low-pass fIlter on the output of 
the Zener cell. A I••F capacitor will have a 3dB point at 12Hz, 
and it will reduce the high-frequency 
(to IMHz) noise to about 
160••V p-p. Figure 4 shows the IMHz noise of a typical ADS86 
both with and without a I••F capacitor. 


Figure 4. Effect of 
1J1F Noise Reduction 
Capacitor on 
Broadband 
Noise 


TURN-ON 
TIME 
Upon application of power (cold start), the time required for the 
output voltage to reach its fmal value within a specified error 
band is defined as the turn-on settling time. Two components 
normally associated with this are: the time for the active circuits 
to settle, and the time for the thermal gradients on the chip to 
stabilize. Figure S shows the turn-on characteristics of the ADS86. 
It shows the settling to be about 601'S"Cto 0.01%. Note the 
absence of any thermal tails when the horizontal scale is expanded 
to Ims/cm in Figure Sb. 


capacitor is used. When present, this capacitor acts as an additional 
load to the internal Zener diode's current source, resulting in a 
somewhat longer turn-on time. In the case of a 1l1F capacitor, 
the initial tum-on time is approximately 
400ms to 0.01% (see 
Figure 5c). 
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The output buffer amplifier is designed to provide the A0586 
with static and dynamic load regulation superior to less complete 
references . 


Many AID and 01A converters present transient current loads 
to the reference, and poor reference response can degrade the 
converter's 
performance. 


Figure 6 displays the characteristics of the A0586 output amplifier 
driving a 0 to 10mA load. 
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In some applications, 
a varying load may be both resistive and 
capacitive in nature, or the load may be connected to the AD586 
by a long capacitive cable. 


Figure 7 displays the output amplifier characteristics driving a 
lOOOpF, 0 to 10mA load. 


Figure 7a. Capacitive Load Transient Response Test 
Circuit 


LOAD REGULATION 
The AD586 has excellent load regulation characteristics. 
Figure 
8 shows that varying the load several mA changes the output by 
a few !LV. The AD586 has somewhat better load regulation 
performance 
sourcing current than sinking current. 


TEMPERATURE 
PERFORMANCE 
The AD586 is designed for precision reference applications 
where temperature 
performance 
is critical. Extensive temperature 
testing ensures that the device's high level of performance 
is 
maintained 
over the operating temperature 
range. 


Some confusion exists in the area of deftning and specifying 
reference voltage error over temperature. 
Historically, 
references 
have been characterized 
using a maximum deviation per degree 
Centrigrade; 
i.e., ppml"C. However, because of nonlinearities 
in 
temperature 
characteristics 
which originated in standard Zener 
references (such as US" type characteristics), 
most manufacturers 
have begun to use a maximum limit error band approach to 
specify devices. This technique involves the measurement 
of the 
output at three or more different temperatures 
to specify an 
output voltage error band. 


Figure 9 shows the typical output voltage drift for the AD586L 
and illustrates the test methodology. 
The box in Figure 9 is 
bounded on the sides by the operating temperature 
extremes, 
and on the top and the bottom by the maximum and minimum 
output voltages measured over the operating temperature 
range. 


The slope of the diagonal drawn from the lower left to the upper 
right comer of the box determines the performance 
grade of the 
device. 
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Each AD586JQ, 
KQ and LQ grade unit is tested at 0, +25°C 
and + 70°C. Each AD586SQ and TQ grade unit is tested at 
- 55°C, + 25°C and + 125°C. This approach ensures that the 
variations of output voltage that occur as the temperature 
changes 
within the specifted range will be contained within a box whose 
diagonal has a slope equal to the maximum specifted drift. The 
position of the box on the vertical scale will change from device 
to device as initial error and the shape of the curve vary. The 
maximum height of the box for the appropriate 
temperature 


.range and device grade is shown in Figure 10. Duplication 
of 
these results requires a combination of high accuracy and stable 
temperature 
control in a test system. Evaluation of the AD586 
will produce a curve similar to that in Figure 9, but output 
readings may vary depending on the test methods and equipment 
utilized. 


DEVICE 
MAXIMUM 
OUTPUT CHANGE 
GRADE 
(mVI 


OTO +70"C 
-55"CTO 
+ 125"C 


AD586J 
8.75 
AD586K 
5.25 
AD586L 
1.75 
AD586M 
0.70 
AD586S 
18.00 
AD586T 
9.00 


Applying the AD586 


NEGATIVE 
REFERENCE 
VOLTAGE 
FROM AN ADS86 
The ADS86 can be used to provide a precision - 5.000V output 
as shown in Figure 11. The VIN pin is tied to at least a +6V 
supply, the output pin is grounded, 
and the AD586 ground pin 
is connected through a resistor, Rs, to a -15V 
supply. The 
- 5V output is now taken from the ground pin (pin 4) ins~ead 
of Your. 
It is essential to arrange the output load and the ~upply 
resistor Rs so that the net current through the AD586 is between 
2.5mA and IO.OmA. The temperature 
characteristics 
and long- 
term stability of the device will be essentially the same as that of 
a unit used in the standard 
+ 5V output configuration. 


USING 
THE ADS86 WITH 
CONVERTERS 
The AD586 is an ideal reference for a wide variety of 8-, 12-, 
14- and 16-bit AID and D/A converters. 
Several representative 


examples follow. 


SV REFERENCE 
WITH 
MULTIPLYING 
CMOS D/A OR 
AID CONVERTERS 
The AD586 is ideal for applications with 10-and 12-bit multiplying 
CMOS D/A converters. 
In the standard hookup, as shown in 
Figure 12, the AD586 is paired with the AD7545 12-bit multiplying 
DAC and the AD711 high-speed BiFET Op Amp. The amplifier 
DAC configuration 
produces a unipolar 0 to - 5V output range. 


Bipolar output applications and other operating details can be 
found on the individual product data sheets. 


The AD586 can also be used as a precision reference for multiple 
DACs. Figure 13 shows the AD586, the AD7628 dual DAC and 
the AD712 dual op amp hooked up for single supply operation 


to produce 0 to - 5V outputs. 
Because both DACs are on the 
same die and share a common reference and output op amps, 
the DAC outputs will exhibit similar gain TCs. 


Figure 
73. AD586 as a 5V Reference for a CMOS Dual 
DAC 


STACKED 
PRECISION 
REFERENCES 
FOR MULTIPLE 
VOLTAGES 
Often, a design requires several reference voltages. Three AD586s 
can be stacked, as shown in Figure 14, to produce 
+ 5.000V, 


+ IO.OOOV,and + 15.000Voutputs. 
This scheme can be extended 
to any number of AD586s as long as the maximum load current 
is not exceeded. This design provides the additional advantage 
of improved line regulation on the + 5.0V output. Changes in 
VIN of + 18V to + 50V produces an output change that is below 
the noise level of the references. 
• 


Figure 
74. Multiple 
AD586s Stacked for Precision 5V, 70V 
and 75V Outputs 


PRECISION 
CURRENT 
SOURCE 
The design of the AD586 allows it to be easily configured as a 
current source. By choosing the control resistor Rc in Figure 
IS, you can vary the load current from the quiescent current 
(2mA typically) to approximately 
10rnA. The compliance voltage 
of this circuit varies from about + 5V to + 21V depending upon 
the value of VIN' 


PRECISION 
HIGH CURRENT 
SUPPLY 
For higher currents, 
the AD586 can easily be connected to a 
power PNP or power Darlington 
PNP device. The circuit in 
Figure 16 can deliver up to 4 amps to the load. The O.I",F 
capacitor is required only if the load has a significant capacitive 
component. If the load is purely resistive, improved high-frequency 
supply rejection results can be obtained by removing the 
capacitor. 
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AD587 


FEATURES 
Laser Trimmed to High Accuracy: 
10.000V ±5mV /L and U Grades) 
Trimmed Temperature Coefficient: 
5ppmrC max, /L and U Grades) 
Noise Reduction Capability 
Low Quiescent Current: 4mA max 
Output Trim Capability 
MIL-STD-883 Compliant Versions Available 


PRODUCT DESCRIPTION 
The AD587 represents a major advance in the state-of-the-art 
in 
monolithic voltage references. Using a proprietary 
ion-implanted 


buried Zener diode and laser wafer trimming of high stability 
thin-film resistors, the AD587 provides outstanding 
performance 


at low cost. 


The AD587 offers much higher performance 
than most other 
10V references. Because the AD587 uses an industry standard 
pinout, many systems can be upgraded instantly with the AD587. 
The buried Zener approach to reference design provides lower 
noise and drift than band-gap voltage references. The AD587 
offers a noise reduction pin which can be used to further reduce 
the noise level generated by the buried Zener. 


The AD587 is recommended 
for use as a reference for 8-, 10-, 
12-, 14- or 16-bit D/A converters which require an external 
precision reference. The device is also ideal for successive ap- 
proximation or integrating 
AID converters with up to 14 bits of 
accuracy and, in general, can offer better performance than the 
standard on-chip references. 


The AD587J, K and L are specified for operation from 0 to 
+ 70°C, and the AD587S, T and U are specified for - 55°e to 
+ 125°C operation. All grades are available in 8-pin cerdip. The 
J and K versions are also available in an 8-pin Small Outline Ie 
(SOIC) package for surface mount applications, while the J, K 
and L grades also come in an 8-pin plastic package. 
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GROUND 


NOTE: 
PINS 
1, 3 & 7 ARE INTERNAL 
TEST 
POINTS. 


NO CONNECTIONS 
TO THESE 
POINTS. • 
PRODUCT HIGHLIGHTS 
1. Laser trimming of both initial accuracy and temperature 
coefficients results in very low errors over temperature 
without 
the use of external components. 
The AD587L has a maximum 
deviation from IO.OOOVof ±8.5mV 
between 0 and +70oe, 


and the AD587U guarantees 
± 14mV maximum total error 
between - 55°e and + 125°e. 


2. For applications requiring higher precision, an optional fine- 
trim connection is provided. 


3. Any system using an industry standard pinout 10 volt reference 
can be upgraded instantly with the AD587. 


4. Output noise of the AD587 is very low, typically 4fJoV pop. A 
noise reduction pin is provided for additional noise fJ.Itering 
using an external capacitor. 


5. The AD587 is available in versions compliant with MIL-STD- 
883. Refer to the Analog Devices Military Products Databook 
or current AD587/883B data sheet for detailed specifications. 


Output Voltage 
9.990 
10.010 
9.995 
10.005 
9.995 
10.005 
V 


Output Voltage Drift I 
Oto + 70°C 
20 
10 
5 
ppmfC 
- 55°C to + 125°C 
20 
10 
5 


Gain Adjustment 
+3 
+3 
+3 
% 
-1 
-1 
-1 


Line Regulation I 
l3.5V.;;; + VIN .;;;36V 


T"';ntoTmax 
100 
100 
100 
±fLVN 


Load Regulation I 
Sourcing 0 < lOUT < 10mA 
T"';ntoTmax 
100 
100 
100 
±fLV/mA 
Sinking - 10 < lOUT <OmA 2 


T.,,;ntoTmax 
100 
100 
100 


Quiescent Current 
2 
4 
2 
4 
2 
4 
mA 


Power Dissipation 
30 
30 
30 
mW 


Output Noise 
O.IHzto 10Hz 
4 
4 
4 
fLVp-P 
Spectral Density, 100Hz 
100 
100 
100 
nV/v1Iz 


Long-Term Stability 
15 
IS 
IS 
±ppm/lOOOHr 


Short-Circuit Current-to-Ground 
30 
50 
30 
50 
30 
50 
mA 


Short -Circuit Current -to-VIN 
30 
50 
30 
50 
30 
50 
mA 


Temperature 
Range 
Specified Performance (J, K, L) 
0 
+70 
0 
+70 
0 
+70 
°C 
Operating Performance (J, K, L)3 
-40 
+85 
-40 
+85 
-40 
+85 
SpecifiedPerformance(S, 
T, V) 
-55 
+ 125 
-55 
+ 125 
-55 
+ 125 
Operating Performance (S, T, vi 
-55 
+ 125 
-55 
+ 125 
-55 
+ 125 


NOTES 


ISpec is guaranteed for all packages and grades. Cerdip packaged parts are 100% production tested. 
'Load Regulation (Sinking) specification for SOIC(R) package is ± 200fl. VirnA. 
3The operating temperature ranged is defined. as the temperatures extremes at which the device will still function. 
Parts may deviate from their specified performance outside their specified temperature range. 
Specifications 
subject to change without notice. 


Specifications 
in boldface are tested on all production units at final electrical test. Result from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


Initial 
Temp. 
Temp. 
Error 
Coefficient 
Range 
Package 
Modell 
mV 
ppmfC 
°C 
Options2 


AD587JQ 
10 
20 
Oto +70 
Q-8 
AD587JR 
10 
20 
Oto +70 
R-8 
AD587JN 
10 
20 
Oto +70 
N-8 
AD587KQ 
5 
10 
Oto + 70 
Q-8 
AD587KR 
5 
10 
Oto +70 
R-8 
AD587KN 
5 
10 
Oto +70 
N-8 
AD587LQ 
5 
5 
Oto +70 
Q-8 
AD587LN 
5 
5 
Oto + 70 
N-8 
AD587SQ 
10 
20 
- 55to + 125 
Q-8 
AD587TQ 
10 
10 
- 55to + 125 
Q-8 
AD587VQ 
5 
5 
- 55 to + 125 
Q-8 
AD587JCHIPS 
10 
20 
Oto +70 
- 


NOTES 
IPor details on grade and package offerings 
screened 
in accordance 
with MIL-STD-883, 
refer to the Analog Devices Military Products Databook or current ADS87/883B 
data sheet. 
'N 
= Plastic DIP; Q ~ Cerdip; R ~ SOIC. For outline information see Package 
Information 
section. 


ABSOLUTE 
MAXIMUM 
RATINGS· 
VIN to Ground 
Power Dissipation (2S°C) 
. . . 


Storage Temperature 
Lead Temp (Soldering, 
!Osec) 


Package Thermal Resistance 
0Je 
22°C/W 


OJA 
•..•...........•......... 
lWOc/w 
Output Protection: 
Output safe for indefinite short to ground and 
momentary short to VIN. 


....... 
36V 
SOOmW 
- 6SoC to + ISO°C 
300°C 


·Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to 
the 
device. 
This 
is a stress 
rating 
only 
and 
functional 
operation 
of 
the 
device 
at 
these 
or 
any 
other 
conditions 
above 
those 
indicated 
in the 
operational 
sections 
of this 
specification 
is 
nOI 
implied. Exposure 
[0 absolute maximum rating conditions for extended 
periods 
may affect device 
reliability. 


TP* 
NOISE 
REDUCTION 


+V1N 
AD587 
TP* 


TOP VIEW 
TP* 
(Not 
to Scale) 
VOUT 


GND 
TRIM 


DI E SPEC IFI CATIONS 
The following specifications are tested at ~e die le.velfor AD587JCHIPS. These die are probed at 250C only. 
(TA= + 25°, VIN = + 15V unless othelWlse specified) 


AD587JCHIPS 
Parameter 
Min 
Typ 
Max 
Units 


Output 
Voltage 
9.990 
10.010 
V 


Gain Adjustment 
-1 
3 
% 


Line 
Regulation 


13.5V < + V'N <36V 
100 
±IJ.VIV 


Load 
Regulation 
Sourcing 
0< 10m < lOmA 
100 
IJ.V/mA 
Sinking 
- 
1O<loUT 
<OmA 
100 
IJ.V/mA 


Quiescent Current 
2 
4 
mA 


Short-Circuit Current-la-Ground 
50 
mA 


Short-Circuit 
Current-to- 
VOlJT 
50 
mA 
• 


NOTES 
IBoth 
VOUT pads 
should 
be connected 
to the output. 


2Sense and force 
grounds 
must 
be tied together. 
Die Thickne.s: 
The 
standard 
thickness 
of Analog 
Devices 
Bipolar 
dice is 24 mils 
± 2 mils. 


Die DimeD.iool: 
The 
dimensions 
given 
have 
a tolerance 
of ±2 mils. 
Backiq: 
The 
standard 
backside 
surface 
is silicon 
(nol 
plated). 
Analog 
Devices 
does 
not recommend 
gold·backed 
dice 
for most 
applications. 


Edlel: 
A diamond 
saw is used 
to separate: 
wafers 
into dice thus 
providing 
perpendicular 
edges 
half-way 
through 
the die. 


In CODtrast 
(0 scribed 
dice, 
this technique 
provides 
a mere 
uniform 
die shape: and 
size. 
The 
perpendicular 
edges 
facilitate 
handling 
(such 
as tweezer 
pick-up) 
while 
the uniform 
shape 
and size simplifies 
substrate 
design 
and die attach. 


Top 
Surface: 
The 
standard 
top surface 
of the die is covered 
by a layer 
of glassivation. 
All areas 
are covered 
except 
bonding 
pads 
and 
scribe 
lines. 


Surface 
Metaliz.atioD: 
The 
metalization 
to Analog 
Devices 
bipolar 
dice isaluminum. 
Minimum 
thickness 
is IO,OOOA. 


BondiDl 
Pads: 
AU bonding 
pads 
have 
a minimum 
size of 4 mils by4 
mils. 
The 
passivation 
windows 
have 
3.5 mils 
by 3.5 mils minimum. 


THEORY 
OF OPERATION 
The ADS87 consists of a proprietary buried Zener diode reference, 
an amplifier to buffer the output and several high stability thin-film 
resistors as shown in the block diagram in Figure I. This design 
results in a high precision monolithic 
10V output reference with 
initial offset of SmV or less. The temperature 
compensation 
circuitry provides the device with a temperature 
coefficient of 
under Sppmf'C. 


NOISE 
+ V1N 
REDUCTION 


8 


4 


GROUND 


NOTE: 
PINS 1, 3 It 7 ARE INTERNAL 
TEST POINTS. 
NO CONNECTIONS 
TO THESE 
POINTS. 


A capacitor can be added at the NOISE REDUCTION 
pin (Pin 
8) to form a low pass filter with Rs to reduce the noise contribution 
of the Zener to the circuit. 


APPLYING 
THE AD587 
The ADS87 is simple to use in virtually all precision reference 
applications. 
When power is applied to Pin 2, and Pin 4 is 
grounded, 
Pin 6 provides a 10V output. 
No external components 
are required; 
the degree of desired absolute accuracy is achieved 
simply by selecting the required device grade. The ADS87 
requires less than 4mA quiescent current from an operating 
supply of + ISV. 


Fine trimming 
may be desired to set the output level to exactly 
1O.000V(calibrated to a main system reference). System calibration 
may also require a reference voltage that is slightly different 
from 10.OOOV,for example, 
10.24V for binary applications. 
In 
either case, the optional trim circuit shown in Figure 2 can 
offset the output by as much as 300mV, if desired, with minimal 
effect on other device characteristics. 
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REDUCTION 
I 
CAPACITOR 
I 
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NOISE 
PERFORMANCE 
AND REDUCTION 
The 
noise generated 
by the ADS87 is typically less than 
4fLVp-povertheO.IHz 
to 10Hz band. Noise ina IMHzbandwidth 
is approximately 
200fLV Pop. The dominant 
source of this noise 
is the buried Zener which contributes 
approximately 
lOOnV/VHZ. 
In comparison, 
the op amp's contribution 
is negligible. Figure 3 
shows the 0.1 Hz to 10Hz noise of a typical ADS87. The noise 
measurement 
is made with a bandpass filter made of a I-pole 
high-pass filter with a corner frequency at O.IHz and a 2-pole 
low-pass filter with a corner frequency at 12.6Hz to create a 
filter with a 9.922Hz bandwidth. 


If further noise reduction 
is desired, an external capacitor may 


be added between the NOISE REDUCTION 
pin and ground as 
shown in Figure 2. This capacitor, 
combined with the 4kO Rs 
and the Zener resistances, 
form a low-pass filter on the output 
of the Zener cell. A IfLF capacitor will have a 3dB point at 
40Hz, and it will reduce the high-frequency 
(to IMHz) noise to 
about 160fLVPop. Figure 4 shows the IMHz noise of a typical 
ADS87 both with and without a IfLF capacitor. 
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Figure 4. Effect of 1J.LFNoise Reduction Capacitor on 
Broadband Noise 


TURN·ON 
TIME 
Upon application of power (cold start), the time required for the 
output voltage to reach its final value within a specified error 
band is defined as the turn-on settling time. Two components 
normally associated with this are: the time for the active circuits 
to senle, 
and the time (or the thermal gradients on the chip 
\.0 
stabilize. Figure S shows the turn-on characteristics of the ADS87. 
It shows the settling to be about 60fLSto 0.01%. Note the absence 
of any thermal tails when the horizontal scale is expanded to 
Ims/em in Figure Sb. 


Circuit Operation - AD587 


Output turn-on time is modified when an external noise reduction 
capacitor is used. When present, this capacitor acts as an additional 
load to the internal Zener diode's current source, resulting in a 
somewhat longer turn-on time. In the case of a 1flF capacitor, 
the initial turn-on time is approximately 
400ms to 0.01% (see 
Figure Sc). 
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DYNAMIC 
PERFORMANCE 
The output buffer amplifier is designed to provide the ADS87 
with static and dynamic load regulation superior to less complete 
references. 


Many AID and D/A converters 
present transient current loads 


to the reference, and poor reference response can degrade the 
converter's 
performance. 


Figure 6 displays the characteristics of the ADS87 output amplifier 
driving a 0 to 10mA load. 


• 


_.. ------ -rr----- 
capacitive in nature, or the load may be connected to the AD587 
by a long capacitive cable. 


Figure 7 displays the output amplifier characteristics 
driving a 
lOOOpF, 0 to IOmA load. 


Figure 
la. 
Capacitive 
Load 
Transient 
Response 
Test 
Circuit 


LOAD REGULATION 
The AD587 has excellent load regulation characteristics. 
Figure 
8 shows that varying the load several mA changes the output by 
only a few IJ.V. 


500 
+2 
+4 
+6 
+8 
+10 
lOAD (mAl 


TEMPERATURE PERFORMANCE 
The AD587 is designed for precision reference applications 
where temperature 
performance 
is critical. Extensive temperature 
testing ensures that the device's high level of performance 
is 


maintained 
over the operating temperature 
range. 


reference voltage error over temperature. 
HistorICally, reterences 


have been characterized 
using a maximum deviation per degree 


Centrigrade; 
i.e., ppmrC. 
However, because of nonlinearities 
in 
temperature 
characteristics 
which originated in standard Zener 
references (such as "S" type characteristics), 
most manufacturers 


have begun to use a maximum limit error band approach to 
specify devices. This technique 
involves the measurement 
of the 


output at 3 or more different temperatures 
to specify an output 
voltage error band. 


Figure 9 shows the typical output voltage drift for the AD587L 
and illustrates the test methodology. 
The box in Figure 9 is 


bounded on the sides by the operating temperature 
extremes, 


and on the top and the bOllom by the maximum and minimum 
output voltages measured over the operating temperature 
range. 


The slope of the diagonal drawn from the lower left to the upper 
right corner of the box determines 
the performance 
grade of the 


device. 
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Each AD587J, K, L grade unit is tested at 0, +25°C and +70°C. 
Each AD587S, T, and U grade unit is tested at - 55°C, + 25°C 
and + 125°C. This approach ensures that the variations of output 
voltage that occur as the temperature 
changes within the specified 
range will be contained within a box whose diagonal has a slope 
equal to the maximum specified drift. The position of the box 
on the vertical scale will change from device to device as initial 
error and the shape of the curve vary. The maximum height of 
the box for the appropriate 
temperature 
range and device grade 
is shown in Figure 10. Duplication 
of these results requires a 


combination 
of high accuracy and stable temperature 
control in 
a test system. Evaluation of the AD587 will produce a curve 
similar to that in Figure 9, but output readings may vary depending 
on the test methods and equipment 
utilized. 


DEVICE 


GRADE 


AD587J 


AD587K 


AD587L 


AD587S 


AD587T 


A0587U 


MAXIMUM 
OUTPUT 
CHANGE 
- mY 
o TO +70°C 
-55°C 
TO + 125°C 


14.00 


7.00 


3.50 


NEGATIVE 
REFERENCE 
VOLTAGE 
FROM 
AN AD587 
The AD587 can be used to provide a precision 
- 1O.000V outpUl 
as shown in Figure II. The V1N pin is tied to at least a + 3.5V 
supply, the OUlput pin is grounded, 
and the AD587 ground pin 
is connected through a resistor, Rs, to a -15V 
supply. The 
- IOV OUlput is now taken from the ground pin (Pin 4) instead 
of VOlJT. Ir is essential to arrange the OUlput load and the supply 
resistor Rs so that the net current through the AD587 is between 
2.5mA and 1O.0mA. The temperalUre characteristics 
and long- 
term stability of the device will be essentially the same as that of 
a unit used in the standard 
+ IOV output configuration. 


,nF* 


USING 
THE AD587 WITH 
CONVERTERS 
The AD587 is an ideal reference for a wide variety of 8-, 12-, 
14- and 16-bit AID and D/A converters. 
Several representative 
examples follow. 


lOV REFERENCE 
WITH 
MULTIPLYING 
CMOS D/A OR 
AID CONVERTERS 
The AD587 is ideal for applications with 10-and 12-bit multiplying 
CMOS D/A converters. 
In the standard hookup, as shown in 
Figure 12, the AD587 is paired with the AD7545 12-bit multiplying 
DAC and the AD711 high-speed BiFET Op Amp. The amplifier 
DAC configuration 
produces a unipolar 0 to - IOV output 
range. Bipolar output applications and other operating details 
can be found on the individual product data sheets. 


The AD587 can also be used as a precision reference for multiple 
DACs. Figure 13 shows the AD587, the AD7628 dual DAC and 
the AD712 dual op amp hooked up for single supply operation 
to produce 0 to - IOV outputs. 
Because both DACs are on the 
same die and share a common reference and output op amps; 
the DAC outputs will exhibit similar gain TCs. 


Figure 
13. AD587 
as a 10V Reference 
for 
a CMOS 
Dual 
DAC 


PRECISION 
CURRENT 
SOURCE 
The design of the AD587 allows it to be easily configured as a 
current 
source. By choosing the control resistor Rc in Figure 
14, you can vary the load current 
from the quiescent current 


(2mA typically) to approximately 
IOmA. 
• 


PRECISION HIGH CURRENT 
SUPPLY 
For higher currents, 
the ADS87 can easily be connected to a 
power PNP or power Darlington 
PNP device. The circuit in 
Figure IS can deliver up to 4 amps to the load. The 0.1 f.LF 
r---- -, 
I 
I 
I 
I 2N028. 
I 
I 
I 
I 
L 
.J 


capacitor is required only if the load has a significant capacitive 
component. 
If the load is purely resistive, improved high. frequency 
supply rejection results can be obtained by removing the 
capacitor. 
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FEATURES 
Low Drift - 1.5ppmrC 
Low Initial Error - 1mV 
Pin-Programmable 
Output 
+10V, 
+5V, 
±5V Tracking, 
-5V, 
-10V 
Flexible 
Output 
Force and Sense 
Terminals 
High Impedance 
Ground 
Sense 
Machine-Insertable 
DIP Packaging 
MIL-STD-883 Compliant 
Versions 
Available 


PRODUCT 
DESCRIPTION 
The AD588 represents a major advance in the state-of-the-an 
in 
monolithic voltage references. Low initial error and low temper- 
ature drift give the AD588 absolute accuracy performance previ- 
ously not available in monolithic form. The AD588 uses a prop- 
rietary ion-implanted 
buried Zener diode, and laser-wafer-drift- 
trimming of high stability thin-film resistors to provide outstanding 
performance at low cost. 


The AD588 includes the basic reference cell and three additional 
amplifiers which provide pin-programmable 
output ranges. The 
amplifiers are laser-trimmed 
for low offset and low drift to 
maintain the accuracy of the reference. The amplifiers are confi- 
gured to allow Kelvin connections to the load and/or boosters 
for driving long lines or high-current 
loads, delivering the full 
accuracy of the AD588 where it is required in the application 
circuit. 


The low initial error allows the AD588 to be used as a system 
reference in precision measurement 
applications requiring 
l2-bit 
absolute accuracy. In such systems, the AD588 can provide a 
known voltage for system calibration in software and the low 
drift allows compensation 
for the drift of other components in a 
system. Manual system calibration and the cost of periodic 
recalibration can therefore be eliminated. 
Furthermore, 
the 
mechanical instability of a trimming potentiometer 
and the 
potential for improper calibration can be eliminated by using 
the AD588 in conjunction autocalibration 
software. 


The AD588 is available in seven versions. The AD588 JQ and 
KQ grades are packaged in a 16-pin cerdip and are specified for 
o to + 70°C operation. 
AD588AD and BD grades are packaged 
in a 16-pin side-brazed ceramic DIP and are specified for the 


High Precision Voltage Reference 


AD588* 
I 


NOISE 
REDUCTION 


7 


A3 OUT 
SENSE 


3 


• 
GND 
SENSE 
+IN 
,. 


GND 
SENSE 
-IN 
• 


- 25°C to + 85°C industrial temperature 
range. The ceramic 
AD588SD and TD grades are specified for the full military/aeros- 
pace temperature 
range. For military surface mount applications. 


the AD588SE and TE grades will also be available in 2O-pin 
Lee 
packages. 


PRODUCT 
IDGHLIGHTS 
1. The AD588 offers 12-bit absolute accuracy without any user 
adjustments. 
Optional fme-trim connections are provided for 


applications requiring higher precision. The fme-trimming 
does not alter the operating conditions of the Zener or the 
buffer amplifiers and thus does not increase the temperature 
drift. 


2. Output noise of the AD588 is very low - typically 61'0V pop. 


A pin is provided for additional noise filtering using an external 
capacitor. 


3. A precision 
± 5V tracking mode with Kelvin output connec- 
tions is available with no external components. 
Tracking 
error is less than one millivolt and a fme-trim is available for 
applications requiring exact symmetry between the + 5V and 
- 5V outputs. 


4. Pin strapping capability allows configuration of a wide variety 
of outputs: 
± 5V, + 5V & + 10V, - 5V & -lOV 
dual outputs 
or + 5V, - 5V, + 10V, -lOV 
single outputs. 


5. Extensive temperature 
testing at - 55°C, - 25°C, 0, + 25°C, 


+ 50°C, + 70°C, + 85°C and + 125°C ensures that the specified 
temperature 
coefficient is truly representative 
of device 
performance. 


AD588-SPECIFICATIONS 
(typical @ +25°C. 
+10Voutput. 
Vs = ±15Vunless 
otherwise 
notedl) 


AD588SD 
AD588JQIADrrD 
AD588KQIBD 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


OUTPUT VOLTAGE ERROR 
+ IOV, - IOVOutputs 
-5 
+5 
-3 
+3 
-1 
+1 
mV 
+ 5V, - 5VOutputs 
-5 
+5 
-3 
+3 
-1 
+1 
mV 


± 5VTRACKING MODE 
Symmetry Error 
-1.5 
+1.5 
-1.5 
+ 1.5 
-0.75 
+0.75 
mV 


OUTPUT VOLTAGE DRIFT 
Oto +70°C(J,K,B) 
-3 
±2 
+3 
-1.5 
+1.5 
ppml"C 


- 25°Cto + 85°C(A, B) 
-3 
+3 
-3 
+3 
ppml"C 
-55°Cto 
+ 125°C(S, T) 
-6 
+6 
-4 
+4 
ppml"C 


GAIN ADJ ANDBALADJ2 


Trim Range 
±4 
±4 
±4 
mV 


Input Resistance 
,. 
ISO 
150 
ISO 
kfl 


LINE REGULA nON 
T min toTmax 3 
±200 
±2oo 
±200 
IJ.VIV 


LOAD REGULATION 


Tmin to Tmax 
+ 10VOutput, O<loUT< 10mA 
±50 
±50 
±50 
IJ.V/mA 
-IOV Output, - 1O<loUT<OmA 
±50 
±50 
±50 
IJ.V/mA 


SUPPLY CURRENT 
Tmin toTmax 
6 
10 
6 
10 
6 
10 
mA 


Power Dissipation 
180 
300 
180 
300 
180 
300 
mW 


OUTPUT NOISE (Any Output) 


0.1 to 10Hz 
6 
6 
6 
IJ.Vp-p 


Spectral Density, 100Hz 
100 
100 
100 
nV/YHZ 


LONG-TERM STABILITY «fie + 25°C) 
IS 
IS 
IS 
ppmllOoohr 


BUFFER AMPLIFIERS 
Offset Voltage 
100 
100 
100 
IJ.V 
Offset Voltage Drift 
I 
I 
I 
IJ.vrc 


BiasCurrent 
20 
20 
20 
nA 


Open Loop Gain 
110 
110 
110 
dB 
Output Current A3, A4 
-10 
+10 
-10 
+10 
-10 
+10 
mA 


Common Mode Rejection (A3, A4) 
VCM= IVp-p 
100 
100 
100 
dB 
Short-Circuit Current 
50 
50 
50 
mA 


TEMPERATURE RANGE 
Specified Performance 
J, KGrades 
0 
+70 
0 
+70 
°c 
A,BGrades 
-25 
+85 
-25 
+85 
°c 
S, TGrades 
-55 
+ 125 
-55 
+ 125 
°c 


NOTES 
IOutput 
Configuration 


+ lOV 
Figure 2a 
- IOV 
Figure2c 
+SV. -SV. ±5V 
Figure2b 
Specifications 
tested using + IOV configuration 
unlessotherwiseindicated. 
2Gain and balance adjustments 
guaranteed 
capable of trimming 
output 
voltage 
error and symmetry 
error 
[0 zero. 


YrestConditions: 
+ IOVOu,pu, 
- Vs~ -15V, l3.5V" + Vs"18V 


-IOVOu,pu' 
-18V,,-Vs"-l3.5V, 
+Vs~15V 
±5VOu'put 
+Vs~+18V,-Vs~-18V 
+ Vs~ + 1O.8V,- Vs~ -IO.8V 


Specifications 
subject 
to change without 
notice. 


Specifications 
shown 
in boldface 
are tested 
on all production 
units 
at fmal 


electrical 
test. 
Results 
from those 
tests are used 
to calculate 
outgoing 
quality 


levels. 
AU min and max specifications 
are guaranteed, 
although 
only those 
shown 
in boldface 
are tested 
on all production 
units. 


Part 
Initial 
Temperature 
Temperature 
Package 
Number' 
Error 
Coefficient 
RangeOC 
Option' 
AD588AO 
3mV 
3ppmf'C 
-25to+85 
Ceramic(0-16) 


AD588BO 
ImV 
1.5ppmf'C 
-25'0 
+853 
Ceramic(0-16) 


A0588S0 
5mV 
6ppmf'C 
-55'0+125 
Ceramic(0-16) 


A0588TO 
3mV 
4ppmf'C 
-55to +125 
Ceramic(0-16) 


AD588JQ 
3mV 
3ppmf'C 
Oto +70 
Cerdip(Q-16) 


AD588KQ 
ImV 
I.Sppmf'C 
Oto + 70 
Cerdip(Q-16) 


NOTES 
IFor details on grade and package offerings screened in accordance with MIL-STD-883, 
refer to the Analog Devices Military Products Databook or current ADS881883B 
datasheeL 
2For oudine information see Package Information section. 
3Temperarore coefficient specified from 0 to + 70"C. 


Applying the AD588 


ABSOLUTE MAXIMUM RATINGS· 
+ Vs to - Vs 
. . . . . . . . . . . . . . . . . . . . . . . 
36V 


Power Dissipation ( + 25°C) 
D Package 
. 


Storage Temperature 
Lead Temperature 
(Soldering, 
IOsec) 


Package Thermal Resistance 
D (alA/aIel 
90/25°CIW 
Output Protection: All outputs safe if shorted to ground 


600mW 
-65°C 
to + 150°C 
300°C 


·Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 


cause 
permanent 
damage 
to the 
device. 
This 
is a 
stre:iS 
rating 
only 
and 


functional 
operation 
of the 
device 
at these 
or any other 
conditions 
above 


those 
indicated 
in 
the 
operati9nal 
sections 
of 
this 
specification 
is 
not 
implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for 
extended 
periods may affect device reliability. 
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THEORY OF OPERATION 
The AD588 consists of a buried Zener diode reference, amplifiers 
used to provide pin programmable 
output ranges, and associated 
thin-film resistors as shown in the block diagram of Figure I. 
The temperature 
compensation circuitry provides the device 
with a temperature 
coefficient of 1.5ppm/oC or less. 


9 


GND 
SENSE 
+IN 
• 
Amplifier Al performs several functions. Al primarily acts to 
amplify the Zener voltage from 6.5V to the required IOV output. 
In addition, Al also provides for external adjustment of the IOV 
output through pin 5, the GAIN ADJUST. 
Using the bias 
compensation resistor between the Zener output and the non-in- 
verting input to AI, a capacitor can be added at the NOISE 
REDUCTION 
pin (pin 7) to form a low pass filter and reduce 
the noise contribution 
of the Zener to the circuit. Two matched 
IOkO nominal thin film resistors (R4 & R5) divide the IOV 
output in half. Pin Vcr (pin 11) provides access to the center of 
the voltage span and pin 12 (BALANCE ADJUST) can be used 
for fine adjustment of this division. 


Ground sensing for the circuit is provided by amplifier A2. The 
noninverting input (pin 9) senses the system ground which will 
be transferred 
to the point on the circuit where the inverting 
input (pin 10) is connected. This may be pin 6, 8 or II. The 
output of A2 drives pin 8 to the appropriate 
voltage. Thus, if 
pin 10 is connected to pin 8, the VLOW pin will be the same 
voltage as the system ground. Alternatively, if pin 10 is connected 
to the Vcr pin, it will be ground and pin 6 and pin 8 will be 
+ 5V and - 5V respectively. 


Amplifiers A3 and A4 are internally compensated and are used 
to buffer the voltages at pins 6, 8 and II as well as to provide a 
full Kelvin output. Thus, the AD588 has a full Kelvin capability 
by providing the means to sense a system ground and provide 
forced and sensed outputs referenced to that ground. 


i\YYLYINu 
Inn 
1\.U;'OO 
The AD588 can be configured to provide + IOV and -IOV 
reference outputs as shown in Figures 2a and 2c respectively. It 
can also be used to provide + 5V, - 5V or a ± 5V tracking 
reference as shown in Figure 2b. Table I details the appropriate 
pin connections for each output range. In each case, pin 9 is 
connected to system ground and power is applied to pins 2 
and 16. 


The architecture 
of the AD588 provides ground sense and un- 
committed output buffer amplifiers which offer the user a great 
deal of functional flexibility. The AD588 is specified and tested 
in the configurations 
shown in Figure 2. The user may choose 
to take advantage of the many other configuration options available 
with the AD588. However, performance in these configurations 
is not guaranteed to meet the extremely stringent data sheet 
specifications. 


As indicated in Table I, a + 5V buffered output can be provided 
using amplifier A4 in the + lOV configuration (Figure 2a). A 
- 5V buffered output can be provided using amplifier A3 in the 
- lOV configuration (Figure 2c). Specifications are not guaranteed 
for the + 5V or - 5V outputs in these configurations. Performance 
will be similar to that specified for the + lOV or - IOV outputs. 


As indicated in Table I, unbuffered outputs are available at pins 
6, 8 and II. Loading of these unbuffered outputs will impair 
circuit performance. 


Amplifiers A3 and A4 can be used interchangeably. 
However, 
the AD588 is tested (and the specifications are guaranteed) with 
the amplifiers connected as indicated in Figure 2 and Table I. 
When either A3 or A4 is unused, its output force and sense pins 
should be connected and the input tied to ground. 


Two outputs of the same voltage may be obtained by connecting 
both A3 and A4 to the appropriate 
unbuffered output on pin 6, 
8 or II. Performance in these dual output configurations will 
typically meet data sheet specifications. 


•..•n.L.lDAn.l. 
.IV.L, 
Generally, the AD588 will meet the requirements 
of a precision 
system without additional adjustment. 
Initial output voltage 
error of ImV and output noise specs of lOfLVPOpallow for 
accuracies of 12-16 bits. However, in applications where an even 
greater level of accuracy is required, 
additional calibration may 
be called for. Provision for trimming has been made through 
the use of the GAIN ADJUST 
and BALANCE ADJUST 
pins 


(pins 5 and 12 respectively). 


The AD588 provides a precision lOV span with a center tap 
(Vcr) which is used with the buffer and ground sense amplifiers 
to achieve the voltage output configurations 
in Table I. GAIN 
ADJUST and BALANCE ADJUST can be used in any of these 
configurations to trim the magnitude of the span voltage and the 
position of the center tap within the span. The GAIN ADJUST 
should be performed first. Although the trims are not interactive 
within the device, the GAIN trim will move the BALANCE 
trim point as it changes the magnitude of the span. 


Figure 2b. shows GAIN and BALANCE trims in a + 5V and 
- 5V tracking configuration. 
A lOOkfi 20-tum potentiometer 
is 
used for each trim. The potentiometer for GAIN trim is connected 
between pins 6 (VH1GH) and 8 (VLOW) with the wiper connected 
to pin 5 (GAIN ADJ). The potentiometer 
is adjusted to produce 
exactly IOV between pins I and IS, the amplifier outputs. The 
BALANCE potentiometer, 
also connected between pins 6 and 8 
with the wiper to pin 12 (BAL ADJ), is then adjusted to center 
the span from + 5V to - 5V. 


Trimming in other configurations works in exactly the same 
manner. When producing + IOV and + 5V, GAIN ADJ is used 
to trim + lOV and BAL ADJ is used to trim + 5V. In the - IOV 
and - 5V configuration, 
GAIN ADJ is again used to trim the 
magnitude of the span, -lOV, 
while BAL ADJ is used to trim 
the center tap, - 5V. 


Connect 
Buffered 
Pin 10 
Unbuffered 
I Output on Pins 
Output 
Buffered Output on Pins 
Range 
to Pin: 
-10V 
-5V 
OV 
+5V 
+10V 
Connections 
-10V 
-5V 
OV 
+5V 
+10V 


+lOV 
8 
- 
- 
8 
11 
6 
11-13 & 14-15 
- 
- 
- 
15 
- 
6-4 & 3-1 
- 
- 
- 
- 
1 


-5Vor 
+5V 
11 
- 
8 
11 
6 
- 
8-13 & 14-15 
- 
15 
- 
- 
- 
6-4 & 3-1 
- 
- 
- 
1 
- 


-IOV 
6 
8 
11 
6 
- 
- 
8-13 & 14-15 
15 
- 
- 
- 
- 
11-4 & 3-1 
- 
1 
- 
- 
- 


+5V 
- 
- 
- 
6 
- 
6-4 & 3-1 
- 
- 
- 
1 
- 
11 
-5V 
- 
8 
- 
- 
- 
8-13 & 14-15 
- 
15 
- 
- 
- 


In single output configurations, 
GAIN AD J is used to trim 
outputs utilizing the full span (+ 10V or - JOV) while BAL 
ADJ is used to trim outputs using half the span ( + 5V or 
-5V). 


Input impedance on both the GAIN ADJUST and BALANCE 
ADJUST 
pins is approximately 
150kO. The GAIN ADJUST 
trim network effectively attenuates the JOV across the trim 
potentiometer 
by a factor of about 1500 to provide a trim range 
of - 3.5mV to + 7.5mV with a resolution of approximately 
550fLViturn (20 turn potentiometer). 
The BALANCE ADJUST 
trim network attenuates the trim voltage by a factor of about 
1400, providing a trim range of ±4.5mV 
with resolution of 
450fLV/turn. 


Trimming 
the AD588 introduces no additional errors over tem- 
perature so precision potentiometers 
are not required. 


For single output voltage ranges, or in cases when BALANCE 
ADJUST 
is not required, 
pin 12 should be connected to pin II. 


If GAIN ADJUST 
is not required, 
pin 5 should be left floating. 


NOISE PERFORMANCE 
AND REDUCTION 
The noise generated by the AD588 is typically less than 6fLV 
p-p over the O.IHz to 10Hz band. Noise in a IMHz bandwidth 
is approximately 
600fLV p-p. The dominant source of this noise 
is the buried Zener which contributes approximately 
JOOnV/\/HZ. 


In comparison, 
the op amp's contribution 
is negligible. Figure 3 
shows the O.IHz to 10Hz noise of a typical AD588. 
III 


If further noise reduction is desired, an optional capacitor may 
be added between the NOISE REDUCTION 
pin and ground as 
shown in Figure 2b. This will form a low pass filter with the 
4kO RB on the output of the Zener cell. A IfLF capacitor will 
have a 3dB point at 40Hz and will reduce the high frequency 
(to IMHz) noise to about 200fLV p-p. Figure 4 shows the IMHz 
noise of a typical AD588 both with and without a 1fLF 
capacitor. 


Note that a second capacitor is needed in order to implement 
the NOISE REDUCTION 
feature when using the AD588 in 
the - JOV mode (Figure 2c.). The NOISE REDUCTION 
capacitor is limited to O.lfLF maximum in this mode. 


Figure 4. Effect of 1J.LFNoise Reduction 
Capacitor on 
Broadband 
Noise 


TURN·ON 
TIME 
Upon application 
of power (cold start), the time required for the 
output 
voltage to reach its final value within a specified error 
band is the turn-on settling time. Two components normally 
associated with this are: time for active circuits to settle and 
time for thermal gradients on the chip to stabilize. Figure 5 
shows the turn-on characteristics 
of the ADS88. It shows the 
settling to be about 600lJos.Note the absence of any thermal 
tails when the horizontal scale is expanded to 2ms/cm in 
Figure Sb. 
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b. Extended 
Time Scale 


Figure 5. Turn-On Characteristics 


Output turn-on time is modified when an external noise reduction 
capacitor is used. When present, this capacitor presents an 
additional load to the internal Zener diode's current source, 
resulting in a somewhat longer turn-on time. In the case of a 
llJoFcapacitor, the initial turn-on time is approximately 
60ms 
(see Figure 6). 


Note: If the NOISE REDUCTION 
feature is used in the ±SV 
configuration, 
a 39kfi resistor between pins 6 and 2 is required 
for proper startup. 
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Figure 6. Turn-on with 
1J.LFCN 


TEMPERATURE 
PERFORMANCE 
The ADS88 is designed for precision reference applications 
where temperature 
performance is critical. Extensive temperature 
testing ensures that the device's high level of performance is 
maintained over the operating temperature 
range. 


Figure 7 shows typical output voltage drift for the ADS88BD 
and illustrates the test methodology. 
The box in Figure 7 is 
bounded on the sides by the operating temperature 
extremes 
and on top and bottom by the maximum and minimum output 
voltages measured over the operating temperature 
range. The 
slope of the diagonal drawn from the lower left corner of the 
box determines the performance grade of the device. 
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Figure 7. 
Typical AD588BD Temperature 
Drift 


Each ADS88A and B grade unit is tested at - 25°C, O°C, + 25°C, 
+ 50°C, + 70°C and + 85°C. Each ADS88S and T grade unit is 
tested at - 55°C, - 25°C, O°C, + 25°C, + SOOC,+ 70°C and 
+ 125°C. This approach ensures that the variations of output 
voltage that occur as the temperature 
changes within the specified 
range will be contained within a box whose diagonal has a slope 
equal to the maximum specified drift. The position of the box 
on the vertical scale will change from device to device as initial 
error and the shape of the curve vary. Maximum height of the 
box for the appropriate 
temperature 
range is shown in Figure 8. 


Duplication of these results requires a combination of high 
accuracy and stable temperature control in a test system. Evaluation 
of the ADS88 will produce a curve similar to that in Figure 7, 
but output readings may vary depending on the test methods 
and equipment 
utilized. 
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Using Buffer Amplifiers - AD588 


KELVIN 
CONNECTIONS 
Force and sense connections, 
also referred to as Kelvin connec- 


tions, offer a convenient method of eliminating the effects of 
voltage drops in circuit wires. As seen in Figure 9a, the load 
current and wire resistance produce an error (VERROR =R x IL) 
at the load. The Kelvin connection of Figure 9b overcomes the 
problem by including the wire resistance within the forcing loop 
of the amplifier and sensing the load voltage. The amplifier 
corrects for any errors in the load voltage. In the circuit shown, 
the output of the amplifier would actually be at 10 volts + 


VERROR and the voltage at the load would be the desired 10 
volts. 


The ADS88 has three amplifiers which can be used to implement 
Kelvin connections. 
Amplifier A2 is dedicated to the ground 
force-sense function while uncommitted 
amplifiers A3 and A4 
are free for other force-sense chores. 


In some single-output applications, one amplifier may be unused. 
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In such cases, the unused amplifier should be connected as a 
unity-gain follower (force + sense pin tied together) and the 
input should be connected to ground. 


An unused amplifier section may be used for other circuit functions 
as well. The curves on this page show the typical performance 
of A3 and A4. 
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DYNAMIC 
PERFORMANCE 
The output buffer amplifiers (A3 and A4) are designed to provide 
the ADS88 with static and dynamic load regulation superior to 
less complete references. 


Many AID and DIA converters present transient current loads 
to the reference, and poor reference response can degrade the 
converter's performance. 


Figure 10 displays the characteristics of the ADS88 output 
amplifier driving a 0 to 10mA load. 
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Figure 1OC.Fine Scale Settling 
for Transient Load 


Figure II displays the output amplifier characteristics driving a 
SmA to 10mA load, a common situation found when the reference 
is shared among multiple converters or is used to provide a 
bipolar offset current. 
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In some applications, 
a varying load may be both resistive and 
capacitive in nature, or be connected to the ADS88 by a long 
capacitive cable. 


Figure 12 displays the output amplifier characteristics 
driving a 
1,000pF, O-to-lOmA load. 


Figure 12a. Capacitive Load Transient Response Test 
Circuit 
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Figure 13 displays the crosstalk between output amplifiers. The 
top trace shows the output of A4, dc-coupled and offset by 10 
volts, while the output of A3 is subjected to a O-to-lOmA load 
current step. The transient at A4 settles in about I~s, and the 
load-induced offset is about 100~V. 
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Attempts to drive a large capacitive load (in excess of 1,000pF) 
may result in ringing or oscillation, as shown in the step response 
photo (Figure 14a). This is due to the additional pole formed by 
the load capacitance and the output impedance of the amplifier, 
which consumes phase margin. The recommended 
method of 
driving capacitive loads of this magnitude is shown in Figure 
14b. The 150n resistor isolates the capacitive load from the 
output stage, while the 10kn resistor provides a dc feedback 
path and preserves the output accuracy. The If.LFcapacitor 
provides a high-frequency 
feedback loop. The performance 
of 
this circuit is shown in Figure 14c. 
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Figure 14c. Output Amplifier 
Step Response Using Figure 
14b Compensation 
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USING 
THE AD588 WITH 
CONVERTERS 
The AD588 is an ideal reference for a wide variety of AID and 
DI A converters. 
Several representative 
examples follow. 


14-Bit Digital-to-Analog 
Converter 
- AD7535 
High resolution CMOS D/A converters require a reference voltage 
of high precision to maintain rated accuracy. The combination 
of the AD588 and AD7535 takes advantage of the initial accuracy, 
drift and full Kelvin output capability of the AD588 as well as 
the resolution, monotonicity 
and accuracy of the AD7535 to 
produce a subsystem with outstanding 
characteristics. 


vo", 
-5V 
TO 
+5V 


Figure 
16. High-Accuracy 
±5V 
Tracking Reference for 
AD569 


16-Bit Digital-to-Analog 
Converter 
- ADS69 
Another application which fully utilizes the capabilities of the 
AD588 is supplying a reference for the ADS69, as shown in 
Figure 16. Amplifier A2 senses system common and forces Vcr 
to assume this value, producing 
+ 5V and - 5V at pins 6 and 8 
respectively. Amplifiers A3 and A4 buffer these voltages out to 
the appropriate 
reference force-sense pins of the AD569. The 
full Kelvin scheme eliminates the effect of the circuit traces or 
wires and the wire bonds of the AD588 and AD569 themselves, 
which would otherwise degrade system performance. 


SUBSTITUTING 
FOR INTERNAL 
REFERENCES 
Many converters include built-in references. Unfortunately, 
such references are the major source of drift in these converters. 
By using a more stable external reference like the AD588, drift 
performance 
can be improved dramatically. 


12-Bit Analog-to-Digital 
Converter 
- ADS74A 
The AD574A is specified for gain drift from IOppml"C to 50ppm/ 
DC,(depending on grade) using the on-chip reference. The 
reference contributes 
typically 75% of this drift. Therefore, 
the 
total drift using an AD588 to supply the reference can be improved 
by a factor of 3 to 4. 


Using this combination 
may result in apparent increases in full- 
scale error due to the difference between the on-board reference 
by which the device is laser trimmed and the external reference 
with which the device is actually applied. The on-board reference 
is specified to be IOV :!: 100mV while the external reference is 
specified to be IOV :!: ImV. This may result in up to IOlmV of 
apparent full-scale error beyond the 
:!: 25mV specified AD574 
gain error. Resistors R2 and R3 allow this error to be nulled. 
Their contribution 
to full-scale drift is negligible. 


The high output drive capability allows the AD588 to drive up 
to 6 converters in a multi-converter 
system. All converters will 
have gain errors that track to better than 
:!: 5ppmJOC. 


RTD 
EXCITATION 
The Resistance Temperature 
Detector (RTD) is a circuit element 


whose resistance is characterized 
by a positive temperature 
coef- 
ficient. A measurement 
of resistance indicates the measured 
temperature. 
Unfortunately, 
the resistance of the wires leading 
to the RTD often adds error to this measurement. 
The 4-wire 
ohms measurement 
overcomes this problem. This method uses 


two wires to bring an excitation current to the RTD and two 
additional wires to tap off the resulting RTD voltage. If these 
additional 
two wires go to a high input impedance measurement 
circuit, the effect of their resistance is negligible. Therefore, 
they transmit the true RTD voltage. 


1=0 
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A practical consideration 
when using the 4-wire ohms technique 
with an RTD is the self-heating effect that the excitation current 
has on the temperature 
of the RTD. The designer must choose 
the smallest practical excitation current that still gives the desired 
resolution. 
RTD manufactures 
usually specify the self-heating 
effect of each of their models or types of RTDs. 


Figure 
19 shows an AD588 providing the precision excitation 
current 
for a loon 
RTD. 
The small excitation current of lmA 
dissipates a mere O.lmW of power in the RTD. 


BOOSTED 
PRECISION 
CURRENT 
SOURCE 
In the RTD current-source 
application the load current is limited 
to 
:!: IOmA by the output drive capability of amplifier A3. In 
the event that more drive current is needed, a series pass transistor 
can be inserted inside the feedback loop to provide higher current. 
Accuracy and drift performance 
are unaffected by the pass 
transistor. 


• 


BRIDGE 
DRIVER 
CIRCUITS 
The Wheatstone bridge is a common transducer. 
In its simplest 
form, a bridge consists of 4 two terminal elements connected to 
form a quadrilateral, 
a source of excitation connected along one 
of the diagonals and a detector comprising the other diagonal. 
Figure 21a shows a simple bridge driven from a unipolar excitation 
supply. Eo, a differential voltage, is proportional 
to the deviation 
of the element from the initial bridge values. Unfortunately, 
this 
bridge output voltage is riding on a common-mode 
voltage equal 
to approximately 
VIN/2. Further 
processing of this signal may 


necessarily be limited to high common-mode 
rejection techniques 
such as instrumentation 
or isolation amplifiers. 


Figure 21b shows the same bridge transducer, 
but this time it is 
driven from pair of bipolar supplies. This configuration 
ideally 


eliminates the common-mode 
voltage and relaxes the restrictions 
on any processing elements that follow. 
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b. Bipolar Drive 


Figure 21. Bridge Transducer Excitation 


As shown in Figure 22, the AD588 is an excellent choice for the 
control element in a bipolar bridge driver scheme. Transistors 
Q I and Q2 serve as series pass elements to boost the current 
drive capability to the 28mA required by a typical 3500 bridge. 
A differential gain stage may still be required if the bridge balance 
is not perfect. Such gain stages can be expensive. 


Additional common-mode 
voltage reduction is realized by using 
the circuit illustrated in Figure 23. AI, the ground sense amplifier, 
servo's the supplies on the bridge to maintain a virtual ground 
at one center tap. The voltage which appears on the opposite 
center tap is now single-ended (referred to ground) and can be 
amplified by a less expensive circuit. 


Figure 23. 
Floating Bipolar Ilridge Drive with Minimum 
CMV 


AD589 


FEATURES 
Superior 
Replacement 
for Other 1.2V References 
Wide Operating 
Range: SOj./Ato SmA 
Low·Power: 60j./W Total Po at SOj./A 
Low Temperature 
Coefficient: 
10ppmfC 
max, 0 to +70°C (ADS89M) 
2SppmfC 
max, -SSoC to +12SoC (ADS89U) 
Two-Terminal 
"Zener" 
Operation 
Low Output 
Impedance: 
O.6n 
No Frequency 
Compensation 
Required 
Low Cost 
MIL-STD-883 Compliant 
Versions 
Available 


PRODUCT DESCRIPTION 
The ADS89 is a two-terminal, low cost, temperature 
com- 
pensated bandgap voltage reference which provides a fixed 
1.23V output voltage for input currents between SOj./Aand 
S.OmA. 


The high stability of the ADS89 is primarily dependent upon 
the matching and thermal tracking of the on-chip components. 
Analog Devices' precision bipolar processing and thin-film 
technology combine to provide excellent performance 
at 
low cost. 


Additionally, 
the active circuit produces an output impedance 
ten times lower than typicallow-TC 
zener diodes. This fea- 
ture allows operation with no external components 
required 
to maintain full accuracy under changing load conditions. 


The ADS89 is available in seven versions. The ADS89J, K, L 
and M grades are specified for 0 to +70 
0C operation, while 
the S, T and U grades are rated for the full -5 S°C to +125° C 
temperature 
range. All grades are available in a metal can 


(H-<l2A)package. The ADS89J is also available in an 
8-pin SOIC package. 


SOIC (R-S) 
METAL 
CAN (H-02A) 


V+ 
8 
V+ 
CD 
V- 


BOTTOM VIEW 
TOP VIEW 


PRODUCT HIGHLIGHTS 
1. The ADS89 is a two-terminal device which delivers a 
a constant reference voltage for a wide range of input 
current. 
• 
2. Output impedance of O.6n and temperature 
coefficients 
as low as lOppm/C 
insure stable output voltage over a 
wide range of operating conditions. 


3. The ADS89 can be operated as a positive or negative 


reference. "Floating" 
operation is also possible. 


4. The ADS89 will operate with total current as low as SOj./A 
(60j./Wtotal power dissipation), ideal for battery powered 
instrument applications. 


S. The ADS89 is an exact replacement for other 1.2V ref- 


erences, offering superior temperature 
performance 
and 
reduced sensitivity to capacitive loading. 


6. The ADS89 is available in versions compliant with MIL- 
STD-88 3. Refer to the Analog Devices Military Products 
Databook or current ADS89/883B data sheet for detailed 
specifications. 


AD589-SPECIFICATIONS 
(typical @ 11M 


Model 
AD589JHlJR 
ADS89KH 
AD589LH 
AD589MH 
MiD 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


OUTPUT VOLTAGE, TA:: + 25°C 
1.200 
1.235 
1.250 
1.200 
1.235 
1.250 
1.200 
1.235 
1.250 
1.200 
1.235 
1.250 
V 


OUTPUT VOLTAGE CHANGE vs. 


CURRENT 


(50fLA- SmA) 
5 
5 
5 
5 
mV 


DYNAMIC OUTPUT IMPEDANCE 
0.6 
2 
0.6 
2 
0.6 
2 
0.6 
2 
n 


RMS NOISE VOLTAGE 
IOHz<f< 10kHz 
5 
5 
5 
5 
fLV 


TEMPERATURE 
COEFFICIENT' 
100 
50 
25 
10 
ppmf'C 


TURN-ON SETTLING TIME TOO.I% 
25 
25 
25 
25 
fLs 


OPERATING CURRENT' 
0.05 
5 
0.05 
5 
0.05 
5 
0.05 
5 
mA 


OPERATING TEMPERATURE 
0 
+70 
0 
+70 
0 
+70 
0 
+70 
°C 


PACKAGE OPTION' 


Metal Can (H-02A) 
AD589JH 
AD589KH 
AD589LH 
AD589MH 


SOIC(R-8) 
AD589JR 


Model 
AD589SH 
AD589TH 
AD589UH 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


OUTPUT VOLTAGE, T A ~ + 25°C 
1.200 
1.235 
1.250 
1.200 
1.235 
1.250 
1.200 
1.235 
1.250 
V 


OUTPUT VOLTAGE CHANGE vs. 
CURRENT 


(50fLA- SmA) 
5 
5 
5 
mV 


DYNAMIC OUTPUT IMPEDANCE 
0.6 
2 
0.6 
2 
0.6 
2 
II 


RMS NOISE VOLTAGE 
IOHz<f< 10kHz 
5 
5 
5 
fLV 


TEMPERATURE 
COEFFICIENT' 
100 
50 
25 
ppmf'C 


TURN-ON SETTLING TIME TOO.1% 
25 
25 
25 
fLS 


OPERATING CURRENT' 
0.05 
5 
0.05 
5 
0.05 
5 
mA 


OPERATING TEMPERATURE 
-55 
+ 125 
- 55 
+ 125 
-55 
+ 125 
°C 


PACKAGE OPTION' 


Metal Can (H-02A) 
AD589SH 
AD589TH 
AD589UH 


NOTES 
ISee following 
pq:e for explanation 
of temperature 
coefficient 
measurement 
method. 
20ptimum 
performance 
is obtained 
at currents 
below 
500JLA. For current 
operation 
below 200~) 
stray shunt 
capacitances 
should 
be limited 
to 20pF 
or increased 
to IJLF.1f strays can not be avoided, 
operation 
at SOO~A and a shunt capacitor 
of at least lOOOpF are recommended. 


3H = Hermetic 
Metal Can; R = sOle. For outline 
information 
see Package 
Information 
section. 


Specifications shown in boldface are tested on all production units at fmal electrical test. 


Specifications subject to change without Dotice. 


ABSOLUTE 
MAXIMUM 
RATINGS 
Current 
. 


Reverse Current 
. . . . . . . 
Power Dissipation t 
Storage Temperature 
Range . 
Operating 
Junction Temperature 
Range 
Lead Temperature 
(Soldering, 
10sec) .. 


. 
10mA 
. 
10mA 
125mW 
- 65°C to + 175°C 
- 55°C to + 150°C 
. .... 
+300°C 


NOTE 


IAbsolute maximum power dissipation is limited by maximum current 
through lbe device. Maximum rating at elevated temperatures must be 
computed assuming TJ"'1500c, 
and 9JA =400 =CIW. 


----------(~:~I 


THE A0589 
IS AVAILABLE 
IN CHIP 
FORM 
WITH 
FULLY 
TESTED 
AND 
GUARANTEED 
SPECIFI- 
CATIONS. 
CONSULT 
FACTORY 
FOR AVAILABLE 
GRADES 
AND 
PRiCING. 


VOLTAGE VARIATION vs. TEMPERATURE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. 
Historically, refer- 
ences have been characterized using a maximum deviation per 
degree Centigrade; i.e., lOppm/C. 
However, because of non- 
linearities in temperature characteristics, which originated in 
standard zener references (such as "S" type characteristics) 
most manufacturers 
have begun to use a maximum limit error 


band approach to specify devices. This technique involves 
measurement of the output at 3, 5 or more different tempera- 
tures to guarantee that the output voltage will fall within the 
given error band. The temperature 
characteristic of the AD589 
consistently follows the curve shown in Figure 1. Three-point 
measurement guarantees the error band over the specified 
temperature 
range. The temperature 
coefficients specified on 
page 2 re~resent the slopes o! the diagonals of the error band 
from +25 C to Tmin and +25 C to Tmax. 
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DYNAMIC PERFORMANCE 
Many low power instrument 
manufacturers 
are becoming in- 
creasingly concerned with the turn-on characteristics 
of the 
components 
being used in their systems. Fast turn-on compo- 
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 3 displays the turn-on characteristic 
of 


the AD589. This characteristic is generated from cold-start 
operation and represents the true turn-on waveform after an 
extended period with the supplies off. The figure shows both 
the coarse and fine transient characteristics of the device; the 
total settling time to within ±l millivolt is about 25J,ls,and 
there is no long thermal tail appearing after that point. 


• 


The ADS89 functions 
as a two-terminal 
shunt-type 
regulator. 
It provides a constant 
l.23V 
output 
for a wide range of input 
current 
from SOIlA to SmA. Figure S shows the simplest con- 
figuration 
for an output 
voltage of l.2V or less. Note that no 
frequency 
compensation 
is required. 
If additional 
filtering is 
desired for ultra low noise applications, 
minimum 
recom- 
mended capacitance 
is I OOOpF. 


The ADS89 can also be used as a building block to generate 
other values of reference voltage. Figure 6 shows a circuit 
which produces 
a buffered 
IOV output. 
Total supply current 
for this circuit is approximately 
2mA. 


The low power operation 
of the ADS89 makes it ideal for use 
in battety 
operated 
portable 
equipment. 
It is especially useful 
as a reference for CMOS analog-to-digital 
converters. 
Figure 7 
shows the ADS89 used in conjunction 
with two popular inte- 
grating type CMOS AID converters. 


The ADS89 also is useful as a reference for CMOS multi- 
plying DACs such as the AD7S33. These DACs require a 
negative reference 
voltage in order to provide a positive out- 
put range. Figure 8 shows the ADS89 used to supply an equiv- 
alent -l.OV reference 
to an AD7S33. 
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I 
FEATURES 
Low Quiescent Current: 250 •.•.A max 
Laser Trimmed to High Accuracy: 
2.5 V ±5 mV max IAN Gradel 
Trimmed Temperature Coefficient: 
20 ppm/·C max (AN Grade) 
Low Noise: 8 •.•.V p-p from 0.1 to 10 Hz 
250 nV/v'HZ Wideband 
Temperature Output Pin IN, R Packages) 
Available in Three Package Styles: 
8-Pin Plastic DIP, 8-Pin SOIC and 3-Pin TO-92 


PRODUCT 
DESCRIPTION 
The AD680 is a bandgap voltage reference which provides a 
fixed 2.5 V output from inputs between 4.5 V and 36 V. The 
architecture of the AD680 enables the reference to be operated 
at a very low quiescent current while still realizing excellent dc 
characteristics and noise performance. 
Trimming of the high 
stability thin-film resistors is performed for initial accuracy and 
temperature 
coefficient, resulting in low errors over temperature. 


The precision dc characteristics of the AD680 make it ideal for 
use as a reference for DIA converters which require an external 
precision reference. The device is also ideal for ND converters 
and, in general, can offer bener performance than the standard 
on-chip references. 


Based upon the low quiescent current of the AD680, which 
rivals that of many incomplete two-terminal references, the 
AD680 is recommended 
for low power applications such as 
hand-held battery equipment. 


A temperature 
output pin is provided on the 8-pin package ver- 
sions of the AD680. The temperature 
output pin provides an 
output voltage that varies linearly with temperature 
and allows 


the AD680 to be configured as a temperature 
transducer while 
providing a stable 2.5 V output. 


The AD680 is available in four grades. The AD680AN is speci- 
fied for operation from -40·C 
to +85·C, while the AD680JN 
is specified for O·C to + 70·C operation. Both the AD680AN 
and AD680JN are available in 8-pin plastic DIP packages. 
The AD680JR is specified for O·C to + 70·C operation and is 
available in an 8-pin Small Outline IC (SOlC) package. The 
AD680JT is specilled for O·C to + 70·C operation and is avail- 
able in a 3-pin TO-92 package. 


Low Power, Low Cost 
2.5 V Reference 


AD680* 
I 


AD680 


TOP VIEW 
(Nollo 
Scale) 


*TP DENOTES 
FACTORY 
TEST POINT. 


NO CONNECTIONS 
SHOULD 
BE MADE 
TO THESE PINS. 


PRODUCT 
HIGHLIGHTS 
I. The AD680 bandgap reference operates on a very low quies- 
cent current which rivals that of many two-terminal refer- 
ences. This makes the complete, higher accuracy AD680 
ideal for use in power sensitive applications. 


2. Laser trimming of both initial accuracy and temperature 
co- 
efficients results in low errors over temperature 
without the 
use of external components. 
The AD680AN has a maximum 
variation of 6.25 mV between -40·C 
and +85·C. 


3. The AD680 noise is low, typically 8 •.•.V p-p from 0.1 to 
10 Hz. Spectral density is also low, typically 250 nV/ylHz. 


4. The temperature 
output pin on the 8-pin package versions 


enables the AD680 to be configured as a temperature 
transducer. 


5. Plastic DIP packaging provides machine insertability, 
while 
SOIC packaging provides surface mount capability. TO-92 
packaging offers a cost effective alternative to two-terminal 
references, offering a complete solution in the same package 
in which two-terminal references are usually found. 
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AD680 -SPECIFICATIONS 
(TA = +25°C, VIM = +5 V unless 
otherwise 
specified) 


AD680AN 
AD680JN/JR 
AD680JT 
Model 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


OUTPUT 
VOLTAGE 
2.495 
2.505 
2.490 
2.510 
2.490 
2.510 
V 
. 


OUTPUT 
VOLTAGE DRIFf' 
O°Cto +70·C 
10 
10 
25 
10 
30 
ppm/'C 
-4O·C to +S5·C 
20 
25 
25 


LINE REGULATION 
4.5 V :s +VIN 
:s 15 V 
40 
* 
* 
!LVN 


(@ Tmin to TmaxJ 
40 
* 
* 
15V:s 
+VIN:s36V 
40 
* 
* 


(@ Tmin to TmaxJ 
40 
* 
* 
LOAD REGULATION 
o < lOUT < 10 mA 
SO 
100 
* 
* 
* 
* 
!LV/mA 


(@ Tmin to TmaxJ 
SO 
100 
* 
* 
* 
* 
QUIESCENT 
CURRENT 
195 
250 
* 
* 
* 
* 
!LA 


(@ Tmin to TmaxJ 
2S0 
* 
* 
POWER DISSIPATION 
1 
1.25 
* 
* 
* 
* 
mW 


OUTPUT 
NOISE 
0.1 to 10 Hz 
S 
10 
* 
* 
* 
* 
!LVP-P 
Spectral Density, 100 Hz 
250 
* 
* 
nV/yHz 


CAPACITIVE LOAD 
50 
* 
* 
nF 


LONG TERM STABILITY 
25 
* 
* 
ppmll000 he 


SHORT CIRCUIT CURRENT 
TO GROUND 
25 
50 
* 
* 
* 
* 
mA 


TEMPERATURE 
PIN 
Voltage Output 
@ 25·C 
540 
596 
660 
* 
* 
* 
mV 
Temperature 
Sensitivity 
2 
* 
mVrC 
Output Current 
-5 
+5 
* 
* 
!LA 
Output Resistance 
12 
* 
kG 


TEMPERATURE 
RANGE 
Specified Performance 
-40 
+S5 
0 
+70 
0 
+70 
·C 
Operating Performance2 
-40 
+S5 
-40 
+S5 
-40 
+S5 


NOTES 


1Maximum output voltage drift is guaranteed for all packages. 
2The operating temperature range is defmed as the temperature extremes at which the device will still function. Parts may deviate from their specified perfor- 
mance outside their specified temperature range. 
"Same as AD680AN specification. 


Specifications subject to change without notice. 


Specifications in boldface are tested on all production units at fmal electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications 
are guaranteed. 


ABSOLUTE 
MAXIMUM 
RATINGS* 
V1N to Ground 
36 V 
Power Dissipation (25°C) 
500 mW 
Storage Temperature 
-65°C to + l25°C 
Lead Temperature 
(Soldering, 
10 see) 
300°C 
Package Thermal Resistance 


a]A (All Packages) 
120°C/W 
Output Protection: 
Output 
safe for indefInite 
short to ground 
and momentary short to VtN• 


·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


8-Pin Plastic DIP 
and 
8-Pin SOIC Packages 


AD680 


TOP VIEW 
(Not to SCale) 


*TP 
DENOTES 
FACTORY 
TEST POINT. 


NO CONNECTIONS 
SHOULD 
BE MADE 
TO THESE PINS. 


THEORY 
OF OPERATION 
Bandgap references are the high performance 
solution for low 


supply voltage operation. A typical precision bandgap will con- 
sist of a reference core and buffer amplifier. Based on anew, 
patented bandgap reference design (Figure 2), the AD680 
merges the amplifIer and the core bandgap function to produce 
a compact, complete precision reference. Central to the device is 
a high gain amplifier with an intentionally large Proportional 
To 
Absolute Temperature 
(PT AT) input offset. This offset is con- 
trolled by the area ratio of the amplifier input pair, QI and Q2, 
and is developed across resistor Rl. Transistor 
Q12's base emit- 
ter voltage has a Complementary 
To Absolute Temperature 


(CTAT) characteristic. 
Resistor R2 and the parallel combination 
of R3 and R4 "multiply" 
the PT AT voltage across Rl. Trim- 
ming resistors R3 and R4 to the proper ratio produces a temper- 
ature invariant 2.5 Vat the output. The result is an accurate, 
stable output voltage accomplished with a minimum number of 
components. 


• 


Figure 2. AD680 
Schematic 
Diagram 


An additional feature with this approach is the ability to 
minimize the noise while maintaining very low overall power 
dissipation for the entire circuit. Frequently 
it is diffIcult to in- 
dependently 
control the dominant noise sources for bandgap 
references: bandgap transistor noise and resistor thermal noise. 
By properly choosing the operating currents of QI and Q2 and 
separately sizing Rl, low wideband noise is realized while main- 
taining 1 mW typical power dissipation. 


Initial 
Temperature 
Error 
Coeff. 
Temperature 
Package 
Package 
Model 
mV 
pptnrC 
Range 
Description 
Option* 


AD680JN 
10 
25 
O°Cto +70°C 
Plastic 
N-8 
AD680JR 
10 
25 
O°Cto +70°C 
SOlC 
R-8 
AD680JT 
10 
30 
O°Cto +70°C 
TO-92 
TO-92 
AD680AN 
5 
20 
'-40°C to +85°C 
Plastic 
N-8 


JU"l"LYINu 
Itt~ 
IUJIIllU 
The AD680 is simple to use in virtually all precision reference 
applications. When power is applied to + VIN and the GND pin 
is tied to ground, VOUT provides a +2.5 V output. The AD680 
typically requires less than 250 fLAof current when operating 
from a supply of +4.5 V to +36 V. 


To operate the AD680, the +VIN pin must be bypassed to the 
GND pin with a 0.1 fLF capacitor tied as close to the AD680 as 
possible. Although the ground current for the AD680 is small 
(typically 195 fLA), a direct connection should be made between 
the AD680 GND pin and the system ground plane. 


Reference outputs are frequently required to handle fast tran- 
sients caused by input switching networks, as are commonly 
found in ADCs and measurement instrumentation 
equipment. 


Many of the dynamic problems associated with this situation can 
be minimized with a few simple techniques. 
Using a series resis- 
tor between the reference output and the load will tend to "de- 
couple" the reference output from the transient source. Or a 
relatively large capacitor connected from the reference output to 
ground can serve as a charge storage element to absorb and de- 
liver charge as is required by the dynamic load. A 50 nF capaci- 
tor is recommended 
for the AD680 in this case; this is large 
enough to store the required charge, but small enough so as not 
to disrupt the stability of the reference. 


The 8-pin plastic DIP and SOIC packaged versions of the 
AD680 also provide a temperature 
output pin. The voltage on 
this pin is nominally 596 mV at 25°C. This pin will provide an 
output linearly proportional 
to temperature 
with a characteristic 
of2 mVrC. 


NOISE PERFORMANCE 
The noise generated by the AD680 is typically less than 8 fLV P-P 
over the 0.1 Hz to 10 Hz band. Figure 3 shows the 0.1 Hz to 
10 Hz noise of a typical AD680. The noise measurement 
is 
made with a bandpass fl1ter made of a I-pole high-pass fl1ter 
with a comer frequency at 0.1 Hz and a 2-pole low-pass fl1ter 
with a comer frequency at 12.6 Hz to create a fl1ter with a 
9.922 Hz bandwidth. 


i~01se ill a ~ 
KnZ 
oanUWlUW 
l~ ilPPCUAllW:lU:lY ovv 
•.•.y 
~jJ. 


Figure 4 shows the broadband noise of a typical AD680. 
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TURN·ON 
TIME 
Upon application of power (cold start), the time required for the 
output voltage to reach its fmal value within a specified error 
band is defined as the rum-on settling time. Two components 
normally associated with this are: the time for the active circuits 
to settle, and the time for the thermal gradients on the chip to 
stabilize. Figure 5 shows the rum-on settling time of the AD680 
to be about 20 fLSto 0.025% of its fmal value. 
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The AD680 thermal settling characteristic benefits from its com- 
pact design. Once initial rum-on is achieved, the output linearly 
approaches its fmal value; the output is typically within 0.01% 
of its fmal value after 25 ms. 


DYNANUCPERFORMANCE 
The output stage of the amplifier is designed to provide the 
AD680 with static and dynamic load regulation superior to less 
complete references. 


Figure 6 displays the characteristics of the AD680 output ampli- 
fier driving a 0 to 10 mA load. Longer settling times will result 
if the reference is forced to sink any transient current. 
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In some applications, a varying load may be both resistive and 
capacitive in nature, or the load may be connected to the AD680 
by a long capacitive cable. 


Figure 7 displays the output amplifier characteristics driving a 
1000 pF, 0 to 10 mA load. 


Figure 7a. Capacitive Load Transient Response Test 
Circuit 
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LOAD REGULATION 
Figure 8 shows the load regulation characteristics of the AD680. 
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TEMPERATURE 
PERFORMANCE 
The AD680 is designed for reference applications where temper- 
ature performance is important. 
Extensive temperature 
testing 
and characterization 
ensures that the device's performance is 
maintained over the specified temperature 
range. 


Some confusion exists in the area of defining and specifying ref- 
erence voltage error over temperature. 
Historically, references 
have been characterized using a maximum deviation per degree 
centigrade, i.e., ppmf'C. However, because of nonlinearities in 
temperature 
characteristics which originated in standard Zener 
references (such as "S" type characteristics), 
most manufacturers 
now use a maximum limit error band approach to specify de- 
vices. This technique involves the measurement 
of the output at 
three or more different temperatures 
to specify an output volt- 
age error band. 


SLOPE=TC 
vMAX -VM1N 


(TMAX 
- TM1N) x 2.5V 
x 10-8 


2.801 - 2.498 


(SS'C - (-40'Cl) x 2.5Vx 10" 


= 9.8ppmJ'C 


Figure 9. Typical A0680AN Temperature Orift 


Figure 9 shows a typical output voltage drift for the AD680AN 
and illustrates the test methodology. The box in Figure 9 is 
bounded on the sides by the operating temperature 
extremes, 
and on the top and bottom by the maximum and minimum out- 
put voltages measured over the operating temperature 
range. 


The maximum height of the box for the appropriate 
temperature 
range and device grade is shown in Table I. Duplication of these 
results requires a combination of high accuracy and stable tem- 
perature control in a test system. Evaluation of the AD680 will 
produce a curve similar to that in Figure 9, but output readings 
may vary depending upon the test equipment utilized. 


Device 
Grade 
Maximum Output Change (mV) 
O·C to +70·C 
-40·C 
to +85·C 


4.375 
5.250 
AD680JN/JR 
AD680JT 
AD680AN 


TEMPERATURE 
OUTPUT 
PIN 
The 8-pin packaged versions of the AD680 provide a tempera- 
ture output pin on Pin 3 of each device. The output of Pin 3 
(TEMP) is a voltage that varies linearly with temperature. 
VTEMP at 25·C is 596 mV, and the temperature 
coefficient is 
2 mVre. Figure 10 shows the output of this pin over 
temperature. 
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Figure 10. Temp Pin Transfer Characteristic 


The temperature 
pin has an output resistance of 12 kG and is 
capable of sinking or sourcing currents of up to 5 !LAwithout 
disturbing the reference output, enabling the temp pin to be 
buffered by any of a number of inexpensive operational amplift- 
ers that have bias currents below this value. 


DIFFERENTIAL 
TEMPERATURE 
TRANSDUCER 
Figure II shows a differential temperature 
transducer 
that can 
be used to measure temperature 
changes in the AD680's envi- 
ronment. This circuit operates from a +5 V supply. The tem- 
perature dependent voltage from the TEMP pin of the AD680 is 
amplifted by a factor of 5 to provide wider full-scale range and 
more current sourcing capability. An exact gain of 5 can be 
achieved by adjusting the trim potentiometer 
until the output 
varies by 10 mVrC. 
To minimize resistance changes with tem- 
perature, resistors with low temperature 
coefficients, such as 
metal mm resistors, should be used. 


LOW POWER, LOW VOLTAGE REFERENCE FOR DATA 
CONVERTERS 
The AD680 has a number of features that make it ideally suited 
for use with AID and D/A converters. The low supply voltage 
required makes it possible to use the AD680 with today's con- 
verters that run on 5 V supplies without having to add a higher 
supply voltage for the reference. The low quiescent current 
(195 I1A), combined with the completeness and accuracy of the 
AD680 make it ideal for low power applications such as hand- 
held, battery operated meters. 


One such ADC that the AD680 is well suited for is the 
AD7701. Figure l2a shows the AD680 used as the reference for 
this converter. The AD7701 is a l6-bit AID converter with on- 
chip digital filtering intended for the measurement 
of wide dy- 
namic range, low frequency signals such as those representing 
chemical, physical or biological processes. It contains a charge 
balancing (sigma-delta) ADC, calibration microcontroller 
with 
on-chip static RAM, a clock oscillator and a serial communica- 
tions port. 


This entire circuit runs on ±5 V supplies. The power dissipa- 
tion of the AD7701 is typically 25 mW and, when combined 
with the power dissipation of the AD680 (1 mW), the entire 
circuit consumes just 26 mW of power. 
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Figure 12a. Low Power, Low Voltage Supply Reference 
for the AD7701 16-Bit AID Converter 


Figure l2b shows the AD680 connected to the AD773 high 
speed 8-bit ADC. The low pass filter shown minimizes the 
AD680's wideband noise. 


The AD773's high impedance reference input allows direct con- 
nection to the AD680. Unlike the resistor ladder requirements 
of a flash converter the AD773's single pin, high impedance in- 
put can be driven from one low cost, low power reference. The 
high impedance input allows multiple AD773's to be driven 
from one AD680 thus minimizing drift errors. 


+4.5 V REFERENCE FROM A +5 V SUPPLY 
The AD680 can be used to provide a low power, +4.5 V refer- 
ence as shown in Figure 13. In addition to the AD680, the cir- 
cuit uses a low power op amp and a transistor in a feedback 
configuration that provides a regulated +4.5 V output for a 
power supply voltage as low as +4.7 V. The high quality tanta- 
lum 10 I1F capacitor (Cl) in parallel with the ceramic 0.1 I1F 
capacitor (C2) and the 3.9 n resistor (R5) ensure a low output 
impedance up to around 50 MHz. 
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Figure 13. +4.5 V Reference Running from a Single 
+5 V Supply 


VOLTAGE REGULATOR 
FOR PORTABLE EQUIPMENT 
The AD680 is ideal for providing a stable, low cost and low 
power reference voltage in portable equipment power supplies. 
Figure 14 shows how the AD680 can be used in a voltage regu- 
lator that not only has low output noise (as compared to a 
switchmode design) and low power, but also a very fast recovery 
after current surges. Some precaution should be taken in the 
selection of the output capacitors. Too high an ESR (effective 
series resistance) could endanger the stability of the circuit. A 
solid tantalum capacitor, 16 V or higher, and an aluminum elec- 
trolytic capacitor, 
10 V or higher, are recommended 
for Cl and 
C2, respectively. Also, the path from the ground side of Cl and 
C2 to the ground side of Rl should be kept as short as possible. 
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FEATURES 
±10 
V Tracking 
Outputs 
Kelvin 
Connections 
Low Tracking 
Error 
- 
1.5 mV 
Low 
Initial 
Error 
- 
2.0 mV 
Low Drift 
- 
1.5 ppm/oC 
Low 
Noise 
- 
6 IJ.V p-p 


Flexible 
Output 
Force and Sense 
Terminals 
High Impedance 
Ground 
Sense 
Machine 
Insertable 
DIP Packaging 
MIL-STD-883 
Compliant 
Versions 
Available 


PRODUCT DESCRIPTION 
The AD688 is a high precision ± 10 V tracking reference. Low 
tracking error, low initial error and low temperature 
drift give 
the AD688 reference absolute ± 10 V accuracy performance 
previously unavailable in monolithic form. The AD688 uses a 
proprietary ion-implanted 
buried Zener diode, and laser-wafer- 
drift-trimming 
of high stability thin-film resistors to provide 


outstanding 
performance at low cost. 


The AD688 includes the basic reference cell and three additional 
amplifiers. The amplifiers are laser-trimmed 
for low offset and 
low drift and maintain the accuracy of the reference. The ampli- 
fiers are configured to allow Kelvin connections to the load 
and/or boosters for driving long lines or high current loads, de- 
livering the full accuracy of the AD688 where it is required in 
the application circuit. 


The low initial error allows the AD688 to be used as a system 
reference in precision measurement 
applications requiring l2-bit 
absolute accuracy. In such systems, the AD688 can provide a 
known voltage for system calibration and the cost of periodic 
recalibration can therefore be eliminated. Furthermore, 
the me- 


chanical instability of a trimming potentiometer 
and the poten- 
tial for improper calibration can be eliminated by using the 
AD688 and calibration software. 


The AD688 is available in three versions. The AD688AQ and 
BQ grades are packaged in l6-pin cerdip (0.3") packages and are 
specified for operation from -40°C to +85°C. The AD688SQ 
grade is specified for operation from -55°C to + 125°C. 


±10 V Reference 


AD688* 
I 


PRODUCT HIGHLIGHTS 
1. The AD688 offers precision tracking ± 10 V Kelvin output 
connections with no external components. 
Tracking error is 


less than 1.5 mV and a fme-trim is available for applications 
requiring exact symmetry between the + 10 V and -10 V 
outputs. 


2. The AD688 offers l2-bit absolute accuracy without any user 
adjustments. 
Optional fine-trim connections are provided for 
applications requiring higher precision. The fme-trimming 
does not alter the operating conditions of the Zener or the 
buffer amplifiers and thus does not increase the temperature 
drift. 


3. Output noise of the AD688 is low - typically 6 fLVp-p. A 
pin is provided for broadband noise filtering using an exter- 
nal capacitor. 


4. The AD688 is available in versions compliant with MIL- 
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD688/883B data sheet for detailed 
specifications. 
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OUTPUT 
VOLTAGE ERROR 
+ 10V, -10V Outputs 
-5 
+5 
-2 
+2 
mV 


± 10V TRACKING 
ERROR 
-3 
+3 
-1.5 
+1.5 
mV 


OUTPUT 
VOLTAGE DRIFT 
+lOV, -10V Outputs 
o to + 70°C (A, B) 
±2 
-1.5 
+1.5 
ppmrc 
-40°C to + 85°C (A, B) 
-3 
+3 
-3 
+3 
ppmrc 
- 55°C to + 125°C (S) 
-6 
+6 
ppmrc 


GAIN AD] AND BAL AD]' 
Trim Range 
±5 
±5 
mV 
Input Resistance 
150 
150 
kfi 


LINE REGULATION 
Tmin to Tmax 
3 
-200 
+200 
-200 
+200 
fLVN 


LOAD REGULATION 
Tmin 
to Troax 
+10 V Output, O<IouT<lO 
mA 
±50 
±50 
fLV/mA 
-10 V Output, 
-IO<IouT<O 
mA 
±50 
±50 
fLV/mA 


SUPPLY CURRENT 
Tmin to Tmax 
9 
12 
9 
12 
mA 
Power Dissipation 
270 
360 
270 
360 
mW 


OUTPUT 
NOISE (ANY OUTPUT) 
0.1 Hz to 10 Hz 
6 
6 
fLVp-p 
Spectral Density, 100 Hz 
140 
140 
nV/y'Hz 


LONG TERM STABILITY 
(@; + 25°C) 
15 
15 
ppmll000 hours 


BUFFER AMPLIFIERS 
Offset Voltage 
100 
100 
fLV 
Offset Voltage Drift 
1 
1 
fLVrC 
Bias Current 
20 
20 
nA 
Open Loop Gain 
110 
110 
dB 
Output Current A3, A4 
-10 
+10 
-10 
+10 
mA 
Common Mode Rejection (A3, A4) 
VCM 
= 1 V p-p 
100 
100 
dB 
Shon-Circuit Current 
50 
50 
mA 


TEMPERATURE 
RANGE 
' 
< 


Specified Performance 
A, B Grades 
-40 
+85 
-40 
+85 
°C 
S Grade 
-55 
+125 
°C 


NOTES 
ISee Figure 2a for output configuration. 
Specifications tested using + 10 V output unless otherwise indicated. 
2Gain and balance adjustments guaranteed capable of trimming output voltage error and symmetry error to zero. 
'Test Condition: +Vs = +18 V, -Vs = -18 V; +Vs = +13.5 V, -Vs = -13.5 V. 


Specifications 
shown in boldface arc tested on all production units at final electrical test. Results from those tests arc used to calculate outgoing quality levels. 


All min and Max specifications are guaranteed. 


Specifications subject to change without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS· 
+Vs to -Vs 
36 V 
Power Dissipation (+ 25°C) 
Q Package 
600 mW 
Storage Temperature 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 
10 Seconds) 
+ 300°C 
Package Thermal Resistance 
Q (O]A/O]d 
120135°C/W 
Output Protection: 
All outputs safe if shorted to ground 


*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specifications is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
reliability 
. 


Part 
Initial 
Temperature 
Temperature 
Package 
Number' 
Error 
Coefficient 
Range - °C 
Option2 


AD688AQ 
5mV 
3 ppmJOC 
-40 to +85 
Q-16 
AD688BQ 
2mV 
3 ppmJOC 
-40 to +853 
Q-16 
AD688SQ 
5 mV 
6 ppm/°C 
-55 to + 125 
Q-16 
AD688/883B 
* 
* 
-55 to + 125 
* 


NOTE 
IFor 
details 
on grade 
and 
package 
offerings 
screened 
in accordance 
with 
MIL-STD-883, 


refer 
to the Analog 
Devices 
Military 
Products 
Databook 
or current 
AD688/883B 
data 
sheet. 


2Q = Cerdip. 
For 
outline 
information 
see Package 
Information 
section. 


3Temperature 
coefficient 
specified 
from 
0 to + 70°C. 
'Refer 
to AD688/883B 
milir,ry 
d,r, 
sheet. 
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AD688 


TOP 
VIEW 
(Not to Scale) 


NC PINS 
ARE 
USED 
AS 
TEST 
POINTS 
BY THE 
FACTORY. 
TO 
ENSURE 
PROPER 
OPERATION. 
DO 
NOT 
CONNECT 
ANYTHING 
TO THESE 
PINS. 


THEORY 
OF OPERATION 
The AD688 consists of a buried Zener diode reference, amplifi- 
ers and associated thin-film resistors as shown in the block 
diagram of Figure I. The temperature 
compensation circuitry 
provides the device with a temperature 
coefficient of 1.5 ppmJOC 
or less. 


Amplifier A1 performs several functions. AI primarily acts to 
amplify the Zener voltage to the required 20 volts. In addition, 
A1 also provides for external adjustment of the 20 V output 
through Pin 5, the GAIN ADJUST. 
Using the bias compensa- 
tion resistor between the Zener output and the noninverting 
in- 
put to AI, a capacitor can be added at the NOISE 
REDUCTION 
pin (Pin 7) to form a low pass filter and reduce 
the noise contribution 
of the Zener to the circuit. Two matched 
12 kfi nominal thin-film resistors (R4 and R5) divide the 20 V 
output in half. 


Ground sensing for the circuit is provided by Amplifier A2. The 
noninverting 
input (Pin 9) senses the system ground and forces 
the midpoint of resistors R4 and R5 to be a virtual ground. Pin 
12 (BALANCE ADJUST) can be used for fine adjustment of 
this midpoint transfer. 


Amplifiers A3 and A4 are internally compensated and are used 
to buffer the voltages at Pins 6 and 8 as well as to provide a full 
Kelvin output. Thus, the AD688 has a full Kelvin capability by 
providing the means to sense a system ground and provide 
forced and sensed outputs referenced to that ground. 


APPLYING THE AD688 
The AD688 can be configured to provide ± 10 V reference out- 
puts as shown in Figure 2a. The architecture 
of the AD688 pro- 
vides ground sense and uncommitted 
output buffer amplifiers 
which offer the user a great deal of functional flexibility. The 
AD688 is specified and tested in the configuration shown in Fig- 
ure 2a. The user may choose to take advantage of other configu- 
ration options available with the AD688; however performance 
in these configurations is not guaranteed to meet the stringent 
data sheet specifications. 


Unbuffered outputs are available at Pins 6 and 8. Loading of 
these unbuffered outputs will impair circuit performance. 


Amplifiers A3 and A4 can be used interchangeably. 
However, 
the AD688 is tested (and the specifications are guaranteed) with 
the amplifiers connected as indicated in Figure 2a. When either 
A3 or A4 is unused, its output force and sense pins should be 
connected and the input tied to ground. 


Two outputs of the same voltage polarity may be obtained by 
connecting both A3 and A4 to the appropriate unbuffered out- 
put on Pin 6 or 8. Performance in these dual output configura- 
tions will typically meet data sheet specifications. 


CALIBRATION 
Generally, the AD688 will meet the requirements 
of a precision 


system without additional adjustment. 
Initial output voltage 
error of 2 mV and output noise specs of 6 fLV p-p allow for ac- 
curacies of 12-16 bits. However, in applications where an even 
greater level of accuracy is required, 
additional calibration may 
be called for. The provision for trimming has been made 
through the use of the GAIN ADJUST and BALANCE AD- 
JUST pins (Pins 5 and 12, respectively). 


The AD688 provides a precision 20 V span with a center tap 
which is used with the buffer and ground sense amplifiers to 
achieve the ± 10 V output configuration. 
The GAIN ADJUST 
and BALANCE ADJUST 
can be used to trim the magnitude of 
the 20 V span voltage and the position of the center tap within 
the span. The GAIN ADJUST 
should be performed first. Al- 
though the trims are not interactive within the device, the 
GAIN trim will move the BALANCE trim point as it changes 
the magnitude of the span. 


Figure 2b shows the GAIN and BALANCE trims of the 
AD688. A 100 kfi 20-turn potentiometer 
is used for each trim. 
The potentiometer 
for the GAIN trim is connected between Pins 
6 (VH1GH) 
and 8 (VLOW) 
with the wiper connected to Pin 5 


(GAIN ADJ). The potentiometer 
is adjusted to produce exactly 
20 V between Pins I and IS, the amplifier outputs. The BAL- 


ANCE potentiometer, 
also connected between Pins 6 and 8 with 
the wiper to Pin 12 (BAL ADJ), is then adjusted to center the 
span from + 10 V to -10 V. 


Input impedance on both the GAIN ADJUST and the BAL- 
ANCE ADJUST pins is approximately 
ISO kfi. The GAIN AD- 
JUST trim network effectively attenuates the 20 V across the 
trim potentiometer 
by a factor of about II SO to provide a trim 
range of -5.8 
mV to + 12.0 mV with a resolution of approxi- 
mately 900 fLV/turn (20 turn potentiometer). 
The BALANCE 
ADJUST trim network attenuates the trim voltage by a factor of 
about 1250, providing a trim range of ±8 mV with a resolution 
of 800 fLY/turn. 


Trimming 
the AD688 introduces no additional errors over tem- 
perature, so precision potentiometers 
are not required. 


In cases when BALANCE ADJUST is not necessary, Pin 12 
should be left floating. If GAIN ADJUST is not required, 
Pin 5 
should also be left floating. 


NOISE PERFORMANCE AND REDUCTION 
The noise generated by the AD688 is typically less than 
6 fLVp-p over the 0.1 Hz to 10 Hz band. Noise in a I MHz 
bandwidth is approximately 
840 fLV p-p. The dominant source 
of this noise is the buried Zener which contributes approxi- 
mately 140 nV/ylHz. 
In comparison, the op amp's contribution 
is negligible. Figure 3 shows the 0.1 Hz to 10 Hz noise of a typ- 
ical AD688. 


If further noise reduction is desired, an optional capacitor may 
be added between the NOISE REDUCTION 
pin and ground as 
shown in Figure 2b. This will form a low pass fJ.1terwith the 


5 kO RB on the output of the Zener cell. A 1 fJ.Fcapacitor will 
have a 3 dB point at 32 Hz and will reduce the high frequency 
noise (to 1 MHz) to about 250 fJ.V p--p. Figure 4 shows the 
1 MHz noise of a typical AD688 both with and without a 1 fJ.F 
capacitor. 


Figure 4. Effect 
of 1 J-LFNoise 
Reduction 
Capacitor 
on 
Broadband 
Noise 


TURN-ON 
TIME 
Upon application of power (cold start), the time required for the 
output voltage to reach its final value within a specified error is 
the turn-on settling time. Two components normally associated 
with this are: time for active circuits to settle and time for ther- 
mal gradients on the chip to stabilize. Figure 5 shows the turn- 
on characteristics of the AD688. It shows the settling time to be 
about 600 fJ.S.Note the absence of any thermal tails when the 
horizontal scale is expanded to 2 mslcm in Figure 5b. 
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Figure 
5. Turn-On 
Characteristics 


Output turn-on time is modified when an external noise reduc- 
tion capacitor is used. When present, this capacitor presents an 
additional load to the internal Zener diode's current source, re- 
sulting in a somewhat longer turn-on time. In the case of a 1 fJ.F 
capacitor, 
the initial turn-on time is approximately 
100 ms (see 
Figure 6). 


When the NOISE REDUCTION 
feature is used, a 20 kO 
re- 
sistor between Pins 6 and 2 is required for proper startup. 


TEMPERATURE 
PERFORMANCE 
The AD688 is designed for precision reference applications 
where temperature 
performance is critical. Extensive tempera- 
ture testing ensures that the device's high level of performance 
is maintained over the operating temperature 
range. 


Figure 7 shows the typical output voltage drift for the 
AD688SQ and illustrates the test methodology. The box in Fig- 
ure 7 is bounded on the sides by the operating temperature 
ex- 
tremes and on top and bottom by the maximum and minimum 
+ 10 V output error voltages measured over the operating tem- 
perature range. The slopes of the diagonals drawn for both the 
+ 10 V and -10 V outputs determine the performance grade of 
the device. 
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Figure 
7. 
Typical 
AD688SQ 
Temperature 
Drift 


Each AD688A and B grade unit is tested at -40°C, 
- 25°C, O°C, 
+25°C, +50°C, +70°C and +85°C. Each AD688S grade unit is 
tested at -55°C, 
-25°C, 
+25°C, +70°C and + 125°C. This ap- 
proach ensures that the variations of output voltage that occur as 
the temperature 
changes within the specified range will be con- 
tained within a box whose diagonal has a slope equal to the 
maximum specified drift. The position of the box on the vertical 
scale will change from device to device as initial error and the 
shape of the curve vary. Maximum height of the box for the 
appropriate temperature 
range is shown in Figure 8. Duplication 


MAXIMUM 
OUTPUT 
CHANGE 
DEVICE 
mV 
GRADE 
OTO +70"C 
-4O"'CTO +85"C 
-55"<: 
TO +125"C 


i\UM~ will produce curves Similar to mose m t'lgure 
I, Out 
output readings may vary depending on the test methods and 
equipment utilized. 


KELVIN CONNECTIONS 
Force and sense connections, also referred to as Kelvin connec- 
tions, offer a convenient method of eliminating the effects of 
voltage drops in circuit wires. As seen in Figure 9a, the load 
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Figure 9. Advantage of Kelvin Connection 


A3, A4 Open-Loop Frequency 
Response 
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Input Noise Voltage Spectral 
Density 


proDlem oy mClUomg me wire resistance wltnm me Iorcmg lOOP 
of the amplifier and sensing the load voltage. The amplifier cor- 
rects for any errors in the load voltage. In the circuit shown, the 
output of the amplifier would actually be at 10 volts + VERROR 
and the voltage at the load would be the desired 10 volts. 


The AD688 has three amplifiers which can be used to imple- 
ment Kelvin connections. Amplifier A2 is dedicated to the 
ground force-sense function while uncommitted 
amplifiers A3 
and A4 are free for other force-sense chores. 


In some applications, one amplifier may be unused. In such 
cases, the unused amplifier should be connected as a unity-gain 
follower (force and sense pins tied together) and the input 
should be connected to ground. 


An unused amplifier may be used for other circuit functions as 
well. The curves on this page show the typical performance of 
A3 and A4. 
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DYNAMIC PERFORMANCE 
The output buffer amplifiers (A3 and A4) are designed to pro- 
vide the AD688 with static and dynamic load regulation superior 
to less complete references. 


Many AID and DIA converters present transient current loads to 
the reference, and poor reference response can degrade the con- 
verter's performance. 


Figure 10 displays the characteristic of the AD688 output ampli- 
fier driving a o-to-lO 
mA load. 
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Figure II displays the output amplifier characteristic driving a 
5 mA-to-lO 
mA load, a common situation found when the ref- 
erence is shared among multiple converters or is used to provide 
bipolar offset current. 
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capacitive in nature, or be connected to the AD688 by a long 
capacitive cable. Figure 12 displays the output amplifier charac- 
teristics driving a 1,000 pF, o-to-IO mA load. 


Figure 12a. Capacitive Load Transient Response Test 
Circuit 
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Figure 13 displays the crosstalk between output amplifiers. The 
top trace shows the output of A4, dc-coupled and offset by 10 
volts, while the output of A3 is subjected to a o-to-IO mA load 
current step. The transient at A4 settles in about I fLs,and the 
load-induced offset is about 100 fLV. 


Attempts to drive a large capacitive load (in excess of 1,000 pF) 
may result in ringing or oscillation, as shown in the step re- 
sponse photo (Figure 14a). This is due to the additional pole 
formed by the load capacitance and the output impedance of the 
amplifier, which consumes phase margin. The recommended 
method of driving capacitive loads of this magnitude is shown in 
Figure 14b. The ISO 0. resistor isolates the capacitive load from 
the output stage, while the 10 ko. resistor provides a dc feed- 
back path and preserves the output accuracy. The I fLFcapaci- 
tor provides a high frequency feedback loop. The performance 
of this circuit is shown in Figure 14c. 
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Figure 
14c. Output 
Amplifier 
Step Response 
Using 
Figure 
14b Compensation 


BRIDGE 
DRIVER CIRCUIT 
The Wheatstone bridge is a common transducer. 
In its simplest 
form, a bridge consists of 4 two-terminal elements connected to 
form a quadrilateral, 
a source of excitation connected along one 
of the diagonals and a detector comprising the other diagonal. In 
this unipolar drive configuration, 
the output voltage of the 
bridge is riding on a common-mode voltage signal equal to ap- 
proximately VlN/2. Further processing of this signal may neces- 
sarily be limited to high common-mode rejection techniques 
such as instrumentation 
or isolation amplifiers. However, if 
the bridge is driven from a pair of bipolar supplies, then the 
common-mode voltage is ideally eliminated and the restrictions 
on any processing elements that follow are relaxed. 


As shown in Figure IS, the AD688 is an excellent choice for the 
control element in a bipolar bridge driver scheme. Transistors 
QI and Q2 serve as series pass elements to boost the current 
drive capability to the 57 mA required by the typical 350 0. 
bridge. A differential gain stage may still be required if the 
bridge balance is not perfect. 


I-. 
ANALOG 
WDEVICES 


I 


FEATURES 
Improved, Lower Cost, Replacements 
for Stendard 
1403, 1403A 
3-Terminal 
Device: Voltege In/Voltage 
Out 
Laser Trimmed to High Accuracy: 
2.500V ±10mV (AD1403A) 
Excellent Temperature 
Stebility: 
25ppmfC 
(AD1403A) 
Low Quiescent 
Current: 
1.5mA max 
10mA Current Output 
Capability 
Low Cost 
Convenient 
Mini·DIP Package 


PRODUCT DESCRIPTION 
The AD1403 and AD1403A are improved three-terminal, 
low 


cost, temperature 
compensated, 
bandgap voltage references 
that provide a fixed 2.5Y output voltage for inputs between 
4.5Y and 40Y. A unique combination of advanced circuit de- 
sign and laser-wafer-trimmed 
thin-film resistors provides the 
AD1403/AD1403A 
with an initial tolerance of ±10mY and a 
temperature 
stability of better than 25ppmtC. 
In addition, 
the low quiescent current drain of 1.5mA (max) offers a clear 
advantage over classical Zener techniques. 


The AD1403 or AD1403A is recommended as a stable refer- 
ence for all 8-, 10- and 12-bit D-to-A converters that require 
an external reference. In addition, the wide input range of the 
AD1403/AD1403A 
allows operation with 5 volt logic supplies, 
making these devices ideal for digital panel meter applications 
and when only a single logic supply is available. 


The AD1403 and AD1403A are specified for operation over 
the 0 to +70·C temperature 
range. The AD580 series of 2.5 
volt precision IC references is recommended for applications 
where operation over the -55·C to +125·C range is required. 


Low Cost, Precision 
2.5V IC References 


AD1403/AD1403A* 
I 


PRODUCT HIGHLIGHTS 
1. The AD1403A offers improved initial tolerance over the 
industry-standard 
1403A: ±10mY versus ±25mY at a 
• 
lower cost. 


2. The three-terminal voltage in/voltage out operation of the 
AD1403/AD1403A 
provides a regulated output voltage 
without any external components. 


3. The AD1403/AD1403A 
provides a stable 2.5Y output 
voltage for input voltages between 4.5Y and 40Y making 
these devices ideal for systems that contain a single logic 
supply. 


4. Thin film resistor technology and tightly controlled bipolar 
processing provide the AD 140 3A with temperature 
stabili- 


ties of 25ppmtC. 


5. The low 1.5mA maximum quiescent current drain of the 
AD1403 and AD1403A makes them ideal for CMOS and 
other low power applications. 


AD1403/AD1403A-SPECIFICATIONS 
(V1N = 15V. TA = 25·& unless otherwise noted.) 


Otaracteristic 
, 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage 
. 


(10 = OmA) 
Vo 
AD1403 
2.475 
2.500 
2.525 
V 
AD1403A 
2.490 
2.500 
2.510 


Temperature Coefficient of Output Voltage 
b.Volb.T 
ppm/C 
AD1403 
- 
10 
40 
AD1403A 
- 
10 
25 


Output Voltage Change, 0 to +70·C 
b.Vo 
mV 
AD1403 
- 
- 
7.0 
AD1403A 
• 
- 
- 
4.4 
Line Regulation 
/ 
Regin 
mV 
(l5V~INoQl.OV) 
- 
1.2 
4.5 
(4.5~IN~15V) 
I 
- 
0.6 
3.0 


Load Regulation 
Regload - 
- 
10 
mV 
(OmA<lo<10mA) 


Quiescent Current 
. 
II 
- 
1.2 
1.5 
mA 
(10 = OmA) 


Rating 
Symbol 
Value 
Unit 
Input Voltage 
VIN 
40 
V 


Storage Temperature 
TSTG 
-25 to 100 
·C 


Junction Temperature 
TJ 
+175 
·C 


Operating Ambient 
Temperature Range 
TA 
o to +70 
·C 


Model 


ADI403 
ADI403A 


Initial 
Tolerance 


±25mV 
±10mV 


Package 
Option· 


N-8 
N-8 


Typical Performance Curves - AD 14031AD 1403A 
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Figure 2. 
Typical Changein VOUT vs. V,N 
(Normalized to VOUT@V/N=15V@TC=25"C) 
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Figure 3. Changein Output Voltage vs. Load Current 
(Normalized to Vour@ 
V,N = 15V, lour 
= OmA) 
----' 
- 
--- 
--- 
" 
" 
E 
I 
~ 
1.05 
a:a: 
::> 
\)•...zg 
a 


Figure 4. Quiescent Current vs. Temperature 
(V,N = 15V, lour= 
OmA) 
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Figure 5. Changein Vour 
vs. Temperature 
(Normalized to Vour@ 
V/N= 15V) 
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Figure 6. Changein VOUT vs. Temperature 
(Normalized to VOUT@ V/N= 
15V, 'OUT=OmA) 


Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. 
Historically, refer- 
ences are characterized using a maximum deviation per degree 
Centigrade; i.e., 10ppmlC. 
However, because of the inconsis- 
tent nonlinearities 
in zener references (butterfly 
or "S" type 
characteristics), 
most manufacturers 
use a maximum limit 
error band approach to characterize their references. This tech- 
nique measures the output voltage at 3 to 5 different tempera- 
tures and guarantees that the output voltage deviation will fall 
within the guaranteed error band at these discrete tempera- 
tures. This approach, of course, makes no mention or guarantee 
of performance 
at any other temperature 
within the operating 
temperature 
range of the device. 


The consistent Voltage vs. Temperature 
performance 
of a typi- 
cal AD1403 is shown in Figure 6. Note that the characteristic 
is quasi-parabolic, not the possible "S" type characteristics of 
classical zener references. This parabolic characteristic permits 
a maximum output deviation specification over the device's 
full operating temperature 
range, rather than just at 3 to 5 
discrete te_mperatures. 


The AD1403 exhibits a worst-case shift of 7.5mV over the en- 
tire range of operating input voltage, 4.5 volts to 40 volts. 
Typically, the shift is less than 1mV as shown in Figure 3. 


THE AD1403A AS A LOW POWER, LOW VOLTAGE 
PRECISION REFERENCE FOR DATA CONVERTERS 
The AD1403A has a number of features that make it ideally 
suited for use with AID and DI A data converters used in com- 
plex microprocessor-based 
systems. The calibrated 2.500 volt 
output minimizes user trim requirements 
and allows operation 
from a single low voltage supply. Low power consumption 
(1.5mA quiescent current) is commensurate 
with that of 
CMOS-type devices, while the low cost and small package 
complements the decreasing cost and size of the latest 
converters. 
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Figure 7. Low Power, Low Voltage Reference for the AD7524 
Microprocessor-Compatible 8-Bit DAC 
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AD752410w-cost 
8-bit CMOS DAC with complete micro- 
processor interface. The AD1403A and the AD7524 are 
specified to operate from a single 5 volt supply; this elimi- 
nates the need to provide a +15 volt power supply for the sole 
purpose of operating a reference. The AD7524 includes an 
8-bit data register, and address decoding logic; it may thus be 
interfaced directly to an 8- or 16-bit data bus. Only 300/lA of 
quiescent current from the single +5 volt supply is required 
to operate the AD7524 which is packaged in a small 16 pin 
DIP. The AD542 output amplifier is also low power, requiring 
only 1.5mA quiescent current. Its laser-trimmed offset voltage 
preserves the ±1/2LSB linearity of the AD7524KN without 
user trims and it typically settles to ±1I2LSB in less than 5 
microseconds. 
It will provide the 0 volt to -2.5 volt output 
swing from ±5 volt supplies. 


THE AD1403 AS A PRECISION PROGRAMMABLE 
CURRENT SOURCE 
The AD1403 is an excellent building block for precision 
current sources. Its wide range of operating voltages, 4.5V to 
40V, along with excellent line regulation over that range 
(7.5mV) result in high insensitivity to vatying load impedances. 
The low quiescent current (II) of 1.5mA (mix) and the maxi- 
mum specified maximum load current of 10mA allows the 
user to program current to any value between 1.5mAand 
10mA. 


Figure lOa shows the AD1403 connected as a current source. 
Total current is equal to the quiescent current plus the load 
current. Most of the temperature 
coefficient comes from the 
quiescent current term II, which has a typical TC of o.13%l c: 
(1300ppmlC). 
The load voltage (and hence current) TC is 
much lower at ±40ppml 
C max (AD 140 3). Therefore, the over-· 
all temperature 
coefficient decreases rapidly as the load cur- 
rent is increased. Figure lOb shows the typical temperature 
coefficient for currents between 1.5mA and 10mA. Use of an 
AD1403A will not improve the TC appreciably. 
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Figure 8a. The AD 1403 asa Precision Programmable 
Current Source 


Figure 8b. 
Typical Temperature Coefficient of Current 
Source 
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FEATURES 
Very High Accuracy: 
10.000 Volts ±2.5mV 
(L and U) 
Low Temperature 
Coefficient: 
3ppmfC 
Performance 
Guaranteed 
-55°C to +125°C 
10mA Output 
Current Capability 
Low Noise 
Short Circuit Protected 
Available as /8838 


PRODUCT 
DESCRIPTION 
The AD2700 family of precision 10 volt references offer the 
user excellent accuracy and stability at a moderate price by 
combining the recognized advantages of thin film technology 
and active laser trimming. 
The low temperature 
drift 
(3ppmtC) 
achieved with these technologies can be matched 
only by the use of ovens, chip heaters for temperature 
regu- 
lation, or with hand selected components 
and manual trim- 
ming. In addition, temperature-regulated 
devices are guaran- 
teed only up to +8So C operation, whereas the U- and S-grade 
devices in the AD2700 family are guaranteed to +12SoC. 


The AD2700 is a +10 volt reference which is designed to 
interface with high accuracy bipolar D/A 
converters of 10 


and 12 bit resolution. The 10mA output 
drive capability 
also makes the AD2700 ideal for use as a general positive 
system reference. 


The AD2701 is a negative 10 volt reference especially de- 
signed to interface with CMOS D/A 
and AID 
converters, as 
shown in the applications. For systems requiring a dual tracking 
reference, the AD2702 offers both positive and negative preci- 
sion 10 volt outputs in a single package. Both are often used 
with S2XX Series 12-bit AID converters which require 
-10V external references for high accuracy over wide 
temperature 
ranges. 


All three devices are offered in "J" and "L" grades for opera- 
tion from -2SoC 
to +8SoC 
and "S" and "u" grades for the 
-SSoC 
to +12SoC 
temperature 
range. Screening to MIL-STD- 
883 is available for "s" and "u" grades of the AD2700 
family. 


-To 10 Volt Precision 
Reference Series 


AD2700/ AD2701 /AD2702 
I 


FINE 
ADJUST 


12 


+FINE 
ADJUST 


3 • 


1 


-16.0V 
-FINE 
ADJUST 


PRODUCT HIGHLIGHTS 
1. Active laser trimming of both initial accuracy and temper- 
ature performance results in very high accuracy over the 
temperature 
range without external components. The 
AD2700/01/02 
LD grades have a maximum output 
voltage error at 2SoC of ±2.SmV 
with no external 
adjustments. 


2. The performance of the AD2700 series is achieved by a 
well-characterized design and precise control over the 
manufacturing process. 


3. The AD2700 series is well suited for a broad range of 
applications requiring an accurate, stable reference source 
such as high resolution data converters (12 or 14 bits), 
test and measurement systems and calibration standards. 


Model 


AD2700 
AD2701 
AD2702 


Output 


+10.000V 
-10.000V 
±10.000V 


AD2700/AD2701/AD2702 -SPECIFICATIONS 
(max or min @ E1N ±15V @ +25·C, 
RL = 2kO unless otherwise noted.) 


MODEL 
JD 
LD 
SD 
UD 


ABSOLUTE 
MAX RATINGS 
Input 
Voltage 
(for 
applicable 
supply) 
±20V 
Power 
Dissipation 
@ +2S·C 
- 
AD2700, 
01 
300mW 
- 
AD2702 
4S0mW 
Operating 
Temperarure 
Range 
-2S·C 
to +8S·C 
-SS·C 
to +12S·C 
Storage 
Temperarure 
Range 
-6S·C 
to +lS0·C 
Lead Temperature 
(soldering, 
10s) 
+300·C 
Shorr 
Circuit 
Protection 
(to GND) 
Continuous 


OUTPUT 
VOLTAGE 
ERROR@ 
+2S·C 
AD2700 
10.000V 
±O.OOSV 
±0.002SV 
AD2701 
-10.000V 
±O.OOSV 
±0.002SV 
AD2702 
±10.000V 
±O.OOSV 
±0.002SV 


OUTPUT 
CURRENT 
I - @ +2S·C 
±10mA 
(V1N = ±13 to ±18V) 
over op. temp. 
range 
±SmA 
+SmA, 
-2mA 
.. 


OUTPUT 
VOLTAGE 
ERROR 
- 
AD2700,Ol 
10ppml"C 
3ppml"C 
.. 


(Tmin to Tmax)2 
±11.0mV 
±4.3mV 
±8mV 
±S.SmV 
AD2702 
10ppm/·C 
Sppml"C 
•• 
3ppml"C 
±ll.OmV 
±S.SmV 
±10.0mV 
±S.SmV 


LINE 
REGULATION 


VIN = ±13.S 
to ±16.SV 
300IJVN 
LOAD 
REGULATION 
o to ±10mA 
SOIJV/mA 


OUTPUT 
RESISTANCE 
O.OSS'! 


INPUT 
VOLTAGE. 
OPERATING 
±13V 
to ±18V 


QUIESCENT 
CURRENT 
- 
AD2700. 
01 
±14mA 
- 
AD2702 
+17mA, 
-4mA 


NOISE 
(0.1 
to 
10Hz) 
SOIJV pop typ 


LONG 
TERM 
STABILITY 
(@ +SS·C) 
100ppm/1000 
Hrs. (typ) 


OFFSET 
ADJUST 
RANGE 
(See 
Diagrams) 
±20mV 
(min) 


OFFSET 
ADJUST 
TEMP 
DRIFT 
EFFECT 
±4IJVI"C 
per mV 
of Adjust 
(typ) 


PACKAGE 
OPTION3 
•• 
DH-l4C 
DH-14C 
DH-14C 
DH-l4C 


NOTES 
·Same 
as ")0" 
grade 
performance. 
··Same 
as "LO" 
grade 
performance. 


···Same 
as "SO" 
grade performance. 


I Specified 
with 
resistive 
load 
to common. 
Device 
not 
intended 
for 
use 
in driving 
a dynamic 
load. 
10utput 
voltage 
error as a function 
of temperature 
is determined 
using the box method. 


Each 
unit is tested 
at T min. T roax and +2S 
oC. 
At each 
temperature 
VOUT 
must 
fan 
within 
the rectangular 
arca bounded 
by the minimum 
and maximum 
temperature 
and 
whose 
maximum 
VOUT 
value 
is equal 
to VOUT 
nominal 
plus or minus 
the maximum 
+2SoC 
error plus the maximum 
drift error from 
+2SoC. 
The 
box 
limits 
are noted 
below 
the drift values 
used to calculate 
the box. 
, Analog 
Devices 
reserves 
the right to ship side·brazed 
ceramic 
packages 
(outline 
DH-14D) 
in lieu of the standard 
ceramic 
packages 
for J and 
L grade parts. 


4For outline information, 
see Package Information section. 
Specifications 
subject to change without notice. 


II 


*eXTERNAllOk 
POTENTIOMETER 
PROVIDES t.30mV OUTPUT OFF· 
SET ADJUST. TEMPERATURE 
EFFECT 
IS t,4,JVr 
PER mV OF 
OFFSET CORRECTION 
(EXTER· 
NAL ADJUSTMENT OPTIONAL). 


2 


FINE 
-10 
FINE 
·15 
ADJUST Your ADJUST 


+15V 


-15V 


+5V 


Using AD2702 Reference with the Fast, High Accuracy 
AD5215 - 
12-8it ADC 


AND AN IC AMPLIFIER TO BUILD A DAC 


The AD2700 series is ideal for use with the AD7520 series of 
CMOS D/A converters. A CMOS converter in a unipolar appli- 
cation as shown below performs an inversion of the voltage 
reference input. Thus, use of the +10 volt AD2700 reference 
will result in a 0 to -10 volt output range. Alternatively, 
using 


" 
AD2700 
OR 
13 
AD2701 
(1OVI 


1 
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5 AD7520 1 'ouT 1 
DIGITAL 
I 
INPUT 
I 


I 
'3 
BIT'O 
(lSBJ 


ANALOG 
OUTPUT 


-VR1• 
• (I 
- 2'10) 


-VREF 
(1/2 
+ 2-10) 


-VREF 
--,- 


-VREF 
(1/2 - 2-1°) 


-VR"" 
(2'10) 
o 


1111111111 


1000000001 


1000000000 


0111111111 


0000000001 


0000000000 


the -10 volt AD2701 will result in a 0 to +10 volt range. Two 
operational amplifiers are used to give a bipolar output range 
of -10 volt to +10 volt. as shown in the lower figure. Either 
the AD2700 or AD2701 can be used, depending on the trans- 
fer code characteristic desired. For more detailed applications 
information, 
refer to the AD7520 Data Sheet. 
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USING THE AD2700 VOLTAGE REFERENCE WITH 
D/A CONVERTER 
An AD2700 Voltage Reference can be used with an inverting 
operational amplifier and an R-2R ladder network. If all bits 
but the MSB are off (i.e., grounded), the output voltage is 
(-R/2R)EREF. 
If all bits but Bit 2 are off, it can be shown 
that the output voltage is ~(-RI2R)~EF 
= I4~EF: 
The 
lumped resistance of all the less-significant-bit circuitry (to 
the left of Bit 2) is 2R; the Thevenin equivalent looking 
back from the MSB towards Bit 2 is the generator, 
~EF/2, 
and the series resistance 2R; since the grounded MSB series 


DIGITAL 
INPUT CODe 
LSB 
81T3 
BI12 
I 
I 
I 


resistance, 2R, has virtually no influence - because the 
amplifier summing point is at virtual ground - the output 
voltage is therefore 
-~EF/4. 
The same line of thinking can 
be employed to show that the nth bit produces an increment 
of output 
equal to 2-n EREF. 


BIT 2 SWITCH CLOSED 
I: 
III 
I 
I 
R 
\ 
LUMPED RESISTANCE 
OF lESS-$tGNIFICANT 
BITS 
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FEATURES 
Laser Trimmed to High Accuracy: 10.000V 
± 1.0mV 
Low Temperature Coefficient: 
1ppmfC 
(L Grade) 
Excellent Long Term Stability: 
25ppm/1000hrs. 
5mA Output Current Capability 
Low Noise: 30J./V pop 
Short Circuit Protlfe:ted 
No Heatar Utilized 
Small Size (Standard 14-Pin DIP Package) 


PRODUCT 
DESCRIPTION 
The AD2710 
and AD2712 
are temperature-compensated, 
hybrid voltage references which provide precise 10.000V 
out- 
put from an unregulated 
input level from 13.5 to 16.5 volts. 
Active laser trimming 
is used to trim both the initial error at 
+2SoC as well as the temperature 
coefficient, 
which results in 
ultra high precision performance 
previously 
available only in 
oven-regulated 
modules. The 1.0mV maximum 
initial error 
and 1ppm/C 
guaranteed 
maximum 
temperature 
coefficient 
of the AD2710L 
and AD2712L 
represent 
the best perform- 
ance combination 
available without 
using ovens or heated 
substrates 
for temperature 
regulation. 


The AD2710 series of precision 
10.000 volt references 
offer 
the user unequalled 
accuracy 
and stability with performance 
guaranteed 
over the 0 to +70 
oC temperature 
range. The devices 
combine the recognized 
advantages of thin film technology 
and active laser trimming with a unique integrated 
ceramic 
package design to provide an excellent 
reference for use in 
applications 
requiring high accuracy and stability. 


The AD2710 
is recommended 
for use as a reference 
for 10-, 


12- and 14-bit D/A converters 
which require an external 
refer- 


ence. The device is also suitable for many types of high resolu- 
tion AID converters, 
either successive approximation 
or inte- 
grating designs. The SmA output 
drive capability 
of the device 


also makes the AD2 710 ideal for use as a master system 
reference. 


For systems requiring a dual tracking reference, 
the AD2712 
offers both positive and negative outputs 
in a single package. 
All units are packaged in an integrated 
ceramic 14-pin side- 
brazed package offering superior reliability 
over other package 


designs. 


-+ 10.000 Volt Ultrahigh 
Precision Reference Series 


AD2710/AD2712 
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FINE 
ADJUST 
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+FINE 
ADJUST 
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ADJUST 


PRODUCT 
HIGHLIGHTS 
1. Active laser trimming 
of both initial accuracy 
and tempera- 
ture coefficient 
results in very high accuracy 
over the tem- 


perature 
range without 
the use of external 
components. 
AD2710 has a maximum 
deviation 
from 10.000 volts of 
±l.oOmv at 25°C with no external 
adjustments. 


2. The AD2710 
and AD2712 
are well suited for a broad range 
of applications 
requiring an accurate, 
stable reference 
source 
such as data converters, 
test and measurement 
systems and 
calibration 
standards. 


3. The performance 
of the AD2710 series is achieved by a 
well-characterized 
design and close control 
over the manu- 


facturing 
process. This eliminates 
the need for temperature- 
controlled 
ovens to provide stability. 


4. The advanced multilayer 
integrated 
ceramic package results 
in superior electrical performance 
as well as inherent 
high 
reliability . 


AD271O/AD2712 -SPECIFICATIONS 
(typical @ Vs ±15Vafter a 5 minute warm-up at +25°C, 
no load condition unless otherwise specified) 


Model 
AD2710KN 
AD2710LN 
AD2712KN 
AD2712LN 
ABSOLUTE MAXIMUM RATINGS 
Input Voltage (for applicable supply) 
±18V 
Power Dissipation 
@ +2SoC 
300mW 
4S0mW 
•• 
Operating Temperature 
Range 
o to +70 


oC 
Storage Temperature 
Range 
-55°C 
to +lOO°C 


Lead Temperature 
(soldering, 20s) 
+260°C 


Shon Circuit Protection (to GND) 
Continuous 
OUTPUT VOLTAGE ERROR' 


+2SoC 
±l.OmV max 


OUTPUT VOLTAGE TEMPERATURE 
COEFFICIENT' 
+lOV Output 
+2SoC to +70°C 
±2ppm/C 
max 
±lppm/C 
max 
±2ppm/C 
max 
±lppm/C 
max 
o to +2SoC 
±Sppm/C 
max 
.3 
. 
.3 


-IOV Ourput4 
+25°C to +70°C 
Not Applicable 
Not Applicable 
±3ppmfC 
max 
±2ppmfCmax 
o to +2SoC 
Not Applicable 
Not Applicable 
±SppmfCmax 
.. 


LINE REGULATION 


Vs = ±13.S 
to ±16.Ss 
12S/lV/V(200/lVIV 
max) 


OUTPUT CURRENT 
10mA 


LOAD REGULATION 
10 =0 to ±SmA 
SO/lV/mA(lOO/lV/mA 
max) 


OUTPUT RESISTANCE 
O.OSn 


INPUT VOLTAGEs 


Operating Range 
±13V to ±18V 


Specified Performance 
±13.SV 
to ±16.SV 


QUIESCENT SUPPLY CURRENT 
VS+ 
9mA( l4mA max) 
l2mA (l6mA max) 
VS_s 
Not Applicable 
Not Applicable 
2mA (4mA max) 
•• 


NOISE 


0.1 to 10Hz 
30/lV 
pop 
LONG-TERM STABILITY 
TA = +2SoC 
2Sppm/lOOO 
Hours 


EXTERNAL TRIM RANGE" 
±lOmV 


PACKAGE OPTION' 
DH-14D 


NOTES 
·Same 
asAD2710KN. 
··Same 
asAD2712KN 
performance. 


1 Specifications 
apply 
to both 
outputs 
of the AD2712. 


:I Refer 
to next 
page for definition 
of temperature-related 
error specifications. 


'The 
AD2710LN 
and AD2712LN 
outputs 
are guaranteed 
for a maximum 
±2ppmfC 
temperature 


coefficient 
over the +lSoC 
to +2SoC 
temperature 
range. 
Refer 
to Figure 
1. 


4The 
+10V 
and -IOV 
outputs 
of the AD2712 
typically 
track within 
±lppmfC 
over the specified 
temperature 
range. 


S Negative 
power 
supply 
not 
required 
for AD2110. 
• Use of the output trim will change the temperature coefficient approximately O.3ppmfC for each 
millivolt of adjustment. 


7 For outline information 
see Package Information section. 


Specifications 
subject to change without notice. 


Applying the AD2710/AD2712 


UNDERSTANDING THE SPECIFICATIONS 
The AD2710 and AD2712 precision references are designed 
for applications requiring both the lowest possible initial error 
at room temperature 
and the lowest possible temperature 
drift. 


The specification for initial error is relatively straight-forward, 
and is the absolute error from exactly 10.000Y. The specifica- 
tion for temperature 
drift, however, must be explained. 


Various methods have been used to specify the temperature 
drift of voltage references, including the "butterfly", 
"box", 
and "modified-box" 
(or total error) methods. The AD2710 
and AD2712 are specified with the "butterfly" 
method. 


Using three or more temperatures 
provides the user with a 
tighter drift specification, eliminating possible mid-range ex- 
cursions. The AD2710 and AD2712 have been designed and 
characterized as having a smooth drift curve with a virtually 
straight segment from +2SoC to +70 
0C. The typical curve as 
shown is concave downward and gradually increases slope 
near OOC. 


As can be seen from Figure 1, the AD2710L and AD2712L 
+10Y outputs will exhibit a maximum temperature 
coefficient 
of ±1ppm/C 
(±2ppm/oC for "K" grade) from +2SoC to 
+70 
0C. Over the short range between +1SoC and +2SoC, the 
AD2710L and AD2712L +10Y outputs have a maximum 
drift of only ±2ppm/o C and a maximum drift of ±Sppm/ 
C 
from 0 to +1SoC. The negative output of the AD2712L has a 
similar temperature 
coefficient characteristic with a maximum 
slope of ±2ppm/ 
C from +25°C to +70° C. This limit continues 
from +2SoC to +1SoC and then increases to a ±Sppm/C 
maximum slope from +15°C and O°C. Every unit is 100 per- 
cent tested and guaranteed to meet these specifications over 
the full 0 to +70 
0C temperature 
range. 


Figure 1. Maximum Changefrom +10V Output from +2!t'C 
Value vs. Temperature 


All grades of the AD2710 and AD2712 are tested after a five 
minute warm-up period. This warm-up allows the entire circuit 
to attain thermal equilibrium. The warm-u p drift is approxi- 
mately 500 microvolts and is completely settled approxi- 
mately three minutes after tum-on. Figure 2 shows the 
rypical warm-up characteristics 
of the AD2710. 
.• 
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Figure 2. AD2710 
Typical Warm-Up Drift 


USING THE AD2710 AS A DAC REFERENCE 
Digital-te>-analogconverters require a reference to establish 


the full scale output range. It is this reference which will ulti- 
mately determine the absolute accuracy of the converter. 
While many converters include internal reference sources, 
better overall performance 
can be obtained if a higher preci- 
sion external reference is used. 


Figure 3. Low Drift 
12-Bit D/A Converter 


Figure 3 shows the AD2710used 
with theADS66Ahigh-speed 
12-bit DAC. The ADS66AKD is laser trimmed for ±1I4LSB 
maximum nonlinearity, 
and exhibits a gain temperature 
coef- 
ficient of 3ppm/C. 
Use of the AD2710LN reference will 
result in a worst case total gain temperature 
coefficient 
of 
4ppm/C. 
After initial calibration of the DAC scale factor at 
room temperature, 
12-bit absolute accuracy can be maintained 
over the +1SoC to +70 
0C temperature 
range. The high output 
6 


current capability of the AD2710 allows it to serve as a refer- 
ence for up to 10 such converters in a system. 


The resolution of the ADS66A can be extended as shown in 
Figure 3 by summing the output of another DAC. In this ex- 
ample, an ADSS9 is used to provide 4 additional bits. Since 
the ADSS9 is driven from the same AD2710 reference as the 
ADS66A which provides the higher-order bits, and uses a 
similar internal thin-film resistor ladder, it will exhibit first- 
order temperature 
tracking. While this circuit provides 16-bits 
of resolution, it is only as accurate as the ADS66A used for 
the most significant bits. Use of an ADS66AKD will typically 
achieve ±0.003% accuracy (±1/2LSB 
at 14 bits). 


1010to-lmA,,.- 


lent aOsolute accuracy and low temperature 
drift allow low- 
cost measurement 
systems to offer high levels of performance. 


The AD7555 is a 4~/5~ 
digit ADC subsystem which uses the 


quad-slope conversion technique to achieve high accuracy at 


NOTES' 


1. 
RI 
ell/ALUES 
SHOWN 
ARE 
FOR 
5 112 DIGIT 
!'¥lODE. 
FOR" 
112 OtGIT 
MODE 
A•• 
3601<, C1 .0.22jlF. 


SUITABLE 
CAPACITORS 
AVAILABLE 
FROM 
COMPONENT 
RESEARCH 
CO. INC •• 1655 
26th 
STREET, 


SANTA 
MONICA, 
CA. to404. 
(STOCK NUMBER 
fOR 
O.2~F 
CAPACITOR 
IS D118224KXWI. 


2. 
Rot, RS, 
R11'l1. 
TOLERANCE 


3. 
Al. 
RJ SHOULD 
TRACK 
WITHIN 
o.6ppmfc. 
EITHER 
BULK 
METAL 
OR WIRE·WOUND 
RESISTORS 


(OR A THIN·fILM 
NETWORK 
I SHOULD 
BE USED. 
R2 SHOULD 
BE A LOW·TC 
TYPE 
POTENTIOMETER 


OR A SELECTED 
lOW 
DRIFT 
FIXED 
RESISTOR. 


·OPTIONAL 
10k 
POTENTIOMETER 
PROVIDES 


nOmIl 
OUTPUT 
TRIM. 
TEMPERATURE 
ORIFT 
INCREASESO.39Pn!fc 
PER 
",1/ Of 
FINE 


ADJUSTMENT 


______ 
. 
••••••••• 
""'•••.•.•.••••••••.•••" •.•••."Vl. 
UJ.IJ.l 
1.2pp~fc 
is'possible using the AD2710L reference and medi- 
um-precision external amplifiers. This represents a full scale 
drift of less than ±10 counts in ±200,OOOfrom +15°C to 
+45 
0 C. Less than 1 count of drift will occur in the 4 1/2 
digit modc. 


The AD7555 was designed for use with a 4.096V reference, 
which produces a ±2 volt input range. When the AD2710 is 
used, the input range is increased to ±4.88281 V (24.4j.LVI 
count). The new scaling can be handled either by using a preci- 
sion gain stage before the AD7555 analog input as shown or by 
using a microprocessor 
to digitally correct the scale. The acrual 


input signal value can be computed by multiplying 
the count 
produced by the AD7555 by VREFl (lO volts in this case), and 
dividing the result by 409600. Details of the digital circuitry 
of the AD7555 can be found on the AD7555 data sheet. 


It should be noted that when the AD75 55 is used with the 
AD2710 10 volt reference, it is necessary to use a VCCgreater 
than 10 volts. Thus thqligital 
inputs and outputs of the ADC 


will be compatible with CMOS logic levels. 


A~~jST 
~~'iJT A~~JST 
+15V 


13 
12 


, 


FINE 
ADJUST 


3 


FINE 
ADJUST 


REF-Ol 


FEATURES 


• 
10 Volt Output 
±0.3% Max 
• 
Adjustment 
Range 
±3% Mln 
• 
Excellent Temperature Stability 
8.5ppm/o C Max 
• 
Low Noise 
30/,Vp_p Max 
• 
Low Supply 
Current 
1.4mA Max 
• 
Wide Input Voltage Range 
12V to 40V 
• 
High Load-Driving 
Capability 
20mA 
• 
No External Components 
• 
Short-Circuit 
Proof 
• 
MIL-STD-883 Screening Available 
• 
Available in Die Form 


ORDERING 
INFORMATION 
I 


PACKAGE 
Ta = 25°C 
OPERATING 
AVos MAX 
CERDIP 
PLASTIC 
LCC 
TEMPERATURE 
(mY) 
To-99 
8-PIN 
8-PIN 
~ONTACT 
RANGE 


±30 
REF01AJ* 
REF01AZ* 
MIL 
±30 
REF01EJ 
REF01EZ 
COM 
±50 
REF01J* 
REF01Z* 
REF01 RC/883 
MIL 
±50 
REF01HJ 
REF01HZ 
REF01HP 
COM 
±100 
REF01CJ 
REF01CZ 
COM 
±100 
REF01CP 
XIND 
±100 
REF01CStt 
XIND 


* 
For devices processed 
in total compliance 
to MIL·STO-883, 
add /883 after part 
number. 
Consult factory for 883 data sheet. 


Burn-in is available 
on commercial 
and industrial 
temperature 
range parts in 
CerDIP, 
plastic 
DIP, and TO-can 
packages. 


tt 
For availability 
and burn-in information 
on SO and PLCC packages, 
contact 
your local sales office. 


GENERAL 
DESCRIPTION 


The REF-01 precision 
voltage reference 
provides a stable 


+10V output which can be adjusted over a ±3% range with 
minimal effect on temperature stability. Single-supply 
opera- 


tion over an input voltage range of 12V to 40V, low current 
drain of 1mA, and excellent temperature stability are achieved 
with an improved bandgap design. Low cost, low noise, and 
low power make the REF-01 an excellent choice whenever a 
stable voltage reference is required. Applications 
include D/A 
and AID converters, 
portable 
instrumentation, 
and digital 


voltmeters. 
Full military 
temperature 
range 
devices with 
screening 
to MIL-STD-883 
are available. 
For guaranteed 
long-term drift see the REF-10 data sheet. 


N.C.• 
N.CO' 
IN.C. 


VIN Z 
6 VOUT 


N.C. 3 
5 TRIM 


4 
GROUND 
(CASE) 
TO-99 
(J-Sufflx) 


,,,:. . 


V1N 
5 


NC. 
• 


EPOXY MINI-DIP 
(P-Sufflx) 


8-PIN HERMETIC DIP 
(Z-Sufflx) 


8-PIN SO 
(S-Sufflx) • 


REF-01RC/883 
LCC 
(RC-Sufflx) 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Note 
1) 
Input Voltage 
REF-01, 
A, E, H, RC, All DICE 
40V 
REF-O 1C 
30V 
Output 
Short-Circuit 
Duration 
(to Ground 
or VIN) 
Indelinite 
Storage 
Temperature 
Range 
J, RC, and Z Packages 
-65' 
C to + 150'C 
P Package 
-65'C 
to + 125°C 


Operating 
Temperature 
Range 
REF-01 A, REF-01, 
REF-01 RC 
-55'C 
to + 125'C 
REF-01 E, REF-01 
H, 
REF-01 CJ, REF-01 CZ .............•••..................... 
O°C to +70'C 
REF-01 CP, REF-01 CS 
-40°C 
to +85°C 


Junction 
Temperature 
(Tj) 
-65·C 
to +150°C 
Lead Temperature 
(Soldering, 
60 see) 
300°C 


e,A (NOTE 2) 


170 


162 


110 


120 


160 


80 


·C/w 


·C/w 


·C/W 


TO-99 
(J) 


8-Pin Hermetic 
DIP (Z) 


8-Pln Plastic DIP (P) 


20-Contact 
LCC (RC) 


8-Pin SO (S) 


20·Contact 
PLCC (PC) 


NOTES: 
1. 
Absolute 
maximum 
ratings 
apply to both DICE and packaged 
parts, 
unless 
otherwisB 
noted. 
2. elA Is specified 
tor worst case mounting 
conditions, 
i.e., 8/A Is specified 
for 
device In socket for TO, CerDIP, 
P-DIP, and LCC packages; aJAIs specified 
for device soldered 
to printed circuit board for SO and PLCC packages. 


·C/w 


·C/W 


·C/w 


REF-01A1E 
REF-01/H 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Output 
VOltage 
Vo 
IL =0 
9.97 
10.00 
10.03 
9.95 
10.00 
10.05 
V 


Output 
Adjustment 
Range 
.:1Vtrim 
Rp= 
10kO 
±3.0 
±3.3 
±3.0 
±3.3 
'lI. 


Output 
VOltage Noise 
8np-p 
O.lHz to 10Hz (Note 6) 
20 
30 
20 
30 
!,Vp-p 


Line Regulation 
(Note 4) 
V,N = 13V to 33V 
0.006 
0.010 
0.006 
0.010 
'lI.N 


Load Regulation 
(Note 4) 
IL =Oto 
10mA 
0.005 
0.008 
0.006 
0.010 
'lVmA 


Turn.-on settling 
Time 
ton 
To ±0.1'l1. affinal 
value 
5 
5 
I'S 


Quiescent 
Supply 
Current 
ISY 
No Load 
1.0 
1.4 
1.0 
1.4 
mA 


Load Current 
IL 
10 
21 
10 
21 
mA 


Sink Current 
's 
(Note 7) 
-0.3 
-0.5 
-0.3 
-0.5 
mA 


Short-Circuit 
Current 
Ise 
Vo~O 
30 
30 
mA 


ELECTRICAL 
CHARACTERISTICS 
at V,N = + 15V, -55'C:5:T 
A:5:+ 125°C lor REF-01 
AlE, and O°C:5:TA:5:+70'C 
lor REF-01 
Hand 


IL = OmA, unless 
otherwise 
noted. 


REF-01A1E 
REF-01/H 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


0.02 
0.06 
0.Q7 
0.17 


0.06 
0.15 
0.18 
0.45 
'lI. 


3.0 
8.5 
10.0 
25.0 
ppm/oC 


0.7 
0.7 
ppm/'ll. 


0.007 
0.012 
0.007 
0.012 
'lI.N 
0.009 
0.015 
0.009 
0.015 


0.006 
0.010 
0.007 
0.012 


0.007 
0.012 
0.009 
0.015 
'lVmA 


Ouput 
Voltage 
Change 
with 


Temperature 
(Notes 
I, 2) 


Output 
Voltage 


Temperature 
Coefficient 


Change 
in Vo Temperature 
Coefficient 
with Output 


Adjustment 


Line Regulation 


(V,N = 13V to 33V) (Note 4) 


Load Regulation 


(lL = 0 to 8mA) 
(Note 4) 


OOCSTAS+70·C 


-55"CSTAS+125"C 


ooe S TA$+70°C 
-55°CST"S+125°C 
ooe S TA,:S+70°C 
-55°CSTAS+125°C 


NOTES: 
1. 
.:1VOT is defined 
as the absolute 
difference 
between 
the maximum 
output 
voltage 
and the minimum 
output 
voltage 
over the specified 
temperature 
range expressed 
as a percentage 
of 10V: 


t!.V 
=IV""'- 
VM1N Ix 100 
OT 
10V 


2. 
l1VOT specification 
applies 
trimmed 
to +10.000V 
or untrimmed. 


3. 
TCVo 
is defined 
as l1VoTdivided 
by the temperature 
range. 
i.e., 


t!.VOT (-55· 
to +125"C) 


and TCVo (-55" 
to +125"C) 
= 
180"C 


4. 
Line and Load Regulation 
specifications 
include the effect of self heating. 


5. 
Guaranteed 
by design. 


6. 
Sample tested. 


7. 
During sink current test the device meets the output 
voltage specified. 


ELECTRICAL CHARACTERISTICS 
at VIN = +15V,TA = 25·C, unless otherwise noted. 


REF-01C 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TVP 
MAX 
UNITS 


Output 
Voltage 
Vo 
Il =OmA 
9.90 
10.00 
10.10 
V 


Output 
Adjustment 
Range 
AVtrim 
Rp= 
10kO 
±2.7 
±3.3 
'lb 


Output 
Voltage 
Noise 
8np_p 
0.1Hz to 10Hz (Note 
6) 
25 
35 
!,Vp-p 


Line Regulation 
(Note 4) 
V,N = 13V to SOV 
0.009 
0.015 
%IV 


Load Regulation 
(Note 4) 
Il = Oto 8mA 
0.006 
0.015 
'lb/mA 


Turn·on 
Settling 
Time 
tON 
To ±O.1% of final value 
I'S 


Quiescent 
Supply 
Current 
ISY 
No Load 
1.0 
1.6 
mA 


Load Current 
Il 
8 
21 
mA 


Sink Current 
Is 
(Note 
7) 
-0.3 
-0.5 
mA 


Short-Circuit 
Current 
Ise 
Vo=O 
30 
mA 


ELECTRICAL CHARACTERISTICS 
atVIN = +15V·C 5OTA5O+70·Cfor REF-01CJ. CZ. -40·C 5OTA5O+85·Cfor REF-01CP,CS, 
unless otherwise noted. 


REF-01C 
MIN 
TVP 
MAX 
UNITS 


0.14 
0.45 
'lb 


20 
65 
ppmrc• 


0.7 
ppm/'lb 


0.011 
0.018 
%IV 


0.006 
0.Q18 
'lbImA 


Ouput 
VOltage Change 


with Temperature 


Output 
Voltage 


Temperature 
Coefficient 


Change 
in Vo Temperature 


Coeffieient 
with 
Output 


Adjustment 


Line Regulation 
(Note 4) 


Load Regulation 
(Note 
4) 


V,N = 13V to SOV 


Il=Ot05mA 


NOTES: 
1. 
AVor 
is defined 
as the absolute 
difference 
between 
the maximum 
output 
Yoltage and the minimum 
output 
voltage 
over the specified 
temperature 
range expressed 
as a percentage 
of 10V: 


AV 
=IVMAX-VM1Nlx 
100 
or 
10V 


2. 
AVOTspecification 
applies trimmed 
to +10.00QV or untrimmed. 


3. 
TCVo is defined as AVOT divided 
by the temperature 
range, Le., 


The REF-01 trim terminal can be used to adjust the output 
voltage over a 10V ±300mV range. This feature allows the 
system designer to trim system errors by setting the refer- 
ence to a voltage other than 10V.Of course, the output can 


TCV 
= AVor 
o 
70'C 


4. 
Line 
and 
Load 
Regulation 
specifications 
include 
the 
ellect 
of 
sell 
heating. 


5. 
Guaranteed 
by design. 


6. 
Sample 
tested. 
7. 
During sink current 
test the device meets the output 
voltage specified. 


also be set to exactly 
10.0OQV,or to 10.240V for binary 
applications. 


Adjustment of the output does not significantly 
affect the 
temperature 
performance of the device. The temperature 
coefficient change is approximately 0.7 ppm/· C for 100mVof 
output adjustment. 


2. INPUT VOLTAGE (VI,.) 
4. GROUND 
5. TRIM 
8. OUTPUT 
VOLTAGE (VOUT) 


DIE SIZE 0.074 X 0.048 inch, 3552 sq. mils 
(1.88 X 1.22 mm, 2.29 sq. mm) 


WAFER TEST 
LIMITS 
at V1N= 
+15V, 
TA = 25°C 
for 
REF-Q1 
Nand 
REF-Q1G 
devices; 
TA = 125°C 
for 
REF-Q1 
NT 
and 
REF-Q1GT 


devices, 
unless 
otherwise 
noted. 
(Note 
1) 


REF-01NT 
REF-01N 
REF-01GT 
REF-01G 
PARAMETER 
SYMBOL 
CONDITIONS 
LIMIT 
LIMIT 
LIMIT 
LIMIT 
UNITS 


10.05 
10.03 
10.10 
10.05 
V MAX 
Output 
Voltsge 
Vo 
Il =0 
9.95 
9.97 
9.90 
9.95 
VMIN 


Output 
Adjustment 
Vtr1m 
Rp= 
10kO 
±3.0 
±3.0 
%MIN 
Range 


Line Regulation 
V'N ~ 13V to 33V 
0.015 
0.01 
0.015 
0.01 
'foIV MAX 


NOTE: 
Electrical 
tests 
are performed 
at wafer 
probe 
to the limits 
shown. 
Due to variations 
in assembly 
methods 
and normal 
yield 
loss. yield 
after 
packaging 
is not 
guaranteed 
for standard 
product 
dice. 
Consult 
factory 
to negotiate 
specifications 
based on dice lot qualification 
through 
sample 
lot assembly 
and testing. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 
at 
VIN = +15V, 
TA = 25°C, 
unless 
otherwise 
noted. 


REF-01NT 
REF-01N 
REF-01GT 
REF-01G 
PARAMETER 
SYMBOL 
CONDITIONS 
TYPICAL 
TYPICAL 
TYPICAL 
TYPICAL 
UNITS 


Load Regulation 
Il ~Oto 10mA 
0.007 
0.005 
0.009 
0.006 
%/mA 


Il = 0 to 8mA, NT, GT@+125'C 


Output 
Voltage 
Noise 
8np-p 
0.1Hz to 10Hz 
20 
20 
20 
20 
••Vp-p 


Turn-On 
Settling 
To ±0.1% 
of Final Value 
7.5 
5.0 
7.5 
5.0 
Time 
tON 
NT,GT@+125'C 
••s 


Quiescent 
Current 
ISY 
No Load, NT, GT@+125'C 
1.4 
1.0 
1.4 
1.0 
mA 


Load Current 
Il 
21 
21 
21 
21 
mA 


Sink Current 
Is 
-0.5 
-0.5 
-0.5 
-0.5 
mA 


Short-Circuit 
Current 
Isc 
Vo=O 
30 
30 
30 
30 
mA 


Output 
Voltage 
TCVo 
10 
10 
10 
10 
ppm/'C 
Temperature 
Coefficient 


NOTE: 
1. 
For + 25' C specifications 
of REF-01 NT and REF-01 GT, see REF-01 Nand 


REF-ol G respectively. 


LINE REGULATION 
vs FREQUENCY 


w 
~ 26 
~~N,.,-~~yc 
,. 


MAXIMUM LOAD CURRENT 
vs INPUT VOLTAGE 


ou'rpUT 
WIDEBAND 
NOISE vs BANDWIDTH 
(O.1Hz 
TO FREQUENCY INDICATED) 


0.0031 
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NORMALIZED 
LOAD 
REGULATION 
(aIL = 10mA) 
vs TEMPERATURE 
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POS. FULL-SCALE 
-1 LSB 
+4.960 


ZERO-SCALE 
0 
0 
0 
0 
0 
0 
0.000 


NEG. FULL-SCALE 
+1 LSB 
0 
0 
0 
0 
0 
0 
0 
-4.960 


TRIM 
GNO 
• 


lOUT 


2 


V,N 


PRECISION CURRENT SOURCE 


A current source with 25V output compliance 
and excellent 


output impedance can be obtained using this circuit. REF-01 
®kee~he 
line voltage and power dissipation 
constant in 
device \!J; the only important 
error consideration 
at room 
temperature 
is the negative supply rejection of the op amp. 


The typical 3pVIV PSRR of the OP-02E will create an 8ppm 
change (3pVIV x 25V11OV)in output current over a 25V range. 
For example, a 10mA current source can be built (R = 1kO) 
with 300MO output impedance. 


Ro = 
25_V 
__ 


8 x 10-6X 10mA 


+SOV 
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V,N 
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REF-Ol 
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GNO 
• 


Vo 


REF-ol 
R 
{TRIM 
FOR 
CALIBRATION} 


SUPPLY BYPASSING 


For best results, it is recommended 
that the power supply pin 


is bypassed with a 0.1pF disc ceramic capacitor. 


REFERENCE STACK WITH EXCELLENT LINE 
REGULATION 


Three REF-01's can be stacked to yield 10.000,20.000, 
and 
30.000V outputs. An additional advantage is near-perfect line 
regulation 
of the 10.0V and 20.0V output. A 32V to 60V input 
change produces 
an output 
change which is less than the 
noise voltage of the devices. A load bypass resistor 
(RB) 


provides a path for the supply current 
(Isy) of the 20.000V 
regulator. 
In general, any number of REF-Q1'scan be stacked this way. 
For example, ten devices will yield outputs of 10, 20, 30 ... 
100V. The line voltage can range from 105Vto 130V.However, 
care must be taken to ensure that the total load currents do 
not exceed the maximum usable current (typically 
21mA). 
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IIIIlIIIII ANALOG 
WDEVICES 


I 


+5V Precision Voltage 
ReferencelT emperature Transducer 


REF-02 
I 


FEATURES 


• 
5 Volt Output 
±O.3% Max 
• 
Temperature Voltage Output 
2.1mVJOC 
• 
Adjustment Range 
±3% Min 
• 
Excellent Temperature Stability 
8.5ppm/o C Max 
• 
Low Noise 
15/lVp_pMax 
• 
Low Supply Current 
1.4mA Max 
• 
Wide Input Voltage Range 
7V to 40V 
• 
High Load-Driving Capability 
20mA 
• 
No External Components 
• 
Short-Circuit 
Proof 
• 
MIL-STD-883 Screening Available 
• 
Available in Die Form 


TA = 25"C 
PACKAGE 
OPERATING 


VosMAX 
CERDIP 
PLASTIC 
LCC 
TEMPERATURE 


(mY) 
TD-99 
S-PIN 
S-PIN 
2D-CONTACT 
RANGE 


%15 
REF02AJ' 
REF02AZ" 
MIL 


%15 
REF02EJ 
REF02EZ 
COM 
%25 
REF02J' 
REF02Z* 
REF02RC/883 
MIL 


%25 
REF02HJ 
REF02HZ 
REF02HP 
COM 


%50 
REF02CJ 
REF02CZ 
COM 


%50 
REF02CP 
XI NO 


%50 
REF02CStt 
XINO 


%100 
REF020J 
REF020Z 
REF020P 
COM 


• 
For devices processed 
in total compliance 
to MIL-STD-883, 
add/883 
after part 
number. 
Consult faclory for 883 data sheel. 


Burn-in is available 
on commercial 
and industrial 
temperature 
range parts in 
CerOIP, 
plastic 
DIP, and TO-can 
packages. 


tt 
For availability 
and burn--in information 
on SO and PLCC packages, 
contact 


your local sales office. 


GENERAL 
DESCRIPTION 


The REF-02 precision voltage reference provides a stable 
+SV output which can be adjusted over a ±6% range with 
minimal effect on temperature stability. Single-supply operation 
over an input voltage range of 7V to 40V,low current drain of 
t mA, and excellent temperature stability are achieved with an 
improved bandgap design. Low cost, low noise, and low 
power make the REF-02 an excellent choice whenever a 
stable voltage reference is required. Applications 
include 
D/A and AID 
converters, 
portable 
instrumentation, 
and 
digital voltmeters. The versatility of the REF-02 is enhanced 
by its use as a monolithic temperature transducer. For + tOV 
references, see the REF-Ot and REF-tOdata sheets. 


" " " " " 
z z z z z 
, , 


"'" · 
V,N · 
NO. · 
TEMP , 


NO. ·. " " " " 
" ~ " " ~ 
z 
z ~ 


REF-02RC/883 
LCC (RC-Suffix) 


N.C.• 
N,C,07N.C. 


VIN Z 
6 VOUT 


TEMP 3 
5 TRIM 
• 
GROUND 
CASE • 


8-PIN HERMETIC DIP 
(Z-Sufflx) 
EPOXY MINI-DIP 
(P-Sufflx) 
8-PIN SO 
(S-Sufflx) 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Note 
1) 


Input 
Voltage 


REF-02A, 
E, H, 
RC, 
All 
DICE 
40V 


REF-02C, 
D ...........•.•.•.•..•............................................... 
30V 


Output 
Short-Circuit 
Duration 


(to 
Ground 
or VIN) 
............................••..................... 
Indefinite 


Storage 
Temperature 
Range 


J, 
RC, 
and 
Z Packages 
-65°C 
to +150°C 


P Packages 
-65°C 
to + 125°C 


Operating 
Temperature 
Range 


REF-02A, 
REF-02. 
REF-02RC 
..........•.•..... 
-55°C 
to + 125°C 


REF-02E, 
REF-02H 
..........•.•..•....................•.... 
O°C to +70°C 


REF-02CJ,CZ, 
REF-02D 
O°C to +70°C 


REF-02CP. 
CS 
-40°C 
to +85°C 


Lead 
Temperature 
(Soldering, 
60 
see) 
300°C 


a/A (NOTE 2) 


170 


162 


TO-99 
(J) 


8·Pin Hermetic 
DIP (Z) 


8-Pin Plastic DIP (P) 


20-Contact 
LCC (RC, TCl 


8-Pin SO (5) 


20·Contact 
PLCC (PC) 


NOTES: 
1. 
Absolute maximum ratings apply to both DICE and packaged parts, unless other- 


wise noted. 


2. 
aJA is specified for worst case mounting conditions, I.e., alA is specified for device 
in socket for TO. CerOIP, P-DIP, and LCC packages; alA is specified for device 
soldered to printed circutt board for SO and PLCC packages. 


·CfW 


·CfW 


'CfW 


'CfW 


'CfW 


'CfW 


ELECTRICAL 
CHARACTERISTICS 
at 
VIN = +15V, 
TA = +25°C. 
unless 
otherwise 
noted. 


REF-OWE 
REF-02lH 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAll 
MIN 
TYP 
MAll 
UNITS 


Output 
Voltage 
Va 
IL =0 
4.985 
5.000 
5.015 
4.975 
5.000 
5.025 
V 


Output 
Adjustment 
Range 
6Vtrim 
Rp= 
10kn 
±3 
±6 
±3 
±6 
% 


Output 
Voltage 
Noise 
8np-p 
0.1 Hz to 10Hz (Note 
7) 
10 
15 
10 
15 
"Vp-p 


Line Regulation 
(Note 2) 
V'N = 8V to 33V 
0.006 
0.010 
0.006 
0.010 
'foIV 


Load Regulation 
(Note 
2) 
IL =Oto 
10mA 
0.005 
0.010 
0.006 
0.010 
%/mA 


Turn-on 
Settling 
Time 
tON 
To ±O.l% 
of final value 
5 
"s 


Quiescent 
Supply 
Current 
ISY 
No Load 
1.0 
1.4 
1.0 
1.4 
mA 


Load Current 
IL 
10 
21 
10 
21 
mA 


Sink Current 
Is 
(Note8) 
-0.3 
-0.5 
-0.3 
-0.5 
mA 


Short-Circuit 
Current 
Isc 
Vo=O 
30 
30 
mA 


Temperature 
Voltage 
Output 
Vr 
(Nole3) 
630 
630 
mV 


ELECTRICAL 
CHARACTERISTICS 
at 
VIN = + 15V, 
-55° 
C:S 
TA:s ± 125° 
C for 
REF-02A 
and 
REF-02. 
0° C:s 
TA:S + 70° 
C for 


REF-02E 
and 
REF-02H, 
IL = OmA, 
unless 
otherwise 
noted. 


REF-02A/E 
REF-02lH 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Ouput 
Voltage 
Change 
with 
t"vor 
O°CSTAS+70°C 
0.02 
0.06 
0.07 
0.17 
Temperature 
(Notes 
4,5) 
-55'C" 
TA" 
+125·C 
0.06 
0.15 
0.18 
0.45 
% 


Output 
Voltage 
TCVo 
(Note 6) 
3 
8.5 
10 
25 
ppm/·C 
Temperature 
Coefficient 


Change 
In Vo Temperature 


Coefficient 
with 
Output 
Rp= 
10kn 
0.7 
0.7 
ppm/% 
Adjustment 


Line Regulation 
O°C S TA::: +70°C 
0.007 
0.012 
0.007 
0.012 


(V'N = 8to 
33V) (Note 2) 
-55·C"TA,,+125·C 
0.009 
0.015 
0.009 
0.015 
%N 


Load Regulation 
ooe S TAS +70°C 
0.006 
0.010 
0.007 
0.012 


(lL = 0 to 8mA) 
(Note 
2) 
-55·C" 
TA" 
+ 125' C 
0.007 
0.012 
0.009 
0.015 
%/mA 


Temperature 
Voltage 
Output 
TCVr 
(Note 3) 
2.1 
2.1 
Temperature 
Coefficient 
mVrC 


NOTES: 
1. 
Guaranteed 
by design. 


2. 
Line and Load Regulation 
specifications 
include 
the effect of self heating. 
3. 
Limit 
current 
in or out of pin 3 to SOnA and capacitance 
on pin 3 to 30pF. 


4. 
~VOT is defined 
as the absolute 
difference 
between 
the maximum 
output 


voltage 
and the minimum 
output 
voltage 
over the specified 
temperature 
range expressed 
as a percentage 
of 5V. 


avor= 
r-MA~~V"'N Ix 100 


5. 
AVoTspecification 
applies 
trimmed 
to +5.000Vor 
untrimmed. 


6. 
TCVo is defined 
as ~ VOT divided 
by the temperature 
range, 
i.e., 


aVor 


TCVo= 
70·C 


REF-02 


ELECTRICAL 
CHARACTERISTICS 
at V,N = + 15V, TA = 25· C, unless 
otherwise 
noted. 


REF-02C 
REF-02D 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Output 
Voltage 
Vo 
'L =OmA 
4.950 
5.000 
5.050 
4.900 
5.000 
5.100 
V 


Output 
Adjustment 
Range 
AVtrim 
Rp= 
10kO 
±2.7 
±6.0 
- ±2.0 
±6.0 
% 


Output 
Voltage 
Noise 
ene-p 
O.lHz to 10Hz (Note 7) 
12 
18 
12 
"Vp-p 


Line Reguletion 
(Note 2) 
V'N = 8V to 30V 
0.009 
0.015 
0.010 
0.04 
%N 


Load Regulation 
(Note 2) 
'L =Ot08mA 
0.006 
0.015 


'L =0 
to 4mA 
0.015 
0.04 
%/mA 


Turn-on 
Settling 
Time 
tON 
To ±0.1% 
of final value 
5 
"s 


Quiescent 
Supply 
Current 
'sv 
No load 
1.0 
1.6 
1.0 
2.0 
mA 


Load Current 
' 
L 
8 
21 
21 
mA 


Sink Current 
Is 
(Note8) 
-0.3 
-0.5 
-0.3 
-0.5 
mA 


Short-Circuit 
Current 
Ise 
Vo=O 
30 
30 
mA 


Temperature 
Voltage 
Output 
VT 
(Note 3) 
630 
630 
mV 


ELECTRICAL 
CHARACTERISTICS 
at VIN = +15V; IL= OmA,O·Cs TA s +70·C for REF-02CJ, CZ. OJ. OZ, OP; -40·C s TA s +85·C 
for REF-02CP. CS; unless otherwise 
noted. 


PARAMETER 
SYMBOL 
CONDITIONS 


Ouput 
Voltage 
Change 
with 


I1VOT 
(Notes 4 and 5) 
Temperature 


Output 
Voltage 
TCVo 
(Note 6) 
Temperature 
Coefficient 


Change 
in Vo Temperature 


Coefficient 
With Output 
Rp= 
10kO 


Adjustment 


line 
Regulation 
(Note 2) 
V'N = 8V to 30V 


load 
Regulation 
(Note 
2) 
'L=Ot05mA 


Temperature 
Voltage 
Output 
TCVT 
(Note 3) 
Temperature 
Coefficient 


REF-02C 
MIN 
TYP 
MAX 


0.14 
0.45 


20 
65 


0.7 


0.011 
0.018 


0.006 
0.018 


2.1 


NOTES: 
1. 
Guaranteed 
by design. 


2. 
line 
and Load Regulation 
specifications 
include 
the effect 
of self heating. 
3. 
Limit current in or out of pin 3 to SOnAand capacitance 
on pin 3 to 30pF. 


4. 
dVOT 
is defined 
as the absolute 
difference 
between 
the maximum 
output 


voltage 
and the minimum 
output 
voltage 
over the specified 
temperature 
range expressed 
as a percentage 
of SV. 


I1VOT=~"A5vV"'Nlx 
100 


5. 
aVor 
specification 
applies 
trimmed 
to +S.OOOV or untrimmed. 


6. 
TCVo 
is defined 
as li.VOT divided 
by the temperature 
range, 
i.e., 


tJ.VOT 


TCVo= 
70'C 


2. INPUT VOLTAGE 
(VIN) 
3. TEMPERATURE 
TRANSDUCER 
OUTPUT 
VOLTAGE 
(TEMP) 
4. GROUND 
5. TRIM 
6. OUTPUT 
VOLTAGE 
(VOUT) 


DIE SIZE 0.074 X 0.048 Inch, 3552 sq. mils 
(1.88 X 1.22 mm, 2.29 sq. mm) 


WAFER TEST LIMITS 
at VIN=+15V. 
TA = 25°CforREF-02N 
and 
REF-02G 
devices; 
TA = 125°Cfor 
REF-02NTand 
REF-02GT 


devices, 
unless 
otherwise 
noted. 
(Note 
3) 


I~EF-02NT 
REF-02N 
REF-02GT 
REF-02G 
PARAMETER 
SYMBOL 
CONDITIONS 
LIMIT 
LIMIT 
LIMIT 
LIMIT 
UNITS 


4.975 
4.985 
4.950 
4.975 
VMIN 
Output 
Voltage 
Va 
IL =0 
5.025 
5.015 
5.050 
5.025 
V MAX 


Output 
Adjustment 
Vtrim 
Rp= 
10kO 
±3 
±3 
%MIN 
Range 


Line Regulation 
V'N = 8V to 33V 
0.D15 
0.01 
0.D15 
0.01 
'IoN MAX 


NOTE: 
Electrical 
tests are performed 
at wafer 
probe 
to the limits 
shown. 
Due to variations 
in assembly 
methods 
and normal 
yield 
loss. yield 
after 
packaging 
is not 
guaranteed 
for standard 
product 
dice. 
Consult 
factory 
to negotiate 
specifications 
based on dice lot qualification 
through 
sample 
lot assembly 
and testing. 


TYPICAL 
ELECTRICAL 
CHARACTERISTICS 
at 
VIN 
= +15V. 
TA = +25°C. 
unless 
otherwise 
noted. 


REF-02NT 
REF-02N 
REF-02GT 
REF-02G 
PARAMETER 
SYMBOL 
CONDITIONS 
TYPICAL 
TYPICAL 
TYPICAL 
TYPICAL 
UNITS 


Temp. Voltage 
Output 
VT 
(Notes 
1. 2) 
630 
830 
830 
630 
mV 


Temp. Voltage 
Output 
TCVT 
(Notes 
1. 2) 
2.1 
2.1 
2.1 
2.1 
mV/"C 
Temp. Coefficient 


Output 
Voltage 
TCVo 
10 
10 
10 
10 
ppmrC 
Temp. Coefficient 


Load Regulation 
IL =Oto 
10mA 
0.007 
0.005 
0.009 
0.006 
%/mA 
IL =Oto 
8mA. NT, GT@+125"C 


Output 
Voltage 
Noise 
8np•p 
0.1Hz to 10Hz 
10 
10 
10 
10 
"Vp-p 


Turn-On 
settling 
To ±0.1% 
of final 
7.5 
5.0 
7.5 
Time 
tON 
value. NT, GT @ + 125" C 
5.0 
"s 


Quiescent 
Supply 
Current 
ISY 
No Load. NT, GT@+125"C 
1.4 
1.0 
1.4 
1.0 
mA 


Load Current 
IL 
21 
21 
21 
21 
mA 


Sink Current 
Is 
-0.5 
-0.5 
-0.5 
-0.5 
mA 


Short-Circuit 
Current 
Ise 
Vo=O 
30 
30 
30 
30 
mA 


NOTES: 
1. 
See AN-18 for detailed 
REF-02 thermometer 
applications 
information. 


2. 
Limit 
current 
in or out of pin 3 to SOnA and capacitance 
on pin 3 to 30pF. 
3. 
For+25"C 
specifications 
of REF-02NT 
and REF-D2GT, see REF-D2N and 
REF-D2G respectively. 


OUTPUT 
ADJUSTMENT 


The REF-02 trim terminal can be used to adjust the output 
voltage over a 5V ±300mV 
range. This feature allows the 
system designer to trim system errors by setting the refer- 
ence to a voltage other than 5V.Of course, the output can also 
be set to exactly 5.000V or to 5.12V for binary applications. 


Adjustment 
of the output 
does not significantly 
affect the 
temperature 
performance 
of the device. Typically, 
the tem- 
perature coefficent change is O.7ppm/o C for 100mVof output 
adjustment. 
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NOTES; 


1. REF-Q2 SHOULD 
BE THERMALL 
Y CONNECTED 
TO SUBSTANCE BEING HEATED. 


2. NUMBERS IN PARENTHESES ARE FOR A 
SETPQINT TEMPERATURE 
OF 5O·C. 


3. R3" 
RlIR2ftR6 


RESISTOR VALUES 


TCVOUT SLOPE 
(S) 
10mVl'C 
100mVrC 
10mVrF 


TEMPERATURE 
-55'C 
to 
-55'C 
to 
-67'F 
to 
RANGE 
+125'C 
+125'C 
+257'C 


OUTPUT 
VOLTAGE 
-O.55Vto 
-5.5V 
to 
-O.67Vto 
RANGE 
+1.25V 
+12.5V· 
+2.57V 


ZERO-SCALE 
OV@O'C 
OV@O'C 
OV@O'F 


R. (± 1% resistor) 
9.09kO 
15kO 
7.5kO 


Rb1 (± 1% resistor) 
1.5kO 
1.82kO 
1.21kO 


Rbp (Potentiometer) 
2000 
5000 
2000 


Rc (±1% resistor) 
5.11kO 
84.5kO 
8.25kO 


REFERENCE STACK WITH EXCELLENT LINE 
REGULATION 
Two REF-01's and one REF-02can be stacked to yield 5.000V, 
15.000Vand 25.000Voutputs. An additional advantage of this 
circuit is near-perfect line regulation of the 5.0V and 15.0V 
outputs. A 27V to 55V input change produces an output 
change which is less than the noise voltage of the devices. A • 
load bypass resistor (Rs) provides a path for the supply 
current (ISY)of the 15.000Vregulator. 
In general, any number of REF-01's and REF-02's can be 
stacked this way. For example, ten devices will yield ten 
outputs in 5Vor 10Vsteps.The line voltagecan rangefrom 100V 
to 130V.However, care must be taken to ensure that the total 
load currents do not exceed the maximum usable current 
(typically 21mA). 


1227V 
TO 
55V 


V,N 
• 


25. 


va 


REF-Ql 


TRIM 
5 
10kn 


GNO 


4 


2 


V,N 
• 
15. 


VA 


REF-Ol 


TRIM 
5 
10ktl 


2 
GNO 


V,N 
• 
4 
5.000 


VA 


AEF-02 


TRIM 
5 
10kll 
R. 


GNO 


6.8kn 
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PRECISION CURRENT SOURCE 
A current source with 3SV output compliance 
and excellent 


output impedance can be obtained using this circuit. REF-02 
@keepsthe 
line voltage and power dissipation 
constant in 
device CD; the only important 
error consideration 
at room 
temperature 
is the negative supply rejection of the op amp. 


The typical 3p.VIV PSRR of the OP-02E will create a 20ppm 
change (3p.VIV x 3SV/SV) in output current over a 3SV range. 
For example, a SmA current source can be built (R = 1kO) 
with 3S0MO output impedance. 


3SV 


Ro= 
20X10-6XSmA 


+SOV 


2 


V,N 


Vo 


REF-02 
0 


GNO 
• 


Vo 


REF-02 
R 
(TRIM fOR 
CAL.IBRATION, 


+15V 


2 


VIN 


REF-02 


TRIM 


GNO 
• 


lOUT 


2 


V,N 


Vo 
• 


REF-02 


TRIM 


GNO 
• 


SUPPLY BYPASSING 


For best results, it is recommended that the power supply pin 
is bypassed with a 0.1p.Fdisc ceramic capacitor. 
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+2.5V Precision 
Voltage Reference 


REF-03 
I 


FEATURES 


• 
+2.5 Volt Output 
±O.6% Max 
• 
Wide Input Voltage Range.. .. .. .. . .. . . . .. . .. 4.5V to 33V 
• 
Supply Current 
:................... 
1.4mA Max 
• 
Output Voltage Tempco 
50ppm/oC Max 
• 
Line Regulation 
50ppm/V Max 
• 
Load Regulation 
100PPm/mA Max 
• 
Extended Industrial Temp Range 
-40°C to +85°C 
• 
Low Cost 
• 
Available 
in Die Form 


ORDERING 
INFORMATIONt 


GENERAL 
DESCRIPTION 


The REF-03 precision voltage reference provides a stable +2.5V 
output. with minimal change for variations in supply voltage, 
ambient 
temperature 
or loading 
conditions. 
Single-supply 
operation over an input voltage range of +4.5V to +33V with a 
current drain of 1mA and good temperature stability is achieved 
using an improved bandgap design. Primarily targeted at price- 
sensitive applications, the REF-03 is available in plastic mini- 
dips and surface-mountable small outline plastic packages. For 
improved 
performance 
or -55°C/125°C 
operation, 
see the 
REF-43 data sheet. 


PLASTIC 
PACKAGE 


REF03GP 
REF03GStt 


OPERATING 
TEMPERATURE 
RANGE 


XINO 
XINO 


Burn-in is available 
on commercial 
and industrial 
temperature 
range parts in 
plastic 
01P. 
• 


U 
For availability 
and burn-in information 
on SO and PLCC packages. 
contact 
your local sales office. 


8-PIN PLASTIC DIP 
(P-Sufflx) 


8-PIN SO 
(S-Sufflx) • 


",,"Ut"t"I, Y""'I~g~g•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
+6tUV 
Output Short-Circuit Duration 
Indefinite 
Operating Temperature Range 
REF-03G (P,S) 
-40·C to +8S·C 
Storage Temperature Range 
-6S·C to +17S·C 
Junction Temperature Range 
-6S·C to +17S·C 
Lead Temperature (Soldering, 10 see) 
+300·C 


8-Pin Plastic DIP (P) 


8·PinSO 
(5) 


NOTES: 
1. 
Absolute 
maximum 
ratings 
apply to both DICE and pacl<aged parts, 
unless 
otherwise 
noted. 


2. 
aJA is specified 
for worst case mounting 
conditions. 
i.e., alA is specified 
for 
device 
in socket 
lor P-DIP package; 
alA is specllied 
lor device 
soldered 
to 
printed circuit board lor SO package. 


ELECTRICAL 
CHARACTERISTICS 
at VIN = +1SV,-40·C ~ TA ~ +8S·C, unless otherwise noted. 


REF-03G 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 


Output 
Voltage 


Output 
Voltage 
Tolerance 


Output 
Voltage 


Temperature 
Coefficient 


No Load 
2.485 
2.500 


No Load 
0.2 


(Note 
1) 
10 


V'N = +4.5V 
to +33V 
20 


0.002 


IL = OmA to 10mA 
60 


0.006 


,0 
21 


-0.3 
-0.5 


Output 
Shorted 
to Ground 
24 


No Load 
1.0 


To ±O.1 % of Final Value 


0.1Hz to 10Hz 


Rpor= 
10kO 
±6 
±11 


4.5 
15 


(Note 2) 
620 


MAX 


2.515 


100 
ppm/mA 


0.010 
%/mA 


Load Regulation 


Load Current 
(Sourcing) 
IL 


Load Current 
(Sinking) 
Is 


Short·Circuit 
Output 
Current 
Isc 


Quiescent 
Supply 
Current 
ISY 


Turn-On 
Settling 
Time 
tON 


Output 
Voltage 
Noise 
enp_p 


Output 
Adjustment 
Range 
6VTAIM 


Input 
Voltage 
Range 


Temperature 
Voltage 
Output 
Vr 


NOTES: 
1. TCVo is measured 
by the endpoint 
method. 


I 


V(85·C) 
- V(-40·C) 
I 
and is equal 
to 
-1-2.-5-X-'-0-'-.)-(-12-5-.-C-)in ppm/oC. 


+J'." 


2. V,N 
3. VTEMP 
4.GROUND 
5. TRIM 
6. VOUT 


DIE SIZE 0.048 x 0.074 Inch, 3552 sq. mils 
(1.22 x 1.88 mm, 2.29 sq. mm) 


PARAMETER 
SYMBOL 
CONDITIONS 


Output 
Voltage 
Tolerance 
Vo 
IL =0 


Line Regulation 
V,N = +4.5V 
to +33V 


Output 
Adjust 
Range 
VTR1M 
Rp= 
10kO 


Quiescent Supply Current 
ISY 
No Load 


REF-03G 
LIMIT 
UNITS 


2.500 ±C.015 
V MAX 


0.6 
%MAX 


50 
ppmlV 
MAX 


0.005 
% MAX 


±6 
%MIN 


1.4 
mAMAX 


NOTE: 
6 


Electrical 
tests are performed 
at wafer probe to the limits shown. 
Due to variations 
in assembly methods and normal yield loss, yield after packaging 
is not 
guaranteed 
-for standard 
product 
dice. Consult 
factory 
to negotiate 
specifications 
based on dice lot qualification 
through 
sample 
lot assembly 
and testing. 


MAXIMUM 
LOAD 
CURRENT 


VB INPUT 
VOLTAGE 


TA'" 2S·C 
- --- - 


LOAD 
REGULATION 
(.1IL = 10mA) 


VB INPUT 
VOLTAGE 


55 


TA;: 25°C 


C 
.€ 
10! 
z0 
5 
55 


:>~ 
II: 
Q.. 50 
g 


• 5 • 
T2 
T5 
20 
2. 
25 
32 


INPUT VOLTAGE 
(VOLTS) 


LINE 
REGULATION 


VB INPUT 
VOLTAGE 


TA" 
2S·C 


\ 
"- ..•. 


i150 


Z 
Q 
9 
100 
:>~ 
II:.. 
~ 
50 


MAXIMUM LOAD CURRENT 
va TEMPERATURE 


V1N ~ 15V 


.......r-..... 


...•.•••....•.. 


o 
-40 
-20 
0 
20 
40 
60 
80 
100 


TEMPERATURE 
(Oe) 


LINE REGULATION 
va FREQUENCY 


'0 


3' 
~ 
100 1 


3'0 
Z0 
5 
'000 
:> 
~ 
3'00 
...z 
::J 


10,000 


32,000 
'DO 
1k 
'Ok 
lOOk 
,M 


FREQUENCY 
(Hz) 


NORMALIZED 
LINE REGULATION 
(4.5V TO 33V) 
va TEMPERATURE 


II 
/ 
/ 


./ 
/ 
/ 
/ 


0.'-40 
-20 
0 
20 
40 
60 
80 
100 


TEMPERATURE 
(OC) 


NORMALIZED 
LOAD 
REGULATION (AIL = 10mA) 
va TEMPERATURE 


V1N 
~ 15Y 


~~ 


/' "., 
1/ 
/ 
/ 


u 
& 
1.2 
lil 
~ 
1.1 
Qcg 
1.0 
;: 


~ 
0.9 
a: 


~ 
0.8 
9 


0.0 
-40 
-20 
0 
20 
40 
60 
80 
100 


TEMPERATURE 
(Oe) 


QUIESCENT 
CURRENT 
va TEMPERATURE 


1,·1 
•...~ 
a:a: 
B 
1.0 
•... 
ffio:lg 0.9 


WIDEBAND OUTPUT NOISE 
va BANDWIDTH 
(O.lHz TO FREQUENCY 
INDICATED) 


TYPICAL DISTRIBUTION 
OF OUTPUT VOLTAGE NOISE 


TYPICAL DISTRIBUTION 
OF OUTPUT 
VOLTAGE TEMPCO 


T.•.-=2S·C 


YIN'""15Y 
a.1Hz TO 10Hz 


I \ 
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"'O~C' i.S +~5'C 
I-V,,~-15V 


I \ 
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APPLICATIONS 
INFORMATION 


The REF-03 provides 
astable 
+2.5Voutput 
voltage 
with min- 


imal dependence 
on load 
current, 
line voltage 
or tempera- 
ture. 
This voltage 
is typically 
used to set an absolute 
refer- 
ence point 
in data conversion 
circuits. 
or in analog 
circuits 
such as log amps, 4-20mA 
transmitters 
and power 
supplies. 
The 
REF-03 
is of particular 
value 
in systems 
requiring 
a 
precision 
reference 
using a single 
+5V supply 
rail. 


Because 
an onboard 
operational 
amplifier 
is used to amplify 
the basic bandgap 
cell voltage 
to 2.5V, supply 
decoupling 
is 
critical 
to the transient 
performance 
of a voltage 
reference. 


The supply 
line 
should 
be bypassed 
with 
a 1OI'F tantalum 
capacitor 
in parallel 
with a O.01I'F to O.1I'F ceramic 
capacitor 
for best results 
as shown 
in Figure 
1. For less critical 
condi- 
tions, 
a single 
O.1I'F capacitor 
is adequate. 
The 
bypass 
capacitors 
should 
be located 
as close 
to the reference 
as 
possible. 
Inadequate 
bypassing 
can lead to instabilities. 


Output 
bypass capacitors 
are not generally 
recommended. 
If 
necessary 
for high-frequency 
output 
impedance 
reduction. 


the capacitance 
value used should 
be at least 11'F. 


GENERATING AN ADJUSTABLE BIPOLAR 
VOLTAGE REFERENCE 
Many times. 
there 
is a requirement 
for an adjustable 
bipolar 
reference. 
A simple 
method 
of generating 
such a reference 
is 
to connect 
the 
output 
of the 
REF-03 
to an op amp 
in an 
adjustable 
gain configuration 
as shown 
in Figure 2. The trim- 
able 
resistor 
is then 
used 
to generate 
the 
desired 
output 
voltage 
from 
-2.5V 
to +2.5V. 


GENERATING A -2.5V REFERENCE 
Often, there is a requirement 
for a negative 
reference 
voltage. 


The simplest 
method 
of generating 
a -2.5V 
reference 
with the 
REF-03 is to connect 
an op amp in a gain of -1 to the output. 


as shown 
in Figure 
3. This provides 
both 
positive 
and nega- 
tive 
2.5V 
references. 
Figure 
4 shows 
another 
method 
of 
obtaining 
a negative 
reference. 
in which 
the current-output 
element 
is a PNP transistor. 
with the REF-03 in a servo loop to 
ensure 
that the output 
remains 
2.5V below 
ground. 


• 


BOOST 
TRANSISTOR 
PROVIDES 
HIGH 
OUTPUT 
CURRENT 
When applications require more than 10mAcurrent delivery, 
an external boost transistor may be added to the REF-03to 
pass the required 
current 
without 
dissipating 
excessive 
power within the IC. The 
maximum current output to the 
system is bounded only by the capabilities of the boost tran- 
sistor. This technique is shown in Figure 5 with and without 
current limiting. 
Current limiting may be used to prevent 
damage to the boost transistor. In Figure 5b, the limit occurs 
when the voltage dropped across R2exceeds one VSE (O.6V). 
The current limit is sensitive to the variations of the diodes' 
forward drop and the PNP's VSE with temperature, and will 
decrease with increasing temperature. 


CMOS 
DAC 
REFERENCE 
The REF-03makesan excellent reference for usewith CMOS 
and bipolar DACs. Figure 6 shows the REF-03connected to 
the DAC-8012, a 12-bit parallel loading CMOS DAC with 
memory. With an OP-43 output amplifier for fast settling, the 
circuit requires less than 3mA when driven from TTL gates, 
and less than 2mA when driven from CMOS gates. In situa- 
tions not requiring the higher speed of the OP-43, enhanced 
linearity and some savings in power dissipation can be real- 
ized using an OP-97forthe output amplifier. Figure 7shows a 
typical 
multiplying 
DAC application 
using 
a REF-03 
reference. 


Your < ±2.SVp 


+12Y 


Ukll 


V,. 


REF..Q3 


VOUT 


Ukll 
+r" 


GND 
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FEATURES 


• 
5 Volt Output 
• 
Guaranteed Long-Term Stability 
. . . . . . . . . . . . . .. 
100ppm/1000 Hrs Max 
• 
Excellent Temperature Stability 
8.5ppm/o C Max 
• 
Low Noise.............................. 
151'Vp_p Max 
• 
Low Supply Current. 
. . . . . . . . .. .. .. . .. . . .. 
1.4mA Max 
• 
Wide Input Voltage Range 
7V to 40V 
• 
High Load-Driving Capability 
20m A 
• 
Short-Circuit Proof 
• 
Processed Per MIL-STD-883 


at 100ppm/1000 hrs. maximum. Single-supply 
operation over 
an input voltage range of 7V to 40V, low current drain of 1mA, 
and excellent 
temperature 
stability 
are achieved with 
an 
improved bandgap design. Low cost, low noise, and low power 
make the REF-05 an excellent 
choice 
whenever a stable 
voltage reference is required. Applications 
include 
D/A and 
AID converters, 
portable 
instrumentation, 
and digital 
volt- 
meters. The versatility of the REF-05 is enhanced by its use as 
a monolithic 
temperature 
transducer. 
For +10V Precision 
Voltage References see the REF-10 data sheet. 


N.C .• 
N,C,07N.C. 


VIN 2 
6 Your 


TEMP 3 
5 TRIM 


4 
GROUND 
CASE 


\ 
'-..../ 
REF-OS--- • 


TO-99 (J-Sufflx) 
REF-05AJ/883 
REF-05BJ/883 


GENERAL 
DESCRIPTION 


The REF-05 precision voltage reference provides a stable +5V 
output which can be adjusted over a ±6% range with minimal 
effect on temperature stability. Long-term drift is guaranteed 


-,<0 
o 
M 
~ 
~ 
~ 
100 
1M 
1~ 
1~ 
1~ 


DAYS 
ELAPSED 


ELECTRICAL CHARACTERISTICS 
at 
V,N = + 15V, 
TA = 25°C. 
unless 
otherwise 
noted. 


REF-OSA 
REF·OSB 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Output 
Voltage 
Vo 
'L =0 
4.985 
5.0 
5.015 
4.975 
5.0 
5.025 
V 


Output 
Adjustment 
Range 
41Vtrim 
Rp= 
10kO 
±3 
±6 
±3 
±6 
'llI 


Output 
Voltage 
Noise 
8np=p 
O.lHz 
to 10Hz (Note 
1) 
10 
15 
10 
15 
I'Vp_p 


Long- Term Stability 
(Note 
1) 
65 
100 
65 
100 
ppm/lkHrs 


Line Regulation 
(Note 2) 
V,N = 8V to 33V 
0.006 
0.010 
0.006 
0.010 
'!4IIV 


Load Regulation 
(Note 2) 
'L =Oto 
10mA 
0.005 
0.010 
0.006 
0.010 
'!4IImA 


Turn-On 
settling 
Time 
ton 
To ±0.1'll1 of final value 
5 
I'S 


Quiescent 
Supply 
Current 
' 
sv 
No Load 
1.4 
1.4 
mA 


Load Current 
'L 
10 
21 
10 
21 
mA 


Sink Current 
's 
(Note 7) 
-0.3 
-0.5 
-0.3 
-0.5 
mA 


Short-Circuit 
Current 
'sc 
Vo=O 
15 
30 
60 
15 
30 
60 
mA 


Temperature 
Voltage Output 
VT 
(Note 3) 
630 
630 
mV 


Input 
Voltage 


REF-OSA, 
B ..•....................•..............................•..........•.. 
40V 


Output 
Short-Circuit 
Duration 


(to 
Ground 
or V,N) 
....•..•....•..........•..................•..•..• 
Indefinite 


Storage 
Temperature 
Range 
................•..•..•.. 
-65°C 
to 
+150·C 


Lead 
Temperature 
(Soldering, 
60 
see) 
..........•..........•..• 
+300°C 


Operating 
Temperature 
Range 


REF-05A, 
REF-05B 
•..•....................•....•.... 
-55°C 
to 
+125°C 


PACKAGE 
TYPE 
9'10 (NOTE 2) 
9,C 
UNITS 


TO-99 
(J) 
170 
24 
·C/W 


NOTES: 
,. 
Derate at 7.1 mwrc 
above 80·C ambientlemperatureforTO·99 
(J) packaga. 


2. 
91A is specified 
for worst case mounting 
conditions, 
i.e., alA is specified 
for 
device in socket for TO package. 


Output 
Voltage 
Change 
with 


Temperature 
(Notes 
4 & 5) 


Output 
Voltage 


Temperature 
Coefficient 


Change 
in Va Temperature 
Coefficient 
with Output 


Adjustment 


Line Regulation 


(V'N = 8V to 33V) (Note 
2) 


load 
Regulation 


(IL ~ 0 to 8mA) (Note 
2) 


Temperature 
Voltage 
Output 


Temperature 
Coefficient 


Quiescent 
Supply 


Current 


REF-OSA 
REF-OSB 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


-55°CSTAS+12SoC 
0.06 
0.15 
0.18 
0.45 
% 


(Note 6) 
3 
8.5 
10 
25 
ppml"C 


Rp= 
10kO 
0.7 
0.7 
ppm/'lll 


-SsoCSTAS+12SoC 
0.009 
0.015 
0.009 
0.015 
'llIN 


-SsoCSTAS+12SoC 
0.007 
0.012 
0.009 
0.015 
%/mA 


(Note 3) 
2.1 
2.1 
mVfOC 


No Load 
1.6 
2.0 
1.6 
2.0 
mA 


NOTES: 
1. 
Sample 
tested. 
Long-term 
stability 
is 
tested 
with 
power 
applied 
continuously. 


2. 
Line and Load Regulation 
specifications 
include 
the effect of self heating. 
3. 
Limit 
current 
in or out of pin 3 to SOnA and capacitance 
on pin 3 to 30pF. 
4. 
.a.VOTis defined 
as the absolute 
difference 
between 
the maximum 
output 
voltage 
and the minimum 
output 
voltage 
over the specified 
temperature 
range expressed 
as a percentage 
of SV. 


.a.V 
= IVMAX- 
VMINlx 
100 
OT 
sV 


S. 
.a.VOTspecification 
applied 
trimmed 
to +SV or untrimmed. 


6. 
TCVo is defined 
as .a.VOTdivided 
by the temperature 
range, 
Le., 


TCV 
~ 
aVor 
o 
180.C 


7. 
During 
sink current 
test the device 
meets the output 
voltage 
specified. 


OUTPUT ADJUSTMENT 


The REF-05 trim terminal can be used to adjust the output 
voltage over a 5V ±300mV range. This feature allows the 
system designer to trim system errors by setting the refer- 
ence to avoltage other than 5V.Of course, the output can also 
be set to exactly 5V or to 5.12Vfor binary applications. 


Adjustment of the output does not significantly 
affect the 
temperature performance of the device. Typically the tem- 
perature coefficient 
change is O.7ppm/oC for 100mV of 
output adjustment. 


TEMP 
TRIM 


OND 


4 
-- 


OUTPUT WIDEBAND NOISE 
vs BANDWIDTH (0.1Hz 
TO FREQUENCY INDICATED) 
LINE REGULATION 
va FREQUENCY 
OUTPUT CHANGE DUE TO 
THERMAL 
SHOCK 


I 
I 
VIN '"' 15V 


TA'"' 
TA· 


25"C 
,5"c-/ - 
/ 
/ 


'/ 
DEVICE 
IMMERSED 
IN 75"'C Oil 
BATH 
10.0 
100 
lk 
10k 
lOOk 
100M 


FREQUENCY 
(Hz) 


TYPICAL TEMPERATURE VOLTAGE 
OUTPUT 
VI TEMPERATURE (REF-05A) 
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TEMPERATURE 
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I 
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HEATING 
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ELEMENT 
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4 
I 
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~S~~T!...1) 
~ 


c---- --- 


:. 
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NOTES: 


1. Aff"-QZ 
StfOULD 
8£ 
THERMALLY 
CONNECTED 
TO SUBSTANCE BEING HEATED. 
2. NUMBERS IN PARENTHESES 
ARE FOR A 
SETPOINT TEMPERATURE 
OF 6O"'C. 


3. R3- RlIR2IR6 


RESISTOR 
VALUES 


TCVoUT SLOPE ISI 


TEMPERATURE 
RANGE 


OUTPUT VOLTAGE' 
RANGE 


ZERO-SCALE 
OV@ O·C 
OV@ O·C 
OV@ O·F 


A. (±t'" resistor) 
9.09kO 
15kO 
7.5kO 


Ab1 (±,lMI resistor) 
1.5kO 
1.82kO 
1.21kO 


Abp (Potentiometer) 
200n 
SOOO 
2000 


Ac(±l~resistor) 
5.11kO 
84.5kO 
8.25kO 


·For 12SDC operation, the op amp output must be able to swing to +12.5V; 
increase V1N to +18V from +15V if necessary. 


10mvrc 
l00mVI"C 
tOmy/DF 


-5SDC to 
-5SDC to 
-67DF to 
+12SoC 
+12SDC 
+257DF 


-O.55Vto 
-5.5V to 
-O.67V 10 
+1.25V 
+12.5V 
+2.57V 


REFERENCE STACK WITH EXCELLENT 
LINE REGULATION 
Two REF-10'sand one REF-OScan be stacked to yield SV,lSV 
and 2SVoutputs. An additional advantage is near-perfect line 
regulation of the SV and 15V outputs. A 27V to 5SV input 
change produces an output change which is less than the 
noise voltage of the devices. A load bypass resistor (Rg) 
provides a path for the supply current (ISY) of the lSV 
regulator. 


In general, any number of REF-10's and REF-OS'scan be 
stacked this way. For example, ten devices will yield ten 
outputs in SVor 10Vsteps. The line voltage can range from 
100Vto 130V,however, care must be taken to ensure that the 
total load currents do not exceed the maximum usable 
current (typically 21mAl. 
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R. 


GNO 
6.8kn 


'4 


MAXIMUM LOAD CURRENT 
VI INPUT VOLTAGE 


LINE REGULATION 


VI SUPPLY VOLTAGE 


~i 0.02 
o 
3 
::> 
~ 
w 
0.01 
Z::; 


REF-05 


TRIM 
5 


GNO 


4 


NORMALIZED 
LOAD 
REGULATION 
(1l1L = 10mA) 


VI TEMPERATURE 


/ 
/ 
/ 
/ 
,/ 
VIN",5V 


" 


0.6 


-60 -40 -20 
0 
20 
40 
60 
80 100 120 140 


TEMPERATURE 
(OCI 


MAXIMUM LOAD CURRENT 


VI TEMPERATURE 


..•.••.. 


.....•. ..... 


....••• 
.....•. 


VIN" 
15V 


...... 


o 
-60-40 
-20 
0 
20 
40 
60 
80 100 120 140 


TEMPERATURE 
(OCI 


NORMALIZED 
LINE REGULATION 


VI TEMPERATURE 


,/ 


./ V 


./ '" 
..." 


0.6 
-60 -40 -20 
0 
20 
40 
60 
80 
100 120 140 


TEMPERATURE rei 


QUIESCENT CURRENT 


VI TEMPERATURE 
/ 


'" 
'" 


".. 


•.... 


..•.• 
" 


VIN" 
15V • 


0.7 


-60 -40 -20 
0 
20 
40 
80 
80 100 120 140 


TEMPERATURE 
{"Cl 


2 


V,N 
Vo 
6 


0.1 
'[ 
"'.~ 
.F 
REF-os 


VREF" 
5V 


GNO 
R2 
5.6kn 


4 


PRECISION 
CURRENT 
SOURCE 


A current 
source 
with 
35V output 
compliance 
and excellent 
output 
impedance 
can be obtained 
using this circuit. 
REF-05 
® keeps the line voltage 
and power 
dissipation 
constant 
in 
device CD; the only 
important 
error 
consideration 
at room 
temperature 
is the negative 
supply 
rejection 
of the op amp. 


The typical 
3/.,v1V PSRR of the OP-02E 
will create 
a 20ppm 
change 
(3JJ.VlVx 35V/5V) 
in output 
current 
over a 35V range. 


For example, 
a 5mA current 
source 
can be built 
(R = 1kO) 


with 350MO 
output 
impedance. 


35V 
Ro = 20 X 10-6 x 5mA 


R 
(TRIM 
FOR 
CALIBRATION) 


SUPPLY 
BYPASSING 


For best results, 
it is recommended 
that the power supply 
pin 


is bypassed 
with 
a 0.1JJ.Fdisc ceramic 
capacitor. 
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FEATURES 
• 
Low Cost Negative Reference 
• 
Pin Selectable 
To -10.24V Output For Binary 
Applications 
• 
10mA Minimum 
Output Current 
• 
Wide Input Voltage Range, -11.4V to -36V 
• 
Low 1.4V Drop Out Voltage 
• 
Wide ±270mV Adjustment 
Range 
• 
Available In Ole Form 


APPLICATIONS 
• 8 & 1O-Blt CMOS AID and 0/ A Converters 
• Voltage-to-Frequency 
Converters 
• Strain Gauge Bridge Reference 
• Precision 
Negative Ten Volt Regulator 


ORDERING INFORMATION I 


PACKAGE 
OPERATING 
SO 
TEMPERATURE 
8-PIN 
RANGE 


MIL 
XIND 
REF08HStt 
XIND 


TCVo 
ppmrc 


50 
80 
100 


CERDIP 
PLASTIC 
8-PIN 
8·PIN 


REF08BZ* 
REF08GZ 


• 
For devices processed 
in total compliance 
to MIL-STO-883, 
add /883 after part 
number. 
Consult lactory lor 883 data sheel. 


Burn-in is available 
on commercial 
and industrial 
temperature 
range parts in 
cerDIP, 
plastic 
DIP, and TO·can 
packages. 


tt 
For availability 
and burn-in 
information 
on SO and PLCC packages, 
contact 
your local sales office. 


S-PINCERDIP 


(Z-Sufflx) 


S-PIN PLASTIC DIP 


(P-Suffix) 


S-PINSO 
(5-Suffix) 


Negative 
1OV/l O.24V 
Voltage 
Reference 


REF-DB 
I 


The REF-OSis a series regulation, buried Zener, negative Yolt- 
age reference with pin selectable output Yoltage. Its low tem- 
perature coefficient, low noise, and selectable output make it an 
ideal reference for AID converters such as the ADC-90S or the 
PM-7574. The REF-OBis also well suited for CMOS DAC appli- 
cations where a positive output voltage is desired. 


Applications with B-bit accuracy will typically be able to use the 
REF-OSwithout trimming its output voltage. This is particularly 
true of CMOS DACs with low gain errors such as the DAC-B40B 
and PM-752S. 


Leaving the SELECT pin open will result in a -10V 
output. 


Grounding SELECT will produce a -1 O.24V output (Le. -10mV 
per 1O-bit LSB) that is ideal for binary applications. 


A ±270mV adjustment range is available with the REF-OBwhich 
exhibits a tight O.04ppm/oC/mVof adjustment temperature coef- 
ficient. In many applications, the combined tempcos of an ad- 
justed REF-OBwill be superior to more expensive precision ref- 
erences with tighter initial tempcos but greater changes with ad- 
justment. 


The REF-OBhas been designed to operate from a "worst case" 
-12V power supply (-11.4V). This low dropout voltage makes 
the best of the poor supply regulation in some digital systems. 
Its 1OmAoutput current capability and unloaded supply current 
of only 2mA provide better power/performance than most tradi- 
tional op amp inverter circuits. 
• 


s~:rVour 


N.C. 
-10.DOY 


GND 
-10.24V 


Input VOltage (VIN) ........•.....•..••..••..•...•.....•...•...... 
, _._... 
_. 


Output Voltage (VOUT) 
.....•..................................... 
+0.3V to VIN 
TRIM Voltage (pin 8) 
+0.3V to VIN 
SELECT Voltage (pin 4) 
+0.3V to VOUT 


Output Short-Circuit Duration 
(to Ground or VIN) .................•.............•................. 
30 seconds 
Operating Temperature Range 
REF-08BZ 
-55°C to +125°C 
REF-08GZ, HP, HS 
-40°C to 85°C 
Storage Temperature Range 
Z Package 
-65°C to +150°C 
S, P Packages 
-65°C to +125°C 


PACKAGE 
TYPE 
81A(NOTE 2) 
81C 
UNITS 


8·Pin Hermetic DIP (Z) 
162 
26 
'c/w 


8·Pin Plastic DIP (P) 
110 
50 
'CfW 


8·Pin SO (5) 
160 
44 
'CfW 


NOTES: 
1. 
Absolute 
maximum 
ratings 
apply to both DICE and packaged 
parts, 
unless 
otherwise 
noted. 


2. 
8 ..•.is specified 
for worst case mounting 
conditions. 
i.e., 91A is specified 
for 
d~vice in socket for CerDIP 
and P·DIP packages; 81Ais specified 
for device 


soldered 
to printed circuit board for SO package. 


ELECTRICAL 
CHARACTERISTICS 
at VIN = -15V, NO LOAD, SELECT = open circuit; -55°C", TA'" +125°C for the REF08BZ, and 


-40°C '"TA'" +85°C for the REF08GZ/HP/HS, unless otherwise noted. 


REF-OSB 
REF-OSG 
REF-OSH 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNITS 


TA = +25'C 
-10.03 
-9.97 
-10.04 
-9.96 
-10.04 
-9.96 
-10VOutput 
Vo 
v 
Voltage 
T""N to T "'AX 
-10.05 
-9.95 
-10.06 
-9.94 
-10.08 
-9.92 


-10V 
Output 
TA =+25'C 
±30 
±40 
±40 


Voltage 
tJ.Vo 
mV 


Tolerance 
T""N to T"'AX 
±50 
±60 
±80 


-10.24 
Output 
TA = +25'C 
-10.28 
-10.20 
-10.29 
-10.19 
-10.30 
-10.18 


Voltage 
Vo 
V 


(Seleet=GND) 
TM1Nto 
TMAX 
-10.30 
-10.18 
-10.32 
-10.16 
-10.36 
-10.12 


-10.24V 
Output 
TA = +25'C 
±40 
±50 
±60 
Voltage 
tJ.Vo 
mV 
Tolerance 


(Seleet=GND) 
TMINtoTMAX 
±60 
±80 
±120 


Output Voltage 


Temperature 
TCVo 
(Note 1) 
50 
80 
100 
ppm/'C 


Coefficient 


ELECTRICAL 
CHARACTERISTICS 
atVIN =-15V, NO LOAD, SELECT = open circuit;-55°C",TA 
'" +125°Cforthe 
REF08BZ, and 


-40°C '"TA'" +85°C for the REF08GZ/HP/HS, unless otherwise noted. 


REF-08 


CHARACTERISTIC 
SYMBOL 
CONDmoNS 
MIN 
TYP 


Output Voltage 
aVTR1M 
RTAI", = 10kn 
±270 
±350 
Adjustment 
Range 


Output Voltage 
f=2kHzt01OkHz, 


75 
Noise 
9np_p 
TA =+25'C 


Une Regulation 
LN,•• 
V'N=-11.4Vto~6V 
12 


IOUT=OtOl0mA 
Load Regulation 
LDreg 
TA =+25'C 
10 


TM1Nto 
TMAX 
15 


ELECTRICAL 
CHARACTERISTICS 
at VIN = -15V, 
NO LOAD, SELECT = open circuit; -55°C 
0; T A 0; +125°C for the REFOBBZ, and 


-40°C 
0;T A 0; +B5°C for the REFOBGZ/HP/HS, 
unless otherwise noted. Continued 


Load 
Current 


(Into Pin 1) 


Load Current 


(Out of Pin 1) 


Short-Circurt 


Output 
Current 


Quiescent 
Supply 


Current 


NOTES: 
1.The REF-08BZ 
TCV 0 is tested by measuring 
Output Voltage 
at -55°C 
and +125°C 
to guarantee 
the TCV 0 limit. The REF-OBGZ, 
HP, HS are tested by measuring 
Out- 


put Voltage 
at 25°C to guarantee 
the TCV 0 limits. TCV 0 is calculated 
by the end 


point method: 


DIE SIZE 0.066 x 0.065 Inch, 4290 sq. mils 
(1.68 x 1.65mm, 2.n sq. mm) 


TCVO = [VO(™AXl- 
VO(TMN)] 
i1 ppm/oC 
(10V)(10-6)(12S"Cl 


1A. Vou'" 
lB. 
VOUT* 
4. 
SELECT 
5. 
GND 
7. 
VIN 
8. 
TRIM 
• 


REFoOBN 
LIMITS 
UNITS 


-10.04 
VMIN 
-9.96 
V MAX 


-10.30 
VMIN 


-10.18 
V MAX 


±SO 
ppmNMAX 


±2S 
ppmlmAMAX 


±270 
mVMIN 


2.0 
mAMAX 


Output Adjustment 


Voltage 
Range 


Quiescent 
Supply 
Current 
ISY 


NOTE: 
Electrical 
tests are performed 
at wafer probe to the limits shown. 
Due to variations 
in assembly 
methods 
and normal 
yield loss, yield after packaging 
is not guaranteed 
for standard 


product 
dice. Consurt factory 
to negotiate 
specifications 
based on dice lot qualification 
through 
sample 
lot assembly 
and testing. 
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LONG 
TERM 
DRIFT 
LONG 
TERM 
DRIFT 
ACCELERATED 
BY BURN·IN 
ACCELERATED 
BY BURN·IN 
CERDIP 
PACKAGE 
PLASTIC 
PACKAGES 


176 
UNrTS 
TESTED 
178 UNITS TESTED 
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",.IQI 
oepenoence on load current. input voltage or temperature vari- 
ations. This single package device works well as an absolute 
reference point in data conversion circuits, or in analog circuits 
such as logarithmic amplifiers, strain gauge bridge measure- 
ment systems. and power supply circuits. The REF-OBis espe- 
cially applicable to CMOS data converter circuits that require 
-10V references. 


BASIC CONNECTIONS 


Figure 1 shows the connection diagram for the REF-OB. For DC 
loads, no output capacitors are required. For high current load 
conditions Load Regulation needs consideration. 
The REF-OB 
load regulation of 25ppm/mA equates to 0.250 of output resis- 
tance. To maintain accurate distribution of the reference output 
voltage to the rest of the system. wiring resistances must be kept 
as small as is practical. 


For dynamic loads the addition of Co reduces high frequency 
output resistance which is shown in the ROUTvs. frequency 
graphs inthe typical performance characteristics. This is gener- 
ally important with AID converters that have a continuously 
changing load. 


In the typical performance characteristics 
graph section, the 
Load Transient response plot shows a 11!srecovery time to a 
1mA load current change which is representative of several 
typical CMOS AID converters. 
Choosing the 0.011!F in parallel 


with a 1OI!Fcapacitor for Co adequately reduces the reference 
output voltage transient amplitude. 


One refinement to further reduce the reference voltage output 
transient is introduction of Ro in series with the output filter ca- 
pacitors. Ro should be chosen equal to 1/21tCofp where Co is 
the total output filter capacitance and fp is the frequency in the 
ROUTvs. frequency plot at which the peak value of ROUToccurs. 
This extra resistance, Ro' effectively damps the circuit reso- 
nance further reducing the voltage transient during output load 
changes. 


v"'" 
-10.ooV 
SELECT. 
N.C. 


OR 
-10.24V 
SELECT: 
GND 


• FOR 
DC LO"'DS 
Rr 
Co UNNECESSARY 


• FOR 
DYN ••.•• IC LO"'DS 
••.DD Co' 
"'CROSS 
REFERENCE 
OUTPUT 
• FOR-.270mVOUTPUTVOLT"'GEADJUSTMENT"'DD~ 


• CLOSES. 
FOR-10.24VVOUT 


UUlPUI 
vOltages within ±270mV of nominal can easily be ob- 
tained by addition of the 1Ok Trimpot~ This range adequately 
addresses the full-scale adjustment ranges required by CMOS 
AID and D/A converters. The effect on the REF-OBoutput volt- 
age temperature coefficient is a low 0.04ppm/oC per mV of ad- 
justment. 


FIGURE 2: -1OV Reference 
for 8-Bit CMOS Analog-to-Digital 
Converter 
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+1OVPrecision Voltage Reference 
(Guaranteed Long-Term Stability) 


REF-l0 
I 


FEATURES 


• 
10 Volt Output 
• 
Guaranteed 
Long-Term 
Stability 


. . . . . . . . . . . . . . . . . . . . . . .. 
SOppm/1000 
Hrs Max 
• 
Excellent 
Temperature 
Stability 
8.Sppm/o 
C Max 
• 
Low Noise 
30/tVp_p 
Max 
• 
Low Supply 
Current 
1.4mA Max 
• 
Wide 
Input 
Voltage 
Range 
12V to 40V 
• 
High 
Load-Driving 
Capability 
20mA 
• 
Short-Circuit 
Proof 
• 
Processed 
Per MIL-STD-883 


gua'ranteed at SOppm/1000 hrs, maximum. Single-supply 
operation over an input voltage range of 12V to 40V, low 
current drain of 1mA, and excellent temperature stability are 
achieved with an improved bandgap design. Low cost, low 
noise, and low power make the REF-10an excellent choice 
whenever a stable voltage reference is required. Applications 
include D/A and AID converters, portable instrumentation, 
and digital voltmeters. For+SV precision voltage references, 
see the REF-OSdata sheet. 


N.C.• 
N,CO·7N.C. 


VIN 2 
6 VOUT 


N.C. 3 
5 TRIM 


4 
GROUND 
(CASE' 


1\.•..1'.. 


flrt... REF-10- -- • 


TO·99 
(J-Sufflx) 
REF-10AJ/883 
REF-10BJ/883 


GENERAL 
DESCRIPTION 


The REF-10 precision voltage reference provides a stable 
+10V output that can be adjusted over a ±3% range with 
minimal effect on temperature stability. Long-term drift is 


-140 
o 
20 
40 
60 
80 
100 
120 
140 
160 
180 


DAYS elAPSED 


INPUT 
2 


Rl' 


a,. 


OUTPUT 
• 
R3 


R12'" 16.7kn 


R9'" 50kn 
TRIM 
R' 
a' 
• 


Rl 


Rl1"'2kn 


R2 


GROUND 
4 


ELECTRICAL CHARACTERISTICS 
at 
VIN = +1SV, 
TA = 2S· 
C, 
unless 
otherwise 
noted. 


REF-lOA 
REF-lOB 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Output 
Voltaga 
Vo 
IL =0 
9.97 
10 
10.03 
9.95 
10 
10.05 
V 


Output 
Adjustment 
Range 
t\Vtrim 
Rp= 
10kO 
+3 
±3.3 
±3 
±3.3 
% 


Output 
Voltage 
Noise 
8np-p 
O.lHz 
to 10Hz (Note 5) 
20 
30 
20 
30 
I'Vp_p 


Long-Term 
Stability 
(Nota 
5) 
50 
50 
ppmll000 
Hrs 


Line Regulation 
(Note 4) 
V,N = 13V to 33V 
0.006 
0.010 
0.006 
0.010 
'IoN 


Load Regulation 
(Note 4) 
IL =0 
to 10mA 
0.005 
0.08 
0.006 
0.010 
%/mA 


Turn-On 
Settling 
Time 
ton 
To ±0.1% 
of final value 
5 
~sec. 


Quiescent 
Supply 
Current 
' 
sy 
No Load 
1.0 
1.4 
1.0 
1.4 
mA 


Load Current 


' 
L 
10 
21 
10 
21 
mA 


Sink Current 
's 
(Note 6) 
-0.3 
-0.5 
-0.3 
-0.5 
mA 


Short-Circuit 
Current 
' 
sc 
Vo=O 
15 
30 
60 
15 
30 
60 
mA 


ABSOLUTE MAXIMUM RATINGS (Note 
1) 


Input 
Voltage 


REF-10A, 
B .........•......................•................................... 
40V 


Output 
Short-Circuit 
Duration 


(to 
Ground 
or V,N) 
..............................•.......•........... 
Indefinjte 


Storage 
Temperature 
Range 
-6S·C 
to 
+lS0·C 


Lead 
Temperature 
(Soldering, 
60 
see) 
...............•....•...•.• 
300·C 


Operating 
Temperature 
Range 


REF-10A, 
REF-lOB 
.........•.....•...••............. 
-SS·C 
to 
+ 12S·C 


PACKAGE 
TYPE 
elA (NOTE 2) 
e1c 
UNITS 


TO-99 (J) 
170 
24 
·C/W 


NOTES: 
1. 
Derate at 7.1 mW/·C 
above 80·C ambient 
temperature 
for TO-99 package. 


2. 
elA is specified 
for worst case mounting 
conditions, 
i.e., elA is specified 
for 
device in socket for TO package. 


Output 
Voltage 
Change 
with 


Temperature 
(Notes 
1 & 2) 


Output 
Voltage 


Temperature 
Coefficient 


Change 
in Vo Temperature 


Coefficient 
with Output 


Adjustment 


Line Regulation 


(V'N = 13V to 33V) (Note 4) 


Load 
Regulation 


(IL = 0 to 8mA) 
(Note 4) 


Quiescent 
Supply 


Current 


REF-lOA 
REF-lOB 
CONDITIONS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
UNITS 


-55°C:S 
TA:s +125°C 
0.06 
0.15 
0.18 
0.45 
% 


(Note 3) 
3 
8.5 
10 
25 
ppml"C 


Rp ~ 1OkO 
0.7 
0.7 
ppm/% 


-55°CSTA$+125°C 
0.009 
0.015 
0.009 
0.015 
%N 


-55°CSTA$+125°C 
0.007 
0.012 
0.009 
0.015 
%/mA 


No Load 
1.6 
2.0 
1.6 
2.0 
mA 


NOTES: 
1. 
6VOT is defined 
as the absolute 
difference 
between 
the maximum 
output 


voltage 
and the minimum 
output 
voltage 
over the specified 
temperature 


range expressed 
as a percentage 
of 10V. 


! 


VMAX-VMIN I 
toVOT ~ 
10V 
x 100 


2. AVOTspecification 
applied 
trimmed 
to +10.000V 
or untrimmed. 


3. TCVo is defined 
as AVOT divided 
by the temperature 
range, 
Le., 


toVOT (-SS·C 
to +12S·C) 


TCVo (-SS·C 
to +12S·C) 
= 
180.C 


4. 
Line and Load Regulation 
specifications 
include 
the effect of self heating. 


5. 
Sample 
tested. 
Long-term 
stability 
is 
tested 
with 
power 
applied 
continuously. 
6. 
During 
sink current 
test the device 
meets the output 
voltage 
specified. 


OUTPUT ADJUSTMENT 


The REF-10 trim terminal 
can be used to adjust the output 
voltage over a 10V ±300mV 
range. This feature allows the 
system designer to trim system errors by setting the refer- 
ence to a voltage other than 10V. Of course, the output can 
also be set to exactly 10.000V. 


TRIM 


GNO 


4 


LINE REGULATION 
va FREQUENCY 


7. 


56 


•• 


46 
0.1 


36 


2. 
1.0 


1. 
VtN -15V 
TA-+2S·C 
•10 
100 
1. 
10k 
lOOk 


FREQUENCY 
(Hl.) 


Adjustment 
of the output 
does not significantly 
affect the 
temperature performance of the device. Typically, the temper- 
ature coefficient 
change is O.7ppm/o C per 100mV of output 


adjustment. 


OUTPUT WIDEBAND 
NOISE VI BANDWIDTH (0.1Hz 
TO FREQUENCY INDICATED) 


10,000 
• 


OUTPUT CHANGE DUE 
TO THERMAL SHOCK 


VIN -15V 


TA- 
TA- 
2S·C 
7sOe 


/ - 
/ 
I 


/ 
~EVICE IMMERSED 
IN 7soe ?IL BATH 


MAXIMUM LOAD CURRENT 


vs INPUT VOLTAGE 
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INPUT VOLTAGE 
(VOLTS) 


NORMALIZED 
LOAD 
REGULATION (~IL = 10mA) 
va TEMPERATURE 
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vs TEMPERATURE 
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NORMALIZED 
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va TEMPERATURE 
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QUIESCENT CURRENT 
vs TEMPERATURE 
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TEMPERATURE 
,"el 


'''0 


B1 B2 B3 B4 B5 B8 B7 B8 
E 
.,sv 
MS8 
LSB 
SJl'ln 


POS FULL-SCALE 
-1 LSB 
+4.960 


ZERO-SCALE 
0 
0 
0 
0 
0 
0 
0 
0.000 


0.' 
NEG FULL-SCALE 
+ 1LSB 
0 
0 
0 
0 
0 
0 
0 
-4.960 
., 


NEG FULL-SCALE 
0 
0 
0 
0 
0 
0 
0 
0 
-5.000 


+15V 
-15V 
-15V 


l.v 


2 


V,N 


Vo 
1 


O.1J.lF 
REF-l0 


~9V 
TRIM 
ONO 
• 
+16V 


2 


V,N 


PRECISION CURRENT SOURCE 


A current source with 25V output compliance 
and excellent 
ou~ut 
impedance 
can be obtained 
using this circuit. 
REF- 
10 2 ~eep-sthe line v~ltage and power dis~ipati~n constant 
in 
eVlceG); the only Important error consideration 
at room 
temperature 
is the negative supply rejection of the op amp. 


The typical31lVN 
PSRR of the OP-Q2E will create an 8ppm 
change (3IlVNX 
25V/10V) in output current over a 25V range. 


For example, a 10mA current source can be built (R = 1kO) 
with 300 MO output impedance. 


25V 
Ro - 
8 x 10 -6 x 10mA 


A 
(TRIM 
FOR 
CALIBRATION) 


SUPPLY 
BYPASSING 


For best results, it is recommended that the power supply pin 
is bypassed with a 0.11lFdisc ceramic capacitor. 


REFERENCE STACK WITH EXCELLENT LINE 
REGULATION 


Three REF-10's can be stacked to yield 10.000, 20.000 and 
30.oo0Voutputs. 
An additional advantage is near-pertect line 
regulation 
of the 10.000 and 20.000V output. 
A 32V to 60V 
input change produces an output change which is less than 
the noise voltage of the devices. A load bypass resistor (RB) 
provides a path for the supply current 
(ISY) of the 20.OO0V 
regulator. 


In general, any number of REF-10's can be stacked this way. 
For example, ten devices will yield outputs of 10. 20, 30 ... 
100V.The line voltage can range from 105Vto 130V.However, 
care must be taken to ensure that the total load currents do 
not exceed the maximum usable current (typically 
21mA). 


12 32V to 60V 
TRIMM 
OUTPU 


V,N 
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- 


30_;:._ 


Vo 


REF·1D 


TRIM 
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lOkO 
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VOltage KeTerence 


REF-43 
I 


FEATURES 


• 
+2.5 Volt Output 
±O.05%Max 
• 
Low Temperature Coefficient. 
. . . . . . . . . .. 
10ppm/·C Max 
• 
Excellent 
Regulation 
Load Regulation 
20ppm/mA Max 
Line Regulation . . . . . . . . . . . . . . . . . . . . . . .. 
2ppmN Max 
• 
Supply Current 
450~A Max 
• 
Temperature Voltage Output 
+1.9mV/·C 
• 
Operating Voltage Range 
+4.5V to +40V 
• 
Extended Industrial Temp Range 
-40·C to +85·C 


• 
Available 
In Die Form 


ORDERING 
INFORMATION 
t 


PACKAGE 


CERDIP 
PLASTIC 
LCC 
8-PIN 
8-PIN 
2().(X)NTACT 


Tight output tolerances and low thermal drift are assured by 
zener-zap trimming of both output voltage and its temperature 
coefficient. A unique curvature correction circuit reduces the 
thermal curvature which is characteristic 
of many previous 
bandgap references. 


PIN CONNECTIONS 


~ 
>- 


ti 
ti 
:3 ~ 
i 
l- i 
I- 
Z 
, 
2019 


N.C. . 
18 
N.C . 


v," , 
11 N.C. 


N.C. , 
18 
N.C. 


TEMP 
7 
16 
VOUT 


N.C . . 
14 
N.C. 


ti 
Cl 
ti 
:I 
ti 
i 
Z i a: i 
" 
I- 


REF-43BRC/883 
20-CONTACT LCC 
(RC-Suffix) 


TEST- 


TEST·O· 
7 
N.C. 


V1N 2 
6 
VOUT 


TEMP 3 
5 TRIM 


4 
GROUND 
(CASE) 


OPERATING 
TEMPERATURE 
RANGE 


10 
REF43BJ' 
REF43BZ' 
REF43BRCl883' 
MIL 
10 
REF43FJ 
REF43FZ 
XIND 
25 
REF43GJ 
REF43GZ 
REF43GP 
XIND 
25 
REF43GS 
XIND 


FordevicesprocessedintotalcompliancetoMIL-STD-883.add/883afterpart 
number.Consultfactory for 883 data sheet. 
Burn·in is available on commercial and industrial.temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 


TO-99 
(J-Suffix) • 


8-PIN CERDIP 
(Z-Sufflx) 


8-PIN PLASTIC DIP 
(P-Suffix) 
8-PINSO 
(S-Suffix) 


GENERAL 
DESCRIPTION 


The REF-43 is a low-power precision reference providing a 
stable +2.5V output independent of variations in supply voltage, 
load conditions 
or ambient temperature. 
It is suitable as a 
reference level for 8, 10and 12-bit data acquisition systems. or 
wherever a stable, known voltage is required. 


to +40V. The output 
vOltage 
cnanges 
oy '''~~ 
1110111 1I0I'V 
"V," 
one 
extreme 
of supply 
voltage 
to the 
other. 
With 
only 
450l'A 
maximum 
quiescent 
current, 
the 
REF-43 
is ideally 
suited 
to 
applications 
where 
power 
dissipation 
must be minimized, 
as in 
precision 
battery-powered 
equipment. 
The low supply 
current 
minimizes 
drift 
due to self-heating 
after 
power-up. 


A temperature 
output 
provides 
a means 
of determining 
system 
ambient 
temperature. 
Applications 
of the REF-43 
include 
AID 
and D/A conversion, 
4-20mA 
transmitter/receiver 
operation. 
log 
amplifiers, 
and power-supply 
regulators. 


For a low-cost 
2.5V reference 
available 
in small-outline 
pack- 
ages consult 
the REF-03 
data sheet. 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Note 
1) 
Supply 
Voltage 
....•...••••••.•....•.•..............•..•...••••••........•.••••••• 
40V 


Output 
Short-Circuit 
Duration 
...............•......•.•.....•.•.• 
Indefinite 


REF-43F 
(J, Z) 
-40°C 
to +85°C 
REF-43G 
(J, Z. P, S) ••.•.•..••...•....•...•.•......•..•• 
-40°C 
to +85°C 
Storage 
Temperature 
Range 
••••••••••••••..•••••••. -65°C 
to + 175°C 
Junction 
Temperature 
Range 
...............•.•..••• 
-65°C 
to + 175°C 
Lead Temperature 
(Soldering, 
10 see) ••••••••••••••••••••••••••300°C 


81"(Note2) 


150 


148 


103 


9B 


158 


TQ.99(J) 


8-PinHermeticDIP(Z) 


8-PinPlasticDIP(P) 


2O-ContaellCC(AC) 


8-PinSO(5) 


NOTES: 
1. Absolute maximumratings apply to both DICE and packaged pans, unless 
otherwisenoted. 
2. 8j" is specifiedfor worst case mountingconditions, Le.•8." is specified for 
devicein socketfor TO, CerOIP.P-DIP,and lCC package~;8." is specified 
for devicesolderedto printedcircuit boardfor SO package. 
J 


ELECTRICAL 
CHARACTERISTICS 
at VIN= +5\1, IL = OmA, TA = 25°C 
unless 
otherwise 
noted. 


REF-43B 
REF-43F 
REF-43G 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Output Voltage 
No Load 
0.04 
0.1 
0.02 
0.06 
0.04 
0.1 
% 
Tolerance 


Output Voltage 
Va 
No Load 
2.4975 
2.5000 
2.5025 
2.4985 
2.5000 
2.5015 
2.4975 
2.5000 
2.5025 
V 


Output Voltage 
10Hzto 1kHz 
10 
10 
10 
Noise 
enRMS 
(Note 1) 
#otVAMS 


Line Regulation 
V'N= +4.5V 
0.8 
0.8 
0.8 
ppmlV 
to +40V 


Load 
Regulation 
I, = OmA 
14 
20 
14 
20 
14 
20 
ppm/mA 
to 10mA 


Quiescent 
ISY 
340 
340 
Supply Current 
No Load 
450 
450 
340 
450 
"A 


Load Current 
10 
20 
(Sourcing) 
I, 
(Note 2) 
10 
20 
10 
20 
mA 


Load Current 
Is 
(Note 3) 
-1.2 
-1.2 
(Sinking) 
-1.2 
mA 


Short-Circuit 
Isc 
Output Shorted 
60 
60 
Output Current 
to Ground 
60 
mA 


Temperature 
Voltage 
VTEMP 
567 
567 
567 
mV 
Output 


VouTAdjust 
±95 
±95 
±95 
mV 
Range 


Long-Term 
dVolTime 
(Note 4) 
ppm/month 
Output Drift 


NOTES: 
1. Guaranteed 
but not tested. 
2. Guaranteed 
by load regulation 
test. 


3. Output 
remains 
within 
2.5V ±2.5mV. 
4. Calculated 
from accelerated 
life tests at TA = 150°C. 


Activation 
energy 
= O.7eV. 


ELECTRICAL 
CHARACTERISTICS 
at VIN = +5V. IL = OmA, -55°C 
$ T A $ + 125°C forthe 
REF·43B 
and -40°C 
$ T A $ +85°C 
forthe 


REF-43F/G, 
unless 
otherwise 
noted. 


Output Voltage 
va 


Output Voltage 


Temperature 
TCVa 
Coefficient 


REF-43B 
REF-43F 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


No Load 
0.1 
0.2 
0.06 
0.12 


No Load 
2.495 
2.500 
2.505 
2.497 
2.500 
2.503 


-55'C 
STA S+125'C 
6 
10 


-40'C 
S T AS +85'C 
6 
10 


(Note 1) 


V,N=+4.5V 
3 
3 


to +40V 


IL_OmA 


25 
40 
20 
35 
to10mA 


No Load 
400 
600 
400 
600 


(Note 2) 
10 
20 
10 
20 


AT =±25'C 
100 
100 


1.9 
1.9 


REF-43G 
MIN 
TYP 
MAX 
UNITS 


0.1 
0.2 
% 


2.495 
2.500 
2.505 
V 


10 
25 
ppm/'C 


3 
ppmIV 


25 
40 
ppm/mA 


400 
600 
IIA 


10 
20 
mA 


Quiescent 


Supply Current 


Load Current 


(Sourcing) 


Temperature 


Hysteresis 
of 


Output Voltage 


Temperature 


Voltage 
TCVTEMP 
Output Tempco 


NOTES: 
1. 
Output voltage temperature 
coefficient 
is measured by the box method. 


The tampeo is defined 8S the slope altha diagonal of a box drawn around 
the output voltage plotted against 
temperature. 
VouTis measured at TMIN. 
25°C and T MAX'er 
the applicable 
temperature 
range. The lowest of these 


three readings 
is subtracted 
from the highest reading and the resulting 


difference 
is divided 
by (T MAX- T MIW' 


2. 
Guaranteed 
by Load Regulation 
test. 


+J'D., 
• 


DIE SIZE 0.085 X 0.062 Inch, 5270 sq. mils 
(2.16 x 1.57 mm, 3.39 sq. mm) 


2. VON 
3. TEMPERATURE 
OUT 
4A. GROUND" 
4B. GROUND" 
5. TRIM 
6A. VOUTFORCEt 
6B. VOUTSENSEt 


"PADS 4A AND 4B MUST BOTH BE BONDED 
TO GROUND. 
tVOUT FORCE AND SENSE ARE TYPICALLY 
BONDED 
TOGETHER 
AT THE LOAD. 


REF-43N 


CONDITIONS 
LIMIT 
UNITS 


No Load 
2.500 ± 0.005 
V MAX 


(Note 
1) 
0.2 
'!loMAX 


V'N = +4.5V 
to +40V 
ppm MAX 


'L = OmA to 10mA 
20 
ppm MAX 


No Load 
450 
~A MAX 


(Note 2) 
10 
mAMIN 


Line Regulation 


Load Regulation 


Quiescent 
Supply Current 


Load Current 
(Sourcing) 


NOTES: 
1. 
Final output trims are not performed 
on standard product 
dice. These 
trims are typically 
performed 
after packaging. 
Precision 
Monolithics 
Inc. 


assumes no responsibility 
for 
improper 
trimming 
by the customer. 


Contact 
factory 
for trim methods. 


2. 
Guaranteed 
by toad regulation 
test. 


Electrical 
tests are performed 
at wafer probe to the limits 
shown. 
Due to variations 
in assembly 
methods 
and normal 
yield loss, yield after packaging 
is not 
guaranteed 
for standard 
product 
dice. Consult factory 
to negotiate 
specifications 
based on dice lot qualification 
through 
sample lot assembly and testing. 
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REGULATION 
vs TEMPERATURE 
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OUTPUT 
VOLTAGE 
CHANGE 
vs TEMPERATURE 
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WIDEBAND 
OUTPUT NOISE 
va BANDWIDTH 
(0.1Hz TO 
FREQUENCY INDICATED) 


TEMPERATURE PIN VOLTAGE 
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OUTPUT IMPEDANCE 
va FREQUENCY 
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._ 
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~Q~ 
Q 
~"lUl" 
T£.:>V 
output 
voltage 
with 
mini mal dependence 
on load cu rrent, Iine voltage 
or tem per- 
ature. 
This voltage 
is typically 
used to set an absolute 
refer- 
ence point 
in data conversion 
circuits, 
or in analog 
circuits 
such as log amps, 4-20mA 
transmitters 
and power 
supplies. 
The 
REF-43 
is of 
particular 
value 
in systems 
requiring 
a 
high-precision 
reference 
using 
a single 
+5V 
supply 
rail, or 
where 
power 
dissipation 
must be minimized. 


Because 
an onboard 
operational 
amplifier 
is used to amplify 
the basic bandgap 
cell voltage 
to 2.5V, supply 
decoupling 
is 
critical 
to the transient 
performance 
of a voltage 
reference. 


The supply 
line should 
be bypassed 
with 
a 10/LF tantalum 
capacitor 
in parallel 
with a 0.01/LF to 0.1/LF ceramic 
capacitor 
for 
best 
results. 
For less critical 
conditions, 
a single 
0.1/LF 
capacitor 
is adequate. 


Output 
decoupling 
is 
not 
generally 
required 
or 
recom- 


mended, 
except 
to 
achieve 
the 
lowest 
possible 
high- 
frequency 
output 
impedance 
when loads are being switched 
in and out quickly. 
As was the case with supply 
decoupling, 


best results will be achieved 
with a 10/LFtantalum 
capacitor 
in 
parallel 
with 
a 0.01/LF to 0.1/LF ceramic 
capacitor. 
Recom- 
mended 
high-frequency 
decoupling 
is shown 
in Figure 
2A, 


while 
the transient 
response 
of the REF-43 to a sudden 
2mA 
load 
is shown 
in Figures 
2B and 2C. As can be seen from 
Figure 2B, if the reference 
is given 1O/Lsto settle after applica- 


tion 
or 
removal 
of 
the 
load, 
no 
output 
decoupling 
is 


necessary. 


Load regulation 
is a measure 
of the DC output 
impedance 
of 
the 
reference. 
For 
the 
REF-43, 
this 
value 
is specified 
at 
20ppm/mA 
Max, which 
is equivalent 
to only 50 milliohms 
of 
output 
impedance. 
It is obvious 
that to truly 
realize this per- 
formance 
level, wiring 
resistances 
from 
the reference 
to the 
rest of the system 
must be kept as low as is practical. 


The REF-43 is capable 
of delivering 
at least 10mA to a load. 


To maintain 
its precision 
operation, 
loads 
should 
be kept 
within 
the 10mA specification. 
High-speed 
testing 
requires 
that load regulation 
is measured 
on a pulse basis, therefore 
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when 
calculating 
the output 
voltage 
tolerance 
within 
a sys- 


tem, 
the 
effects 
of current 
delivered 
to the 
load 
must 
be 
accounted 
for both as load regulation 
and as a temperature 
increase 
due to power 
dissipated 
within 
the IC. In AC sys- 
tems, 
the RMS power 
dissipation 
should 
be used. 
Thermal 
effects 
can 
be significant 
since 
a REF-43 
delivering 
10mA 
with an input voltage 
of 40V must dissipate 
almost 
400mW of 
power. 
In the TO-99 
package, 
400mW of power 
corresponds 
to a die temperature 
increase 
of 60·C above ambient. 


Die temperature 
is calculated 
by Tj= (Po x ElJAl + TA> where 
Po is the 
sum 
of the 
power 
dissipation 
due 
to quiescent 
current 
and current 
delivered 
to the load, 
Po = (Isy x Vs) + 


(I LOAO x (Vs-2.5V)). 
The 
ElJA for different 
packages 
in a PC 
board 
surrounded 
by free air are listed 
below. 


PACKAGE 
TYPE 


TO·99 


CERDIP 


PLASTIC 


LCC 


TYP 
eJA(Oc/W) 


150 


80 


80 


110 


An additional source of error isdue to temperature gradients 
across the package leads, resulting in thermocouple effects. 
Temperature gradients will be generated when the IC is 
required to dissipate large amounts of power. Even at low 
power levels, thermocouple effects may appear as low fre- 
quency noise due to air currents across the leads. A signifi- 
cant improvement in low-frequency noise will be found by 
encasing the reference and any metal junctions 
such as 
solder joints (which form thermocouples) along the refer- 
ence path in a light insulating foam or other enclosure to 
reduce turbulence. Thermocouple effects can easily add over 
1OllVp_pof low-frequency noise. 


The temperature output of the REF-43 provides an output 
voltage which is proportional to the die temperature. When 
the REF-43 is operating at constant load current, this is a 
good indication of system temperature. The nominal output 
voltage 
at 25°C 
is 567mV, and the slope 
is typically 
1.9mVI"C(±0.2mV/oC). The TEMP output is affected by the 
internal trimming done for output voltage tolerance, and will 
vary between units. If the temperature pin 3 is connected to 
external circuitry, it should be buffered by an op amp. Current 
into or out of pin 3 will change the temperature coefficient 
and curvature of the output voltage, while capacitance at the 
pin can create instabilities within the reference amplifier. 


GENERATING 
A -2.5V REFERENCE 
Often, there is a requirement for a negative referencevoltage. 
The simplest method of generating a-2.5V reference with the 
REF-43is to connect an op amp in a gain of -1 to the output, 
as shown in Figure 3. This provides both positive and nega- 
tive 2.5V references. Figure 4 shows another method of 
obtaining a negative reference, in which the current-output 


element isa PNPtransistor, with the REF-43in a servo loop to 
ensure that the output remains 2.5V below ground. 


BOOST 
TRANSISTOR 
PROVIDES 
HIGH 
• 
OUTPUT 
CURRENT 
When applications require more than 10mAcurrent delivery, 
an external boost transistor may be added to the REF-43to 
pass the required current without 
dissipating 
excessive 
power within the IC. The maximum current output to the 
system is bounded only by the capabilities of the boost tran- 
sistor. This technique is shown in Figure 5 with and without 
current limiting. Current limiting may be used to prevent 
damage to the boost transistor. In Figure 5b, the limit occurs 
when the voltage dropped across R2exceeds one VSE(0.6V). 
The current limit is sensitive to the variations of the diodes' 
forward drop and the PNP's VSEwith temperature, and will 
decrease with increasing temperature. 


LOW-POWER CMOS DAC REFERENCE 
The REF-43makes an excellent reference for usewith CMOS 
and bipolar DACs. Figure 6 shows the REF-43connected to 
the DAC-8012, a 12-bit parallel loading CMOS DAC with 
memory. With an OP-43 output amplifier for fast settling, the 
circuit requires less than 3mA when driven from TTL gates, 
and less than 2mA when driven from CMOS gates. In situa- 
tions not requiring the higher speed of the OP-43, enhanced 
linearity and some savings in power dissipation can be real- 
ized using an OP-97 for the output amplifier. 


PRECISION CURRENT SOURCE 
Current sources are often required in analog processing and 
computational circuits. The circuit of Figure 7 shows a high- 
output-impedance current source capable of single-supply 
operation. Performance is optimal at current levels below 
1mA, since output voltage changes directly affect the power 
dissipated within the REF-43. 


REF-·n 


TEMP 3 


GND 
• 


TEMPERATURE MEASUREMENT 
Using the REF-43's TEMP output, a Kelvin-output thermom- 
eter that operates off a single +SV supply can be built as 
shown in Figure 8.Since the output of the REF-43'sTEMP pin 
is theoretically 
zero at OOK,trimming R3 adjusts both the 
slope and zero point. In actuality, the ±40mV zero point 
found by extrapolating the TEMP voltage vs.actual tempera- 
ture to zero will create a small error. A 4-20mA temperature 
transmitter is described on page 10which uses two trims to 
eliminate this inaccuracy. 


For wider temperature 
ranges than semiconductors 
can 
withstand, thermocouples are commonly used. Depending 
upon the type used, a thermocouple can measure tempera- 
tures over 1000°C. Thermocouples require a reference junc- 
tion, at a known temperature, usually O°C. Since it is not 
generally convenient to havean ice bath, electronic methods 
of simulating this junction have been developed, called cold- 
junction 
compensation. In Figure 9, diode 01 is mounted 
isothermally to the termination 
of the thermocouple, and 
along with R1and R2 provides the cold-junction compensa- 
tion required for accurate measurement. Using an OP-90 as 
the amplifier, the circuit will operate off a single +SV supply 
and is capable of measuring temperatures from O°C to 
+400°C. If negative temperatures must be measured, dual 
supplies must be used to allow the op amp to swing negative. 
In cases where the electronics are subject to temperature 
fluctuations, an OP-77 is recommended for its extremely low 
TCVos· 


R7 
82.5kn 
,.. 


1.0kO 
0.05% 


(ZERO) 
_OJ 


Calibration of the thermocouple amplifier is done after a 15 • 
minute warm-up time using RS.A copper wire short is placed 
across the thermocouple terminating junctions, simulating a 
O°C condition. R5 is then adjusted for a O.OOVoutput. The 
short is then removed and the amplifier is ready for use. Note 
that special care must be used in calibration when this circuit 
is operated single-supply, as the output of the OP-90 will 
swing to within 500,..Vofground, but not below ground. Thus 
RSmust be trimmed to the point where the output just barely 
reaches its swing limit. 


By changing the appropriate resistor values, the amplifier 
may be used with type S, J or K thermocouples. In all cases, 
the output has been scaled with R9 to provide an output of 
10mV/oC. 


SEEBECK 
TYPE 
COEFFICIENT, " 
R1 
R2 
R7 
R9 


K 
39.2,..V/oC 
1100 
S.76kO 102kO 
269kO 


J 
50.2,..V/oC 
1000 
4.02kO 80.6kO 
200kO 


S 
10.3,..VrC 
1000 
20.5kO 392kO 
1.07MO 


TWO-WIRE 4-20mA TRANSMITTERS 
4-20mA current loops are used in noisy environments for 
many types of remote data acquisition. With atwo-wire loop, 
the sensing circuitry 
can be powered with the same lines 
used for signal transmission. 


+2.5V 
REFERENCE 


2mAMAX 


The current 
transmitter 
of Figure 
10 provides 
an output 
of 
4mA to 20mA that is linearly 
proportional 
to the input voltage. 


Linearity 
of the transmitter 
exceeds 
0.004% and line rejection 
is below 
measurement 
limits. 


Biasing 
for the current 
transmitter 
is provided 
by the REF- 


43FZ. 
The OP-90EZ 
regulates 
the output 
current 
to satisfy 
the current 
summation 
at the noninverting 
node: 


2.SV RS ) 


R1 


For the values shown 
in Figure 
10, 


'OUT= 
(~)VIN+ 
4mA 
100n 


giving 
a full-scale 
output 
of 
20mA 
with 
a 100mV 
input. 


Adjustment 
of R2 will provide 
an offset 
trim and adjustment 
of R1 will 
provide 
a gain 
trim. 
These 
trims 
do not 
interact 
since the noninverting 
input of the OP-90 is at virtual 
ground. 


The Schottky 
diode, 
01, prevents 
input 
voltage 
spikes 
from 
pUlling 
the noninverting 
input 
more than 
300mV 
below 
the 
inverting 
input. 
Without 
the diode, 
such spikes 
could 
cause 
phase 
reversal 
of the 
OP-90 
and 
possible 
latch-up 
of the 
transmitter. 
Compliance 
of this circuit 
is from 4.SV to 40V. The 
voltage 
reference 
output 
can provide 
up to 2mA for trans- 
ducer 
excitation. 


The OP-90 is also available 
in dual and quad versions. 
Using 
an OP-490, three of the amplifiers 
can be used to implement 
a 
full instrumentation 
amplifier 
for signal 
conditioning 
before 
delivery 
to the 4-20mA 
transmitter. 
All four 
OP-90s 
require 
less than 
80!'A 
supply 
current, 
and thus 
have virtually 
no 
impact 
on the current-budget 
of the 4-20mA 
loop. 


Asimple 
temperature 
to 4-20mA transmitter 
is shown in Figure 
11.After calibration, 
the transmitter 
is accurate 
to within 
1·C 
over the -SO·C to +1S0·C temperature 
range. The transmitter 
operates 
from +SV to +40V with supply 
rejection 
better than 


3ppmlV. 
An OP-90 is used to buffer 
the TEMP 
pin, while the 
second 
OP-90 
regulates 
the 
output 
current 
to satisfy 
the 
current 
summation 
at its noninverting 
input. 


VTEMP(Rs+R7) 
(R2+Rs+R7) 
'OUT= 
---R- 
2 
-R-,-o--- 
VSET 
--R- 


2 
-R-,o-- 


The change 
in output 
current 
with temperature 
is the deriva- 
tive of the transfer 
function: 


aVTEMP 
_a_'_o_UT_= AT 
(Rs+ 
R7) 


From 
the formulas, 
it can 
be seen that 
if the gain 
trim 
is 
adjusted 
before 
the final 
offset 
trim, 
the two 
trims 
are not 


interactive, 
which greatly simplifies 
the calibration 
procedure. 


To calibrate 
the transmitter, 
begin 
by placing 
the REF-43 in 
an ice water 
(O·C) bath. 
If necessary, 
adjust 
the offset 
trim, 


RS, so that the output 
current 
is above 4mA. 


Record 
the output 
current. 
Next, place the REF-02 in a boil- 
ing water 
(100·C) 
bath. Adjust 
the gain trim, 
RS, so that the 
change 
in the output 
current 
reflects 
the desired 
mA/·C 
ratio 
described 
as follows: 


alFS 
Output 
Ratio = ----- 
aT OPERATING 


1SmA 


aT OPERATING 


As an example, 
assume the transmitter 
is to operate 
over the 


-SO·C to +1S0·C temperature 
range: 


1SmA 
1SmA 
Output 
Ratio = 
----- 
= ---= 
0.08mAfOC 
(1S0·C - SO·C) 
(200·C) 


If 10UTin the ice water bath equaled 
S.3mA, then in the boiling 
water 
bath: 


IOUT('OO0C)= 10UT(OoC)+ 100·C (0.08mAfOC) 


= S.3mA + 8mA = 14.3mA 


With the REF-43 
in the boiling 
water 
bath, the gain trim. 
R6, in 
this 
example 
should 
be adjusted 
so lOUT equals 
14.3mA. 


Once 
the gain trim 
has been completed, 
the offset 
trim can be 
made. 
Remember, 
that adjusting 
the offset 
trim 
will not affect 
the gain. 


The 
offset 
trim 
can 
be set 
at 
any 
known 
temperature 
by 
adjusting 
R5 until 
the output 
current 
equals: 


IOUT= 
( 
AI 
FS 
) 
(TAMBIENT-TMIN) 
+4mA 
AT OPERATING 


Using 
the 
previous 
example 
and 
assuming 
the 
REF-43 
is at 
20°C: 


V1N 2 


YOUT I 
REF-43BZ 
3 
Yn ••, 
4 
GND 
,.n 


R3 
RS 
100kn 
SkO 


IOUT= 
(~~~~) 
[200C 
- (-500C~ 
+ 4mA 
= 9.6mA 


Table 
1 shows 
the 
values 
of R6 and 
R7 required 
for 
various 
temperature 
ranges. 


TABLE 
1 


TEMP 
RANGE 


O°C to +70°C 


-40°C 
to +85°C 


-50°C 
to + 150°C 


R6 
(FIXED) 


10k 


6k 


3k 


R7 
(TRIMPOT) 


5k 


3k 


2k 


.,. 
lOOn 
1%,112W 
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LOW-POWER 
LOGARITHMIC 
AMPLIFIER 
A logarithmic 
amplifier 
accurate 
over more than 4 decades 
is 
shown 
in Figure 
12. This 
circuit 
requires 
less than 
2mA 
of 
current 
when 
the 
input 
is at 
1V (OV output). 
The 
output 
voltage 
is given 
by VOUT = 10g(VREP'RREF) - 
log(VItIR1N). 


thus 
the zero 
point 
may be adjusted 
by RREF and the input 
scaling 
by R1N• 
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joJ Selection Guide 
"" 
~ Data Acquisition Subsystems 
~» 
C')0 
Throughput 
~ 
Resolution 
Rate 
No. 
Bus 
Package 
Temp 
~ 
Model 
Bits 
kHz 
Channels 
Interface 
Options' 
Range' 
Page 
Comments 
0 
*ADI341 
12 
150 
16/8 
16 
12 
C,M 
C II 7-25 
Complete, 
Programmable 
DAS with Fast Bus Interface 
~ 
CIl 
AD1332 
12 
125 
1 
12 
1 
I,M 
C II 7-17 
Complete 
12-Bit 125 kHz Sampling ADC, On-Chip FIFO 
c: 
AD1334 
12 
65 
4 
12 
1 
I,M 
C II 7-21 
Four-Channel12-Bit 
Sampling ADC, On-Chip FIFO 
~ 
AD364 
12 
20 
16/8 
12 
I 
C,M 
C II 7-5 
High Speed 16-Channel 12-Bit DAS 
(;l 
AD363 
12 
25 
16/8 
12 
I 
C,M 
C II 7-S 
16-Channel 12-Bit DAS 
ill 
AD1362 
16/8 
C,M 
C II 7-41 
16-Channel Analog Front-End 
for 12-Bit ADC 
~ 
AD79015 
12 
10 
1 
Serial 
2,5 
C 
C II 7-49 
Small Signal DAS with Instrumentation 
Amplifiers and Reference 
DASIIS2 
14 
2S 
I 
14 
I 
I 
C II 7-fJ5 
14-Bit High Accuracy Sampling ADC 
DAS1lS7 
14 
18 
I 
14 
I 
I 
C II 7-fJ9 
Low Power 16-Bit Sampling ADC 
DAS1lS3 
15 
25 
I 
IS 
I 
I 
C II 7-fJS 
IS-Bit High Accuracy Sampling ADC 
DAS1lS8 
IS 
18 
I 
IS 
I 
I 
C II 7-fJ9 
Low Power IS-Bit Sampling ADC 
DASllS9 
16 
18 
I 
16 
I 
I 
C II 7-fJ9 
Low Power 16-Bit Sampling ADC 
*AD79024 
20 
0.30 
1 
Serial 
2,6 
C 
C II 7-57 
Quad 20-Bit Sigma Delta ADC, Low Power 


'Package Options: I = Hermetic DIP, Ceramic or Melal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 ~ Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Ouiline "SOIC" Package; 
7 ~ Hermetic Melal Can; 8 ~ Hermetic Melal Can DIP; 9 = Ceramic F1atpack; 10 ~ Plastic Quad Flarpack; II = Single-In-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramid 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 ~ Ceramic Pin Grid Array; 16 = TO-92. 
'Temperature Ranges: C = Commercial, 0 to +7O"C; I = Industrial, -40"<: to +85"<: (Some older products -25"<: to +85"<:); M = Military, -55"<: to + 125"<:. 
Boldface type: Product recommended for new design. 
*New product since the publication of the most recent Databooks. 


Orientation 
Data Acquisition Subsystems 


Data acquisition subsystems provide many of the functional 
elements of a complete data acquisition system, in various com- 
binations. By doing this, these subsystems allow complete per- 
formance to be provided and specified more easily than with 
systems built from individual components. 


Among the functional blocks that data acquisition subsystems 
provide are: 


• multiple channel input multiplexer 
• programmable 
gain amplifier 
• sample-hold amplifier 
• microprocessor interface 
• analog-to-digital converter 
• converter reference 


The data acquisition subsystems detailed on the following pages 
provide a wide span of performance capabilities. Resolutions of 
12,14,15,16 
and 20 bits; gain ranges of 64:1 up to 512:1 and 
throughputs 
from 300 Hz to 150 kHz are available. These speci- 
fications must be compared along with input range, package 
size, power consumption 
and linearity to decide which data ac- 
quisition subsystem, if any, is best for the application. 


• 


-"ANALOG 
WDEVICES 


I 


FEATURES 


AD363 
16-Channel Data Acquisition 
Input Stage with: 
Digitally 
Controlled 
Channel Selection/Mode 
Control 
16 Single-Ended 
or 8 Differential 
Channels 
25 kHz Throughput 
Rate 
Guaranteed 
No Missing Codes Over Temperature 


AD364 
16-Channel Data Acquisition 
Input Stage with: 
Digitally 
Controlled 
Channel Selection/Mode 
Control 
16 Single-Ended 
or 8 Differential 
Channels 
20 kHz Throughput 
Rate 
Guaranteed 
No Missing Codes Over Temperature 
Three-State 
Buffered Digital Output 


PRODUCT 
DESCRIPTIONS 
The AD363 and AD364 are complete 16-channel data acquisi- 
tion systems which condition and subsequently 
convert an ana- 


log voltage into digital form. Each system consists of two 
devices, an analog input stage (AIS) and an analog-to-digital 
converter (ADC). The AIS includes a two 8-channel multiplex- 
ers, a channel address register, a unity gain instrumentation 
am- 
plifier, and a sample-hold amplifier. The multiplexers may be 
connected to the instrumentation 
amplifier in either an 8- 
channel differential or 16-channel single ended configuration. 
A 
unique feature of these products is an internal user controlled 
switch which connects the multiplexers in either single-ended or 
differential mode. This allows a single device to perform in ei- 
ther mode with hard-wire programtning 
and permits interfacing 
a mixture of single-ended and differential signals by dynamically 
switching the input mode control. 


The AD363 and AD364 differ in ADC performance. 
Each ADC 


is a complete 12-bit successive approximation 
converter includ- 
ing an internal clock and a precision reference. Active laser 
trimming results in maximum lineariry errors of :!:0.012% with 
conversion times of 25 •.•.s (AD363) or 32 •.•.s (AD364). The hy- 
brid AD363-ADC has five user selectable input ranges (:!:2.5, 
:!:5.O, :!:IO.O, 0 to +5, and 0 to +10 volts) and includes a high 
impedance buffer amplifier. The AD364-ADC is a monolithic 
converter with 3-state output buffer circuitry for direct interface 
to an 8-, 12-, or 16-bit processor bus and three user selected 
input ranges (:!:5, :!:10, and 0 to + 10 volts). 


Both products are specified for operation over both the commer- 
cial (O°Cto +70°C) and military (-55·C 
to + 125°C) temperature 
ranges. The AD363 and AD364 are available with environmen- 
tal screening. Please contact the factory or nearest sales office 
for details. 


Complete 16-Channel, 12-Bit 
Data Acquisition Systems 
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AD363/AD364 - 
SPECIFICATIONS 
(typical @ +25°C, ±15 Vand +5 V unless otherwise noted) 


ANALOG 
INPUTS 
Number 
of Inputs 
Input Voltage Ranges 
Bipolar 
Unipolar 
Input (Bias) Current, 
per Channel 
Input Impedance 
ON Channel 
OFF Channel 
Input Fault Current 
(Power OFF or ON) 


Common-Mode 
Rejection 
Differential 
Mode 
Mux Crosstalk (Interchannel, 


Any OFF Channel to Any ON Channel) 


RESOLUTION 


ACCURACY 
Gain Error' 
Unipolar Offset Error 
Bipolar Offset Error 
Linearity 
Error 
Differential 
Linearity 
Error 
Relative Accuracy 
Noise Error 


TEMPERATURE 
COEFFICIENTS 


Gain 
Offset, ± 10 V Range 
Differential 
Linearity 


SIGNAL 
DYNAMICS 
Conversion 
Time2 


Throughput 
Rate, FuU Rated Accuracy 
Sample-and- Hold 
Aperture 
Delay 
Aperture 
Uncerutinty 


Acquisition Time 
To ±0.01% of Final Value 
For FuU-Scale Step 
Feedthrough 
Droop Rate 


DIGITAL 
INPUT 
SIGNALS' 


Convert Command (to ADC Section, 


Pin 21) 


Input Channel Select (to Analog 
Input Section, Pins 28-31) 


Channel Select Latch (to Analog 


(Input Section, Pin 32) 


Sample-Hold 
Command 
(to Analog 


Input Section Pin 13 NormaUy 
Connected 
to ADC "Status," 


Pin 20) 


Short Cycle (to ADC Section Pin 14) 


Single- EndedlDifferential 
Mode Select 


(to Analog Input Section, Pin I) 


±2.5 V, ±5.0 V, ±IO.O V 
o to +5 V, 0 to +10 V 
±50 nA max 


1010 n, 100 pF 
10'0 n, 10 pF 
20 mA, max, Internally 
Limited 


-80 
dB max (-90 
dB typ) @ I kHz, 20 V p-p 


12 Bits 


±0.05% FSR (Adjustable 
to Zero) 
±IO mV (Adjustable 
to Zero) 
±20 mV (Adjustable 
to Zero) 


±112 LSB max 
±I LSB max (±112 LSB typ) 
±0.025% 
FSR 
I mV p-p, 0.1 Hz to I MHz 


±30 ppmt'C 
max (±IO ppmt'C 
typ) 


±15 ppmJOC max (±5 ppmt'C 
typ) 


No Missing Codes Over Temperature 
Range 


25 II-S max (22 II-S typ) 
25 kHz min (30 kHz typ) 


200 ns max (150 ns typ) 
500 ps max (100 ps typ) 


-70 
dB max (-80 
dB typ) @ I kHz 
2 mV/ms max (I mV/ms typ) 


Positive Pulse, 200 ns min Width. 
Leading Edge 


("0" to "I") 
Resets Register, Trailing Edge 


("I" 
to "0") Starts Conversion 
I TTL 
Load 


"I" 
Latch Transparent 


"0" Latched 
4 LS TTL 
Loads 


"0" Sample Mode 
"I" 
Hold Mode 
2 LS TTL 
Loads 
Connect to + 5 V for 12-Bits Resolution 
Connect to Output 
Bit n + I for n Bits 
Resolution 
I TTL 
Load 


"0" Single Ended Mode 
"I" 
Differential 
Mode (+4.0 
V min) 


3 TTL 
Loads 


± 25 ppmJOC max (± 15 ppmt'C 
typ) 


±8 ppmt'C 
max (±5 ppmt'C 
typ) 


* 


Parameter 
AD363RK 
.. , 


AD363RS 


DIGITAL 
OUTPUT 
SIGNALS' 


(All Codes Positive True) 
Parallel Date 
Unipolar Code 
Binary 
· 
Bipolar Code 
Offset Binaryrrwos 
Complement 
· 
Output 
Drive 
2 TTL 
Loads 
· 
Serial Data (NRZ Format) 


Unipolar Code 
Binary 
• 
Bipolar Code 
Offset Binary 
· 
Output 
Drive 
2 TTL 
Loads 
· 
Status (Status) 
Logic "I" 
("0") During Conversion 
· 
Output 
Drive 
2 TTL 
Loads 
• 
Internal Clock 
Output 
Drive 
2 TTL 
Loads 
· 
Frequency 
500 kHz 
• 


INTERNAL 
REFERENCE 
VOLTAGE 
+10.00 V, ±IO mV 
· 
Max External Current 
±lmA 
• 
Voltage Temperature 
Coefficient 
± 20 ppml'C 
max 
· 
POWER 
REQUIREMENTS 
Supply Voltages/Currents 
+15 V, ±5% @ +45 mA max (+38 mA typ) 
· 
-IS 
V, ±5%@ 
-45 
mA max (-38 
mA typ) 
· 
+5V, 
±5%@+136mAmax(+I13mAtyp) 
· 
Total Power Dissipation 
, 
2 Watts max (I. 7 Watts typ) 
· 
TEMPERATURE 
RANGE 
Specification 
O'C to +70'C 
- 55'C to + 125'C 
Storage 
- 55'C to + 150'C 
-55'C 
to + 150'C 


PACKAGE 
OPTIONS 
Analog Input Section (DH·32E) 
AD363RKD 
AD363RSD 
AD Section (DH·32C) 
AD363RKD 
AD363RSD 


NOTES 
• 
'With SOn, 1% fixed resistor in place of Gain Adjust pot. 
2Conversion time of ADC Section. 
'One TTL Load is defined as I'L = -1.6 
mA max @ V'L = 0.4 V, I'H = 40 lLAmax @ VIH = 2.4 V. One LS TTL Load is defined .s I'L = -0.36 mA max 


@ V'L = 0.4 V, I'H = 20 lLAmax @ V'H = 2.7 V. 
·Specifications same as AD363RK. 
Specifications subject to change without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS 
(ALL MODELS) 
+V, Digital Supply 
+5.5 V 


+V, Analog Supply 
+ 16 V 


-V, 
Analog Supply 
-16 V 


V1N, Signal 
±V, Analog Supply 
V1N, Digital 
..........•...... 
0 to +V, Digital Supply 
AGND to DGND 
±1 V 


ANALOG INPUT SECTION 
ANALUU-.lV-UIUI.l.nL 
'"'Vi'" 
.•..a.:..n. 
.•.AJa" 
v __ 
•...•._ ..... 


Pin 
Pin 
Number 
Function 
Number 
Function 


I 
Single-End/Differential 
Mode Select 
I 
Data Bit 12 (Least Significant Bit) Out 


"0": Single-Ended Mode 
2 
Data Bit 11 Out 


"I": 
Differential Mode (+4.0 V min) 
3 
Data Bit 10 Out 


2 
Digital Ground 
4 
Data Bit 9 Out 


3 
Positive Digital Power Supply, +5 V 
5 
Data Bit 8 Out 


4 
"High" 
Analog Input, Channel 7 
6 
Data Bit 7 Out 


5 
"High" 
Analog Input, Channel 6 
7 
Data Bit 6 Out 


6 
"High" 
Analog Input, ChannelS 
8 
Data Bit 5 Out 


7 
"High" 
Analog Input, Channel 4 
9 
Data Bit 4 Out 


8 
"High" 
Analog Input, Channel 3 
10 
Data Bit 3 Out 


9 
"High" 
Analog Input, Channel 2 
11 
Data Bit 2 Out 


10 
"High" 
Analog Input, Channel I 
12 
Data Bit I (Most Significant Bit) Out 


11 
"High" 
Analog Input, Channel 0 
13 
Data Bit I (MSB) Out 


12 
No Connect 
14 
Short Cycle Control 


13 
Sample-Hold Command 
Connect to +5 V for 12 Bits 


"0": Sample Mode 
Connect to Bit (n + I) Out for n Bits 
"I": 
Hold Mode 
IS 
Digital Ground 
Normally Connected to ADC Pin 20 
16 
Positive Digital Power Supply, +5 V 
14 
Offset Adjust 
17 
Status Out 
IS 
Offset Adjust 
"0": Conversion in Progress 


16 
Analog Output 
(Parallel Data Not Valid) 


Normally Connected to ADC 
"I": 
Conversion Complete 


"Analog In" 
(Parallel Data Valid) 


17 
Analog Ground 
18 
+ 10 V Reference Out 
18 
"High" 
("Low") 
Analog Input, Channel IS (7) 
19 
Clock Out (Runs During Conversion) 


19 
"High" 
("Low") 
Analog Input, Channel 14 (6) 
20 
Status Out 
20 
Negative Analog Power Supply, -IS 
V 
"0": Conversion Complete 
21 
Positive Analog Power Supply, + IS V 
(Parallel Data Valid) 


22 
"High" 
("Low") 
Analog Input, Channel 13 (5) 
"I": 
Conversion in Progress 


23 
"High" 
("Low") 
Analog Input, Channel 12 (4) 
(Parallel Data Not Valid) 


24 
"High" 
("Low") 
Analog Input, Channel II (3) 
21 
Convert Start In 
25 
"High" 
("Low") 
Analog Input, Channel 10 (2) 
Reset Logic ---..r-- 


26 
"High" 
("Low") 
Analog Input, Channel 9 (I) 
Start Convert ~ 


27 
"High" 
("Low") 
Analog Input, Channel 8 (0) 
22 
Comparator In 
28 
Input Channel Select, Address Bit AE 
23 
Bipolar Offset 
29 
Input Channel Select, Address Bit AO 
Open for Unipolar Inputs 
30 
Input Channel Select, Address Bit Al 
Connect to ADC Pin 22 for 
31 
Input Channel Select, Address Bit A2 
Bipolar Inputs 
32 
Input Channel Select Latch 
24 
10 V Span R In 
"0": Latched 
25 
20 V Span R In 


u 1": 
Latch 
"Transparent" 
26 
Analog Ground 


27 
Gain Adjust 
28 
Positive Analog Power Supply, + IS V 
29 
Buffer Out (for External Use) 


30 
Buffer In (for External Use) 
31 
Negative Analog Power Supply, -IS 
V 
32 
Serial Data Out 
Each Bit Valid on Trailing 
(-l-J 


Edge Clock Out, ADC Pin 19 


SPECIFICATIONS 
(typical @ +25°C, ±15 Vand +5 V unless otherwise noted) 


Parameter 
AD364RJ 
AD364RK 
AD364RS 
AD364RT 
Units 


ANALOG 
INPUTS 
I 
I 
I 
Number 
of Inputs 
16 Single-Ended 
or g Differential 
(Electronically 
Selectable) 


Input Voltage Range 
Tmin to Tmax 
±IO 
· 
• 
· 
V 


Input (Bias) Current 
per Channel 
±50 
· 
· 
· 
nA 


Input Impedance 
ON Channel 
10'°11100 
• 
· 
· 
OllpF 
OFF Channel 
IO'~IIO 
· 
• 
• 
OllpF 


Input Fault Current 
20 
· 
· 
· 
mAmax 


(power ON or OFF) 
(Internally 


Common-Mode 
Rejection 
Limited) 


Differential 
Mode I kHz 20 V p-p 
70 min (80 typ) 
· 
· 
· 
dB 
Mux Crosstalk (Any OFF CHANNEL 
to Any ON Channel) 
I kHz 
20 Y p-p 
-80 
max (-90 
ryp) 
· 
· 
· 
dB 


Offset, Channel to Channel 
±5 
· 
• 
• 
mVmax 


ACCURACY 
Gain Error' 
0.3 
· 
· 
· 


% ofFSR 
Unipolar Offset Error 
±IO 
±8 
· 
.. 
mV 
Bipolar Offset Error 
±50 
±20 
· 
.. 
mY 
Linearity 
Error 
0.024 
0.012 
· 
•• 
% ofFSR 
max 
Tmin to Tmu 
0.024 
0.012 
· 
· 
% ofFSR 
max 
Differential 
Linearity 
Error 
0.024 
0.012 
· 
.. 
% ofFSR 
max 
Tmin to Tmu: 
0.024 
0.012 
· 
· 


% ofFSRmax 
Noise Error 
I mV p-p 0.1 Hz to I MHz 
· 
· 
· 
TEMPERATURE 
COEFFICIENTS 
Gain 
54 
31 
· 
.. 
ppml"C 
Offset (± 10 Y Range) 
12 
7 
· 
.. 
ppml"C 
Operating 
Temperature 
Range 
O·C to +700c 
· 
- 550C to + 1250C ... 
ppmI"C 


SIGNAL 
DYNAMICS 
Conversion Time 
32 max (25 typ) 
· 
· 
· 
•.•.s 
Throughput 
Rate, Full Accuracy 
20 min (25 typ) 
· 
· 
· 
kHz 
Sample-Hold 
Aperture 
Delay 
200 max (150 ryp) 
· 
· 
· 
ns 
Aperture 
Uncertainty 
500 max (100 ryp) 
· 
· 
· 
ps 


Acquisition Time 
To 0.01 % of Final Value 
For Full-Scale Step 
18 max (10 ryp) 
· 
· 
· 
•.•.s 
Feedthrough 
at I kHz 
-70 
max (-80 
typ) 
· 
· 
· 
dB 
Droop Rate 
2 max (I typ) 
· 
· 
· 
mV/ms 


DIGITAL 
INPUT 
SIGNALS 
Analog Input Section 
Input Channel Select 
4 Bit Binary Address 
· 
· 
· 
I LS TIL 
Load 
· 
· 
· 
Channel Select Latch 
"I" 
Latch Transparent 
• 
• 
· 
uO" Latched 
• 
· 
· 
4 LS TIL 
Loads 
· 
· 
· 
Singie-EndedlDifferentiai 
"0" Single Ended 
· 
· 
· 
Mode Select 
"I" 
Differential 
(+4 V min) 
· 
· 
· 
3 TIL 
Loads 
· 
· 
· 
Sample-and-Hold 
Command 
"0" Sample Mode 
· 
· 
· 
"I" 
Hold Mode 
• 
· 
· 
I TIL 
Load 
· 
· 
· 
ADC Section' 4.5"YL 
••5.5 
Logic Input Threshold 
Tmin to Trnrox 
Logic "l" 
2.0 
· 
· 
· 
Ymin 
Logic "0" 
0.8 
· 
· 
· 
Ymax 
Logic Input Current 
Tmin to Tmax 
Logic "I" 
20 
· 
· 
· 
•.•.Amax 
Logic:'O" 
20 
· 
· 
· 
•.•.Amax 


• 


Parameter 
AD364RJ 
AD364RK 
AD364RS 
AD364RT 
Units 


DIGITAL 
OUTPUT 
SIGNALS 
Logic Outputs 
T min to Tow< 


Sink Current VOUT = 0.4 V 
1.6 
· 
· 
• 
mAmin 
Source Current 
VOUT = 2.4 V 
0.5 
· 
• 
· 
mAmin 
Output 
Leakage When in 
Three State 
±40 
· 
· 
• 
,..A max 
Output 
Coding 
Unipolar 
Positive True Binary 
· 
· 
• 
Bipolar 
Positive True Offset 
Binary 
· 
• 
• 


POWER 
REQUIREMENTS 
Supply Voltages/Currents 
+15 V, ±5%@ 
36 mA mOl< · 
· 
• 


-15 
V, ±5%@ 
65 mA mOl< · 
• 
• 


+5 V, ±5% @ 75 mA mOl< · 
· 
· 
PACKAGE 
OPTIONS 
Analog Input Section (DH-32E) 
AD364RJD 
AD364RKD 
AD364RSD 
AD364RTD 
ADC Section (D-28) 
AD364RJD 
AD364RKD 
AD364RSD 
AD364RTD 


NOTES 
'With 50 n resistor from REF IN to REF OUT. Adjustable to zero. 
2Adjustable to zero. 
31218 line must be hard wired to V LOGIC or digital common. 


·Specifications same as AD364RJ. 
··Specifications same as AD364RK 
···Specifications 
same as AD364RS. 


Specifications 
subject 
to change 
without 
notice. 


ABSOLUTE 
MAXIMUM 
RATINGS 
(ALL 
MODELS) 
+V, 
Digital 
Supply 
+5.5 
V 


+V, 
Analog 
Supply 
+16 
V 


-V, 
Analog 
Supply 
-16 
V 


V1N, 
Signal 
±V, 
Analog 
Supply 


V1N, 
Digital 
0 to +V, 
Digital 
Supply 


AGND 
to DGND 
:': 1 V 


Temperature 
Model 
Range 
Package 
Option* 


AD363RKD 
ooe to +70oe 
DH-32E 
(Analog 
Input 
Section) 


DH-32e 
(ADC 
Section) 


AD363RSD 
-55°e 
to + 125°e 
DH-32E 
(Analog 
Input 
Section) 


DH-32e 
(ADC 
Section) 


AD364R]D 
ooe to +70oe 
DH-32E 
(Arialog 
Input 
Section) 


D-28 
(ADC 
Section) 


AD364RKD 
ooe to +70oe 
DH-32E 
(Analog 
Input 
Section) 


D-28 
(ADC 
Section) 


AD364RSD 
- 55°e 
to + 125°e 
DH-32E 
(Analog 
Input 
Section) 


D-28 
(ADC 
Section) 


AD364RTD 
- 55°e 
to + 125°e 
DH-32E 
(Analog 
Thput 
Section) 


D-28 
(ADC 
Section) 


ANALOG 
INPUT 
SECTION 
ANALOG·TO·DlGlTAL 
CONVERTER SECTION 


Pin 
Pin 
Number 
Function 
Number 
Function 


1 
Single-End/Differential 
Mode Select 
1 
Logic Power Supply, +5 V 


I 


"0" Single-Ended Mode 
2 
Data Mode Select (12/8) 


"1" Differential Mode 
"0": 8 Upper Bits or 


2 
Digital Common 
4 Lower Bits as Selected by Byte 
3 
Positive Digital Power Supply, +5 V 
Select (A,,» 


4 
"High" Analog Input, Channel 7 
3 
Chip Select (CS) 


5 
"High" Analog Input, Channel 6 
"0": Device Selected 
6 
"High" Analog Input, Channel 5 
"I": 
Device Inhibited 


7 
"High" Analog Input, Channel 4 
4 
Byte Address/Short 
Cycle (.\0) 


8 
"High" Analog Input, Channel 3 
"0": Upper 8 Bits Enabled (12/8 "0")/ 
9 
"High" Analog Input, Channel 2 
12-Bit Cycle 
10 
"High" Analog Input, Channel I 
"I": 
Lower 4 Bits Enabled (12/8 "1")/ 
11 
"High" Analog Input, Channel 0 
8-Bit Cycle 
12 
No Connect 
5 
Read Convert (Rle) 


13 
Sample-Hold Command 
"0": Convert Start 


"0": Sample Mode 
"I": 
Read Enable 


"I": 
Hold Mode 
6 
Chip Enable (CE) 


Normally Connected to ADC Pin 28 
S :RlC "0," CS "0" Initiates Conversion 


14 
Offset Adjust 
S :RlC "I," 
CS "0" Initiates Read 
15 
Offset Adjust 
"0": Device Disabled 
16 
Analog Output 
"I": 
Device Enabled 
Normally Connected to ADC 
7 
Analog Power Supply, +15 V (Vcc) 


"Analog In" 
8 
Reference Out, + 10 V 
17 
Analog Common 
9 
Analog Common (AC) 


18 
"High" ("Low") Analog Input, Channel 15 (7) 
10 
Reference In 
19 
"High" ("Low") Analog Input, Channel 14 (6) 
11 
Analog Power Supply, -15 V (VEE) 


20 
Negative Analog Power Supply, -15 V 
12 
Bipolar Offset 
21 
Positive Analog Power Supply, + 15 V 
13 
10 V Span Input 
22 
"High" ("Low") Analog Input, Channel 13 (5) 
14 
20 V Span Input 
23 
"High" ("Low") Analog Input, Channel 12 (4) 
15 
Digital Common (DC) 


24 
"High" ("Low") Analog Input, Channel 11 (3) 
16 
Data Bit 0 
25 
"High" ("Low") Analog Input, Channel 10 (2) 
17 
Data Bit 1 
26 
"High" ("Low") Analog Input, Channel 9 (1) 
18 
Data Bit 2 
27 
"High" ("Low") Analog Input, Channel 8 (0) 
19 
Data Bit 3 
28 
Input Channel Select, Address Bit AE 
20 
Data Bit 4 
29 
Input Channel Select, Address Bit AO 
21 
Data Bit 5 
30 
Input Channel Select, Address Bit Al 
22 
Data Bit 6 
31 
Input Channel Select, Address Bit A2 
23 
Data Bit 7 
32 
Input Channel Select Latch 
24 
Data Bit 8 
"0": Latched 
25 
Data Bit 9 
ul": Latch "Transparent" 
26 
Data Bit 10 
27 
Data Bit 11 
28 
Status Out 


• 


DESIGN 
Concept 
Figures I and 2 show a general DAS application using the 
AD363 and AD364, respectively. 


By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design is 
optimized for its specific function. Production yields are in- 
creased thus decreasing costs. Furthermore, 
the standard config- 
uration packages plug into standard sockets and are easier to 
handle than larger packages with higher pin counts. 
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The normal sequence of events is as follows: 


1. The appropriate Channel Select Address is latched into the 
address register. Time is allowed for the multiplexers to 
settle. 


2. A Convert Start command is issued to the ADC which, in 
response, indicates that it is "busy" by placing a Logic "I" 
on its Status line. 


3. The ADC Status controls the sample-and-hold. 
When the 
ADC is "busy," 
the sample-and-hold 
is the Hold mode. 


4. The ADC goes into its conversion routine. Since the sample- 
and-hold is holding the proper analog value, the address may 
be updated during conversion. Thus multiplexer settling time 
can coincide with conversion and need not affect throughput 
rate. 


5. The ADC indicates completion of its conversion by returning 
Status to Logic "0." The sample-and-hold 
returns to the 
Sample mode. 


6. If the input signal has changed full scale (different channels 
may be widely varying data) the sample-and-hold 
will typi- 
cally require 10 microseconds to"acquire" 
the next input to 
sufficient accuracy for 12-bit conversion. 


After allowing a suitable interval for sample-and-hold 
to stabilize 
at its new value, another Convert Start command may be issued 
to the ADC. 


AD363·ADC OPERATION 
Figure 4 shows a detailed timing diagram for the AD363-ADC. 
Serial data changes on rising edges of the internal clock and is 
guaranteed to be stable on falling edges. 


AD364·ADC OPERATION 
There are two sets of control pins on the AD364-ADC: 
the gen- 
eral control inputs (CE, CS, and Rli:) and the internal register 
controls inputs (12/8 and "0). The general control pins function 
similarly to those on most AID converters, performing device 
timing, addressing, cycle initiation, and read enable functions. 
The internal register control inputs, which are not found on 
most AID converters, select output data format and conversion 
cycle length. 
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Figure 4. AD363-ADC Timing Diagram (Binary Code 
110101011001) 


The two major control functions, convert start and read enable, 
are controlled by CE, CS, and RlC. Although all three inputs 
must be in the correct state to perform the function (for convert 
start, CE = I, CS = 0, RlC = 0; for read enable, CE = 1, CS 
= 0, RlC = 1), the sequence does not matter. For large sys- 
tems, typically microprocessor controlled, standard operation for 
convert start would be to first set RlC = 0 (from R!W line); ad- 
dress the chip with CS = 0, then apply a positive start pulse to 
CEo A read would be done similarly but with RlC = 1. 


Ao (byte select) and 1218(data format) inputs work together to 
control the output data and conversion cycle. In almost all situa- 
tions 12/8 is hard-wired "high" (to VLOGIC) or "low" (to Digital 
Common). If it is wired high, all 12 data lines will be enabled 
when the read function is called by the general control inputs. 
For an 8-bit bus interface, 12/8 will be wired low. In this mode, 
only the 8 upper bits or the 4 lower bits can be enabled at once, 
as addressed by Ao. For these applications, the 4 LSBs (Pins 
16-19) should be hard-wired to the 4 MSB (Pins 24-27). Thus, 
during a read, when Ao is low, the upper 8 bits are enabled and 
present data on Pins 20 through 27. When Ao goes high, the 
upper 8 data bits are disabled, the 4 LSBs then present data to 
Pins 24 to 27, and the 4 middle bits are overridden so that zeros 
are presented to Pins 20 through 23. 


The Ao input performs an additional function of controlling 
conversion length. If Ao is held low prior to cycle initiation, a 
full 12-bit, 25 Il-scycle will result; if Ao is held high prior to 
cycle initiation, a shortened 8-bit, 16 f.LS cycle will result. The 
Ao line must be set prior to cycle initiation and held in the de- 
sired position at least until STS goes high. Thus, for micro- 
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controlled during both the convert start and read functions. 


STANDARD 
FULL 
CONTROL 
INTERFACE 
The timing for the standard full control interface is shown in 
Figure 5. In this operating mode, CS is used as the address in- 
put which selects the particular device, RlC selects between the 
read data and start conversion functions, and CE is used to time 
the actual functions. 


The left side of the figure shows the conversion start control. CS 
and RlC are brought low (their sequence does not matter), then 
7 


the start pulse is applied to CEo The timing diagram shows a 
time delay for CS and RlC prior to the start pulse at CEo If less 
time than this is allowed, the conversion will still be started, but 
an appropriately 
longer pulse will be needed at CEo However, 


if the hold times for CS and RlC after the rising edge of the 
start pulse at CE are not followed, the conversion may not be 
initiated. 


The Ao line determines the conversion cycle length and must be 
selected prior to conversion initiation. If Ao is low, a 12-bit cy- 
cle results; if Ao is high, an 8-bit short cycle results. Minimum 
setup and hold times are shown. The status line goes high to 
indicate conversion in progress. The analog input signal is al- 
lowed to vary until the STS goes high. It must then be held 
steady until STS again goes low at the end of conversion. 


The data read function operates in a similar fashion except that 
RlC is now held high. The data is stored in the output register 
and can be recalled at will until a new conversion cycle is com- 
manded. In addition, if the converter is arranged in the 8-bit 
data mode, the Ao line now functions as the byte select address, 
with setup and hold 'times as shown. With Ao low, Pins 20 to 
27 (DB4-11) come out of three-state and present data. With Ao 
high, Pins 16-19 (DB0-3) come out of three-state with data and 
Pins 20-23 present active trailing zeros. In the 8-bit mode, Pins 
16-19 will be hard-wired directly to Pin 24-27 for direct two 
byte loading onto an 8-bit bus. There are two delay times for 
the data lines after CE is brought low: tHD is the delay until the 
outputs are fully into the high impedance state. 


STANDALONE 
OPERATION 
For simpler control functions, the AD364-ADC can be con- 
trolled with just RlC. In this case, CE is wired high, CS low, 
12/8 high, and Ao low. There are two ways of cycling the device 


tosc 
400 ns max 
too 
200 ns max 
tHEC 
300 ns min 
tHO 
25 ns min 
tssc 
300 ns min 
tSSR 
150 ns min 
tHSC 
200 ns min 
tSRR 
o min 


tSRC 
250 ns min 
tSAR 
150 ns min 
tHRC 
200 ns min 
tHSR 
50 ns min 
tSAC 
o min 
tHRR 
Omin 


tHAC 
300 ns min 
tHAR 
50 ns min 
te 
15-35 I1S(l2-Bit) 
tHL 
150 ns max 
10-24 I1S(8-Bit) 
tSAL 
20 ns min 
tSHA 
10-18 I1s 
ISA. 
' 
Omin 


with this simple hookup. If a negative pulse is used to initiate 
conversion as in Figure 6, the converter will automatically bring 
the 12 data lines out of three-state at the end of conversion. The 
data will remain valid on the output lines until another pulse is 
applied. 


If the conversion is initiated by a high pulse as shown in Figure 
7, the data lines are held in three-state at the end of conversion 
until RlC is brought high. The next conversion cycle is initiated 
when RlC goes low; the data from the previous cycle will remain 
valid for the time tHOR' An alternative to the above is to toggle 
RlC as needed to initiate a new cycle on read data. Data will 
appear when RlC is brought high, a new cycle is initiated when 
RlC goes low. 


tHRL 
250 ns min 
tos 
600 ns max 


tHDR 
25 ns max 
tHS 
300 ns min 
1000 ns max 
tHRH 
300 ns min 
tOOR 
250 ns max 


APPLICATIONS 
Singie-EndedIDifferential 
Mode Control 
The AIS fearures an internal analog switch that configures the 
Analog Input Section in either a 16-channel single-ended or 
8-channel differential mode. This switch is controlled by a non- 
TTL logic input applied to Pin I of the Analog Input Section: 


"0": Single-Ended (16 Channels) 
"1": Differential (8 Channels) (+4.0 V min) 


When in the differential mode, a differential source may be ap- 
plied between corresponding 
"High" 
and "Low" 
analog input 
channels. 


It is possible to mix SE and DIFF inputs by using the mode 
control to command the appropriate mode. In this case, four 
microseconds must be allowed for the output of the Analog In- 
put Section to settle to within :to.Ol % of its fmal value, but if 
the mode is switched concurrent with changing the channel ad- 
dress, no significant additional delay is introduced. 
The effect of 
this delay may be eliminated by changing modes while a conver- 
sion is in progress (with the sample-and-hold 
in the "Hold" 


mode). When SE and DIFF signals are being processed concur- 
rently, the DIFF signals must be applied between corresponding 
"High" 
and "Low" analog input channels. Another application 
of this feature is the capability of measuring 16 sources individu- 
ally and/or measuring differences between pairs of those sources. 


Input Channel Addressing 
Table I is the truth table for input channel addressing in both 
the single-ended and differential modes. The 16-single-ended 
channels may be addressed by applying the corresponding 
digi- 


tal number to the four Input Channel Select address bits, AE, 
AO, AI, A2 (Pins 28--31). In the differential mode, the eight 
channels are addressed by applying the appropriate digital code 
to AO, AI, and A2; AE must be enabled with a Logic "I." 
In- 
ternallogic 
monitors the status of the SEIDIFF Mode input and 
addresses the multiplexers singularly or in pairs as required. 


ADDRESS 
ON CHANNEL 
(Pin Number) 


Differential 
AE 
A2 
Al 
AO 
Single-Ended 
"Hi" 
"LoU 


0 
0 
0 
0 
o 
(11) 
None 
0 
0 
0 
I 
1 
(10) 
None 
0 
0 
1 
0 
2 
(9) 
None 
0 
0 
1 
1 
3 
(8) 
None 
0 
1 
0 
0 
4 
(7) 
None 
0 
1 
0 
1 
5 
(6) 
None 
0 
I 
I 
0 
6 
(5) 
None 
0 
I 
1 
1 
7 
(4) 
None 
1 
0 
0 
0 
8 
(27) 
0(11) 
0(27) 


1 
0 
0 
1 
9 
(26) 
I (10) 
1 (26) 
1 
0 
I 
0 
10 
(25) 
2 
(9) 
2 (25) 


1 
0 
1 
I 
11 
(24) 
3 
(8) 
3 (24) 


1 
1 
0 
0 
12 
(23) 
4 
(7) 
5 (23) 
1 
1 
0 
I 
13 
(22) 
5 
(6) 
5 (22) 


1 
1 
1 
0 
14 
(19) 
6 
(5) 
6 (19) 
1 
1 
1 
1 
15 
(18) 
7 
(4) 
7 (18) 


Table I. Input Channel Addressing Truth Table 


When the channel address is changed, six microseconds must be 
allowed for the Analog Input Section to settle to within ±O.OI% 
of its fmal output (including settling times of all elements in the 
signal path). The effect of this delay may be eliminated by per- 
forming the address change while a conversion is in progress 
(with the sample-and-hold 
in the "hold" mode). All unused in- 
puts must be grounded. 


Input Channel Address 
Latch 
The AIS is equipped with a latch for the Input Channel Select 
address bits. If the Latch Control pin (Pin 32) is at Logic" 1," 
input channel select address information is passed through to 
the multiplexers. 
A Logic "0" "freezes" the input channel 
address present at the inputs at the "1" -to-"0" transition 
level-triggered. 


This feature is useful when input channel address information is 
provided from an address, data or control bus that may be re- 
quired to service many devices. The ability to latch an address is 
helpful whenever the user has no control of when address infor- 
mation may change. 


Sample-and-Hold 
Mode Control 
The Sample-and-Hold 
Mode Control input (Pin 13) is normally 
connected to the Status output (Pin 20) from an analog-to-digital 
convener. 
When a conversion is initiated by applying a Conven 
Start command to the ADC, Status goes to Logic "1," putting 
the sample-and-hold 
in to the "Hold" 
mode. This "freezes" the 
information to be digitized for the period of conversion. When 
the conversion is complete, Status returns to Logic "0" and 
the sample-and-hold 
returns to the "Sample" mode. Eighteen 
microseconds must be allowed for the sample-and-hold 
to ac- 
quire ("catch up" to) the analog input to within ±O.OI% of the 
fmal value before a new Conven Start command is issued. 


The purpose of a sample-and-hold is to "stop" fast changing 
input signals long enough to be convened. 
In this application, it 
also allows the user to change channels and/or SEIDIFF mode 
while a conversion is in progress thus eliminating the effects of 
multiplexer, analog switch and differential amplifier settling 
times. If maximum throughput 
rate is required for slowly 
changing signals, the Sample-and-Hold 
Mode Control may be 
wired to ground (Logic "0") rather than to ADC Status thus 
leaving the sample-and-hold 
in a continuous sample mode. 


Analog Input Section Offset Adjust Circuit 
Although the offset voltage of the AIS may be adjusted, that 
adjustment is normally performed at the ADC. In some special 
applications, however, it may be helpful to adjust the offset of 
the Analog Input Section. An example of such a case would be 
if the input signals were small «10 
mV) relative to the AIS 
voltage offset and if a gain stage was to be inserted between the 
AIS and the ADC. To adjust the offset of the AIS, the circuit 
shown in Figure 8 is recommended. 


ANALOG 


INPUT 


SECTION 


Under normal conditions, all calibration is performed at the 
ADC Section. 


Gain Adjust, AD363·ADC: 
Gain may be adjusted by connect- 
ing a 100 n potentiometer 
berween + 10 V Reference Output 
and Gain Adjust Input (ADC Pins 18 and 27). A multi-turn, 
low temperature 
coefficient potentiometer, 
such as a 20-turn 
cermet device, is recommended. 
This potentiometer 
may be re- 
placed with a 50 n, 0.1 % resistor to obtain an absolute gain cali- 
bration of 0.05% without trimming. 


Offset Adjust, AD363·ADC: 
The simplest offset adjust circuit 
requires a 20-turn, 20 kn cermet potentiometer 
and a 3.9 Mn 
resistor as shown in Figure 9a. This arrangement 
has an adjust- 
ment range of ±8 LSBs, and will contribute a maximum of 
2.3 ppmrc 
offset drift with a carbon composition fixed resistor 


(TC = -1200 ppmrC). 
Drift contributions 
from the offset ad- 
just circuit can be reduced well below this level using metal-ftlm 
resistors and the circuit of Figure 9b. 


Gain Adjust, AD364-ADC: 
Gain may be adjusted by connect- 
ing a 100 n potentiometer 
berween the Reference Output and 
Reference Input (ADC Pins 8 and 10). A multi-turn, 
low tem- 


perature coefficient potentiometer, 
such as a 20T cermet device, 


is recommended. 
A fIXed 50 n, 
1% resistor should be connected 
berween Pins 8 and 10 if no gain trim is required. • 


.1SV 


~ 


~ 
~ 
AD363-ADC 


-lSV 


Offset Adjust, AD364·ADC: 
Offset adjust circuits for unipolar 
and bipolar operation are shown in Figures lOa and lOb. In each 
case the potentiometer 
should be a multi-turn, 
low temperature 
coefficient device, such as 20-turn cermet. Lowest offset drift in 
unipolar operation will be realized when the fIXed resistors are 
low-TC (100 ppmrC) 
metal-ftlm types. 


OFFSET 
Rl 
lOOk 
-ISV~+ISV 
MIDDLE 
BITS 


AD364-ADC 
LOW 
REF IN 
BITS 


Input Scaling: 
Connections for the various ADC input ranges 
are given in Tables II and III. 


Buffer: 
An uncommitted 
unity-gain buffer is available in the 
AD363-ADC. This buffer has a 2 fLSsettling time to 0.01 % for 
a 20 V step. Its input should be grounded if the buffer is not 
used. 


Range 
Input To Pin: 
Span Pin: 
Pin 23 To: 


o to +5 V 
24 
25 to 22 


Oto +IOV 
24 
- 


-2.5 
V to +2.5 V 
24 
25 to 22 


-5 V to +5 V 
24 
- 
22 


-10 V to +10 V 
25 
- 


Connect 
Analog 
Connect 
Range 
Input To Pin: 
Pin 12 To: 


o to +10 V 
13 
GND* 


-5 V to +5 V 
13 
Pin 8** 


-10 V to +10 V 
14 
Pin 8** 


Other Considerations 
Grounding: 
Analog and digital signal grounds should be kept 
separate where possible to prevent digital signals from flowing in 
the analog ground circuit and inducing spurious analog signal 
noise. Analog Ground (Pin 17) and Digital Ground (Pin 2) are 
not connected internally; these pins must be connected exter- 
nally for the system to operate properly. Preferably, this connec- 
tion is made at only one point, as close to the AIS, as possible. 
The case is connected internally to Digital Ground to provide 
good electrostatic shielding. If the grounds are not tied common 
on the same card with the AIS they should be connected with 
back-to-back general purpose diodes as shown in Figure 11. 
This will protect the AIS from possible damage caused by volt- 
ages in excess of ± I volt between the ground systems which 
could occur if the key grounding card should be removed from 
the overall system. The device will operate properly with as 
much as ±200 mV between grounds, however this difference 
will be reflected directly as an input offset voltage. 


Power Supply Bypassing: The ±15 V and +5 V power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. 
1 fLF tan- 
talum. types are recommended; 
these capacitors should be lo- 
cated close to the system. It is not necessary to shunt these 
capacitors with disc capacitors to provide additional high fre- 
quency power supply decoupling since each power lead is by- 
passed internally with a 0.039 fLFceramic capacitor. 
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FEATURES 
Complete AID System for DSP Includes: 
4th Order Antialiasing 
Filter 
12·Bit Sampling 
AID Converter 
32·Word FIFO Memory 
Fully Asynchronous, 
High Speed Digital Interface 
Sample Rate up to 125 kHz 
Entire System Is Dynamically 
Specified 
15 ns Data Access Time Allows 
"No Wait State" 
Interface to: ADSp·2100 (AI, TMS32OC25 
DSP56000, NEC•.•.PD77230 


APPLICATIONS 
Sonar Signal Processing 
Vibration 
Analysis 
Ultrasound 
Imaging 
PC Data Acquisition 
High Speed Modems 
Motion 
Control 
Speech Processing 


PRODUCT 
DESCRIPTION 
The AD1332 is a complete, 12-bit AID converter system opti- 
mized for use in high speed digital signal processing (DSP) ap- 
plications. The device consists of a fourth order antialiasing 
ftIter, a 12-bit sampling AID, a fully asynchronous high speed 
digital interface and a 32-word FIFO memory. The AD1332 is 
manufactured 
using highly reliable advanced hybrid circuit as- 
sembly techniques and is packaged in a 4O-pin hermetic DIP. 


The antialiasing ftIter is an active four-pole Butterworth. 
Cutoff 


frequencies (fe;) are user-selectable (capacitor programmable), 
and operation is specified for fc up to 50 kHz. The filter may 
be bypassed entirely if desired. 


The 12-bit sampling AID converter can convert 
:!:5 V full-scale 
signals at sample rates up to 125 kHz. The rate is programmable 
by means of a single external clock. The entire converter system 
is specified and tested for signal-to-noise ratio and total har- 
monic distortion. 


The digital interface provides a true asynchronous link between 
the AID and a high speed microprocessor. 
Data transfer is con- 
trolled by generating an interrupt 
signal when data is available. 
Interrupts 
can be generated when the FIFO is full (32 words), 
half-full (16 words), or when a single word of data is ready 
(FIFO bypassed). In addition, the AD1332 can generate an in- 
terrupt signal when the AID conversion results are overrange. 


The AD1332 provides a completely specified and tested system 
that bridges the interface and specification gap between AID 
converters and high speed DSP. 


Complete 
12-Bit Sampling AID Converter 
for Digital Signal Processing 


AD1332 
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DATA ACCESS TIME 
(Typical at +25°C) 


• 


AD1332 - 
SPECIFICATIONS 
(TA = +25°C. Vs = ±15 V.VDD = +5 V. unless otherwise noted) 


,~, 
r 
AD1332BD 
AD1332TD 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


FILTER 
(Cl-e4 
= 500 pF ±1%) 


Input Impedance 
8 
10 
8 
10 
kO 
Voltage Range 
±10 
±IO 
V 


Output Voltage Range RL2:4 k 
±IO 
±10 
V 


Corner Frequency, Accuracy 
±2 
±2 
% 


Drift 
±0.01 
±0.01 
%fC 
Gainl @ de 
-0.05 
+0.05 
-0.05 
+0.05 
dB 
0.8 fc 
-I 
+1 
-1 
+1 
dB 
fc 
-3 
-3 
dB 
4 fc 
-48 
-45 
-48 
-45 
dB 
10 fc 
-76 
-76 
dB 
Settling Time to 0.01%, 10 V Step 
100 
125 
100 
125 
ILS 


Offset 
±2 
±5 
±2 
±5 
mV 
Drift 
±20 
±100 
±20 
±100 
".vrc 
Noise 
75 
. 
75 
".Vrms 


SAMPLING AID CONVERTER2 
,. 


Input Impedance 
4 
5 
4 
5 
kO 
Voltage Range 
-5 to +5 
-5 to +5 
V 


Output Coding 
Offset Binary 
Offset Binary 
CLK IN Frequency 
0.5 
2.5 
0.5 
2.5 
MHz 
High Time 
200 
200 
ns 
Low Time 
200 
200 
ns 


Sampling Rate (fs) 
125 
125 
kHz 
sm 
Acquisition Time 
2.8 
2.8 
fJ.S 


Droop Rate 
0.25 
0.5 
0.25 
0.5 
mV/ms 
Over Temperature 
Doubles Every 10°C 
Doubles Every 10°C 
Aperture Delay Time 
15 
15 
ns 


Static Characteristics 


Integral Nonlinearity 
±1/2 
±1 
±112 
±1 
LSB 
Over Temperature 
±1 
±1 
LSB 
Resolution for No Missing Codes 
12 
12 
Bits 


Over Temperature 
12 
12 
Bits 
- Full-Scale Error 
±I 
±2 
±1 
±2 
LSB 
Over Temperature 
±2 
±8 
±2 
±13 
LSB 


+ Full-Scale Error 
±1 
±2 
±1 
±2 
LSB 
Over Temperature 
±2 
±8 
±2 
±13 
LSB 
PSRR, ±Vs 
±112 
±1/2 
LSBN 
Dynamic Characteristics I. 3 


With Filter (fc = 50 kHz) 


Signal-ta-Noise Ratio, 
fIN = 38.7 kHz 
70 
72 
70 
72 
dB 
Total Harmonic Distortion, fIN = 38.7 kHz 
-82 
-72 
-82 
-72 
dB 
Intermodulation 
Distortion, 
fIN, = 32.8 kHz 
& fIN2 = 34.3 kHz 
-82 
-72 
-82 
-72 
dB 
Without Filter 
Signal-to-Noise Ratio, 
fIN = 60.9 kHz 
70 
72 
70 
72 
dB 
Total Harmonic Distortion, fIN = 60.9 kHz 
-78 
-68 
-78 
-68 
dB 
Intermodulation 
Distortion, 
fIN, = 58.7 kHz 
& fIN2 = 60.9 kHz 
-78 
-68 
-78 
-68 
dB 
Reference Voltage 
-5.05 
-4.95 
-5.05 
-4.95 
V 
Output Current 
±I 
±2 
±I 
±2 
mA 
Drift 
±1O 
±30 
±1O 
±30 
ppmfC 


AD1332BD 
AD1332TD 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


DIGITAL 
INPUTS' 
RD, WR, CS, RST, AO, 
DO-Dll, 
PTC ENB 
Input Voltage, Logic Low 
+0.8 
+0.8 
V 
Input Voltage, Logic High 
+2.0 
+2.25 
V 
Input Current 
±200 
±200 
~ 
SAMPLE IN, CLK IN 
Input Voltage, Logic Low 
+1.5 
+1.5 
V 
Input Voltage, Logic High 
+3.5 
+3.5 
V 
Input Current 
±10 
±10 
~ 
Input Capacitance 
5 
5 
pF 
RST LOW Pulse Width 
10 
10 
ns 


DIGITAL 
OUTPUTS' 
D~Dll, 
SAMPLE OUT 
Output Voltage, Logic Low' 
+0.4 
+0.4 
V 
Output Voltage, Logic High 
DO-Dlls 
+2.4 
+2.4 
V 
SAMPLE OUT, 
lOR = -0.4 
mA 
+4.0 
+4.0 
V 
High Impedance Leakage Current 
±200 
±200 
•.•A 
IRQ, PTC ENB 
Output Voltage, Logic Low' 
+0.4 
+0.4 
V 
Off-State Leakage 
±10 
±10 
•.•A 
Output Capacitance 
5 
5 
pF 
IRQ LOW to DO-Dll 
Valid' 
0 
0 
ns 


POWER REQUIREMENTS 
Operating Range 
±Vs 
±11.4 
±15.75 
±11.4 
±15.75 
V 
Voo 
+4.75 
+5.25 
+4.75 
+5.25 
V 
+ Vs Supply Current 
50 
57 
50 
57 
mA 
- Vs Supply Current 
48 
57 
48 
57 
mA 
+ V00 Supply Current 
6 
15 
6 
15 
mA 
Consumption 
±Vs = ±12 V 
1.2 
1.4 
1.2 
1.4 
W 
±Vs = ±15 V 
- 
1.5 
1.75 
1.5 
1.75 
W 


TEMPERATURE 
RANGE 
Operating and Specified 
-40 
+85 
-55 
+125 
°C 
Storage 
-65 
+150 
-65 
+150 
°C • 


NOTES 
'Guaranteed over operating temperature range, tested at +25"<: only. 
'fcLK = 2.5 MHz, SAMPLE IN connected to SAMPLE OUT, PTC ENB = Low. 
'THD 
of harmonics 2-7 of the fundamental. SNR of fundamental less harmonics 2-7. 


'RD, CS, AO = "Low;" WR, RST = "High." 
'IoL = 4 mA, loR = -4 mA for AD1332BD. 10L = 3.2 mA, lOR = -3.2 
mA for AD1332TD. 
Specifications subject to change without notice. 


Temperature 
Package 
Model 
Range 
Option· 


AD 1332BD 
-40°C to +85°C 
DH-4OA 
AD 1332TD/883B 
-55°C to + 125°C 
DH-4OA 


(over operating temperature and power supply voltage range, with COUT = 30 pF or 
100 pF except where noted) 


Parameter 
Description 
Conditions 
Min 
Max 
Units 


READ CYCLE 


tRC 
Read Cycle Time 
COUT = 30 pF 
25 
ns 


COUT = 100 pF 
35 
ns 


tA 
Data Access Time 
CoUT = 30 pF 
15 
ns 


CoUT = 100 pF 
25 
ns 


COUT = 150 pF 
35 
ns 
tLZ 
Output Low Z Time 
2 
. 
ns 


tHz 
Output High Z Time 
COUT = 30 pF 
15 
ns 
COUT = 100 pF 
25 
ns 


loH 
Output Hold Time 
2 
ns 
tAORO 
AOValid to RD LOW 
3 
ns 


tRDAO 
RD HIGH to AOInvalid 
3 
ns 
tAOCS 
AOValid to CS LOW 
3 
ns 
teSAO 
CS HIGH to AO Invalid 
3 
ns 


WRITE CYCLE 
twc 
Write Cycle Time 
15 
ns 
twp 
Write Pulse Width 
5 
ns 
tsu 
Data Setup Time 
2 
ns 
tlH 
Input Hold Time 
4 
ns 
tAoWR 
AOValid to WR LOW 
3 
ns 
tWRAO 
WR HIGH to AO Invalid 
3 
ns 
tAOCS 
AOValid to CS LOW 
3 
ns 
tesAO 
CS HIGH to AO Invalid 
3 
ns 


ABSOLUTE 
MAXIMUM 
RATINGS· 


+VstoAPWRlASIGGND 
+18V 


-VstoAPWRlASIGGND 
-I8V 
Voo to DGND 
+7 V 
APWRIASIG GND to DGND 
-0.3 
V to +0.3 V 
Analog Input to APWRIASIG GND 
SIR IN, FILTER 
IN, Clvg-C4vg 
-Vs 
to +Vs 


Digital Input to APWR GND 
SAMPLE IN, CLK IN 
-0.3 
V to +7 V 
Digital Input to DGND 
Do-Dll, 
RD, WR, CS, AO, RST, 


PTC ENB 
-0.3 
V to Voo 
+0.3 V 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


NOTE 
Specifications subject to change without notice. 
Specifications are guaranteed but not tested. 


Output Short Circuit Duration 
FILTER 
OUT, REF OUT or Clwv-C4wv 
Indefinite 
Digital Output 
I Output for I see 
Lead Temperature 
Range, 
Soldering for 10 see 
+ 300°C 


·Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum. rating conditions for extended periods may 
affect device reliability. 
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FEATURES 
Four-Channel A/D Converter for DSP Includes: 
Simultaneous or Independent Sampling 
Capability 
12-Bit Accurate A/D Converter 
2-Bit Channel 10 Tags Each Conversion Result 
32-Word FIFO Memory 
Fully Asynchronous, High Speed Digital Interface 
Single-Channel Sample Rate Up to 67 kHz 
Four-Channel Simultaneous Sample Rate Up to 28 kHz 
Entire System Dynamically Characterized 
Minimal Effective Aperture Delay Mismatch from 
Channel-to-Channel & Device-to-Device 
15 ns Data Access TIme Allows MNoWait StateM 


Interface to: ADSP-2100 (AI, TMS320C25 
DSP56000,NEC~PD77230 
Low Power, 250 mW/Channel 


APPLICATIONS 
Sonar Signal Processing 
Robotics/Machine Control 
Disk-Drive Head Positioning 
Vibration Analysis 


PRODUCT 
DESCRIPTION 
The AD1334 is a four-channel, 
12-bit, sampling NO 
converter 
system optimized for use in multichannel 
digital signal process- 


ing (DSP) applications. 
The device consists of four independent 
sample-and-hold 
amplifiers, a multiplexer, 
an AID converter, 
a 


controller, a 32-word FIFO memory and a fully asynchronous 
high speed digital interface. The product is packaged in a 4O-pin 
hermetic DIP. 


The channel controller enables the AD 1334 to appear as four 
independent 
channels of analog input by generating all of the 
timing necessary to ensure that the sampled channel is digitized 
to 12-bit accuracy. Upon receipt of a sample command, 
the con- 
troller will immediately place the sample-and-hold 
amplifier into 
hold mode and then prioritize and schedule the held value for 
NO conversion. At the appropriate 
time, the sampled input is 


gated through the multiplexer and, after settling, is digitized by 
the AID converter. 
The sample-and-hold 
amplifier is then re- 
turned to sample mode so that it can acquire the next sample. 


Four-Channel 
12-Bit Sampling AID Converter 
for Digital Signal Processing 


AD1334 
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For effective use in simultaneous sampling applications, 
the 
sample-and-hold 
amplifiers are designed to provide a minimum 
amount of aperture delay time mismatch from channel-to- 
channel and device-to-device. 


The 12-bit AID converter can convert 
:!: 5 V full scale signals at 
• 


sample rates up to 67 kHz for single-channel operation. 
In the 


simultaneous mode, the AD1334 has a four-channel 
sample rate 


up to 28 kHz. The entire converter system is specified and 
tested for signal-to-noise ratio, total harmonic distortion and 
channel-to-channel 
isolation. 


The digital interface provides a true asynchronous 
link between 
the AID and a high speed microprocessor. 
Data transfer is con- 
trolled by generating an interrupt 
signal when data is available. 
Interrupts 
can be generated when the FIFO is full (32 words), 
half-full (16 words), or when a single word of data is ready 
(FIFO bypassed). The AD1334 can also generate an interrupt 
when the AID conversion results are overrange. 


The AD 1334 provides a completely specified and tested system 
that bridges the interface and specification gap between AID 
converters and high speed DSP. 


~&&#"'..I~"'-- 
n.u.~.;J6t.l.LI 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


SM, MUX & AiD CONVERTER' 
Input Impedance 
2 
2.5 
2 
2.5 
kO 
Voltage Range 
-5 to +5 
-5 to +5 
V 
Output Coding 
Offset Binary 
Offset Binary 
CLK IN Frequency, 
(fcLlJ 
1.0 
2.5 
1.0 
2.5 
MHz 
High Time 
200 
200 
ns 
Low Time 
200 
200 
ns 
Sampling Rate Per Channel (fs) 
Simultaneous Mode (SIMUL T = LOW) 
I Channel 
67 
67 
kHz 
2 Channels 
46 
46 
kHz 
3 Channels 
35 
35 
kHz 
4 Channels 
28 
28 
kHz 
Independent 
Mode (SIMULT = HIGH) 
I Channel 
67 
67 
kHz 
2 Channels 
67 
67 
kHz 
3 Channels 
44 
44 
kHz 
4 Channels 
33 
33 
kHz 


SIR 
Acquisition Time to 0.01% 
6.5 
7.5 
6.5 
7.5 
ILS 
Droop Rate 
0.2 
1.0 
0.2 
1.0 
mV/ms 
Over Temperarure 
Doubles Every 10°C 
Doubles Every 10°C 


- 3 dB Small Signal Bandwidth 
200 
200 
kHz 
Group Delay2 (flN<10 kHz) 
785 
785 
ns 
Aperture Delay3 
0 
10 
15 
0 
10 
15 
ns 
Effective Aperture Delay' (flN< 10 kHz) 
-700 
-775 
-850 
-700 
-775 
-850 
ns 
Static Characteristics 
Integral Linearity Error 
±1/2 
+1 
±112 
+1 
LSB 
Over Temperature 
±1 
±1 112 
LSB 
Differential Linearity Error 
±1 
±1 
LSB 
Over Temperature 
±1 
±2 
LSB 
- Full-Scale Error 
±2 
±4 
±2 
±4 
LSB 
Over Temperarure 
±4 
±8 
±4 
±13 
LSB 
+ Full-Scale Error 
±2 
±4 
±2 
±4 
LSB 
Over Temperature 
±4 
±8 
±4 
±13 
LSB 
PSRR, ±Vs 
±1/2 
±112 
LSBN 
Dynamic Characteristics" 
6 
Signal-to-Noise Ratio, 
fiN = 13.6 kHz 
70 
72 
70 
72 
dB 
Total Harmonic Distortion, 
fiN = 13.6 kHz 
-86 
-76 
-86 
-76 
dB 
Intermodulation 
Distortion, 
flNl = 13.1 kHz 
& flN2 = 13.6 kHz 
-86 
-76 
-86 
-76 
dB 
Channel-to-Channel 
Isolation7, fIN = 8.009 kHz 
SIMULT = LOW 
70 
78 
70 
78 
dB 
SIMULT = HIGH 
74 
74 
dB 
Reference Voltage 
-5.05 
-4.95 
-5.05 
-4.95 
V 
Output Current 
±1 
±2 
±1 
±2 
mA 
Drift 
±10 
±30 
±IO 
±30 
ppm?C 


AD1334BD 
AD1334TD 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


DIGITAL 
INPUTS· 
Voltage Input, LOW 
+0.8 
+0.8 
V 
HIGH 
+2.0 
+2.25 
V 
Input Current 
:!:250 
:!:250 
J.LA 
Input Capacitance 
5 
5 
pF 
RST LOW Pulse Width 
10 
10 
ns 


DIGITAL 
OUTPUTS· 
DO-DB, 
READY 
Output Voltage, Logic LOW· 
+0.4 
+0.4 
V 
Output Voltage, Logic HIGH· 
+2.4 
+2.4 
V 
3-State Leakage Current 
:!:250 
:!:250 
J.LA 
IRQ, CONTROL 
ENB 
Output Voltage, Logic LOW· 
+0.4 
+0.4 
V 
IRQ Off-State Leakage 
:!:10 
:!:IO 
J.LA 
Output Capacitance 
5 
5 
pF 
FIFO Fall-Thru Time 
400 
800 
400 
800 
ns 
IRQ LOW to DO-DB 
Valid9 
0 
" 
0 
ns 


POWER REQUIREMENTS 
Operating Range 
:!:Vs 
:!:11.4 
:!:15.75 
:!:11.4 
:!:15.75 
V 
Voo 
+4.75 
+5.25 
+4.75 
+5.25 
V 
Supply Current 
+Vs 
47 
60 
47 
60 
mA 


-Vs 
39 
50 
39 
50 
mA 


+Voo 
7 
IS 
7 
IS 
mA 
Consumption 
:!:Vs = :!:12 V 
1.0 
1.2 
1.0 
1.2 
W 


:!:Vs = :!:15 V 
1.25 
1.5 
1.25 
I.S 
W 


TEMPERATURE 
RANGE 
Operating and Specified 
-40 
+85 
-55 
+125 
°C 
Storage 
-65 
+150 
-65 
+150 
°C • 


NOTES 
'Specifications are per channel in 4 Channel Simultaneous Mode (SAMPLE 0-3 connected together and SIMULT 
& CONTROL 
ENB = LOW), 
at fs = 28 kHz, and with SAMPLE 0-3 having an 80% duty cycle unless noted. 
2Group delay 
is the negative 
of the 1st derivative 
of phase 
with respect 
to frequency 
and is a measure 
of the analog 
time delay 
through 
the SIH. 


'Apenure 
delay is the time delay from the SAMPLE input to SIH switch opening and is a measure of the digital time delay through the SIH. 
'Effective apenure delay is the difference between analog and digital time delays described in (2) and (3). 
'THO 
of harmonics 2-7 of the fundamental. 
SNR of fundamental less harmonics 2-7. 
6Guaranteed 
over operating 
temperature 
and power 
supply 
voltage 
range. 


7Isolation of anyone 
channel from remaining three channels which have near maximum amplitude ae signals at their inputs. 
SIOL= 4 mA for A01334BO, 
IOL = 3.2 mA for A01334TO; 
IOH = -4 mA for A01334BO, 
IOH = -3.2 
mA for A01334TO. 
"RD, 
CS, AO = LOW; WR, RST = HIGH. 


Specifications 
subject 
to change 
without 
notice. 


Temperature 
Package 
Model 
Range 
Option* 


ADB34BD 
-40°C to +85°C 
DH-40A 
ADB34TD/883B 
-55°C to + 125°C 
DH-40A 


AD1334 


SWITCHING CHARACTERISTICS 


(over operating temperature and power supply voltage range, 
with COUT = 30 pF or 100 pF except where noted) 


Parameter 
Description 
Conditions 
Min 
Max 
Units 


READ CYCLE 
tRC 
Read Cycle Time 
COUT = 30 pF 
25 
ns 


COUT = 100 pF 
35 
ns 


tA 
Data Access Time 
COUT = 30 pF 
15 
ns 


COUT = 100 pF 
25 
ns 


tLZ 
Output Low Z Time 
2 
ns 
tHZ 
Output High Z Time 
COUT = 30 pF 
15 
ns 


COUT = 100 pF 
25 
ns 


tOH 
Output Hold Time 
2 
ns 


lAORD 
AOValid to RD LOW 
3 
ns 


tRDAD 
RD HIGH to AOInvalid 
3 
ns 
tAOCS 
AOValid to CS LOW 
3 
ns 


teSAO 
CS HIGH to AO Invalid 
3 
ns 


WRITE CYCLE 


twc 
Write Cycle Time 
15 
ns 


twP 
Write Pulse Width 
5 
ns 


tsu 
Data Setup Time 
2 
ns 


tlH 
Input Hold Time 
4 
ns 


tAOWR 
AOValid to WR LOW 
3 
ns 


tWRAO 
WR HIGH to AO Invalid 
3 
ns 
tAOCS 
AOValid to CS LOW 
3 
ns 


tesAO 
CS HIGH to AO Invalid 
3 
ns 


ABSOLUTE 
MAXIMUM 
RATINGS· 
+VS to APWRIASIG GND 
+18 V 
-Vs 
to APWRIASIG GND 
-18 V 
Voo to DGND 
+7 V 
APWRIASIG GND to DGND 
-0.3 
V to +0.3 V 
Analog Input to APWRJASIG GND 
-Vs 
to +VS 
Digital Input to APWR GND 
SAMPLEo-SAMPLE3, 
CLK IN, 
SIMULT, 
CONTROL 
ENB 
-0.3 
V to +7 V 
Digital Input to DGND 
Do-D13, 
RD, WR, CS, AO, RST 
.. 
-0.3 
V to Voo+0.3 
V 


Output Short Circuit Duration 
REF OUT, TP 
Indefinite 
Digital Output 
.........•........ 
1 Output for 1 sec 


Lead Temperature 
Range, 
Solderingforl0sec 
+3OO°C 


·Stresses above those listed under "Absolute Maximum Ratings" may cause 


permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Exposure 
to absolute maximum conditions for extended periods may affect device 
reliability. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 


however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


IllIIIIII ANALOG 
WDEVICES 


I 


FEATURES 
150.000 
Channels/Second 
Throughput 
Rate 
Analog 
Inputs 
16 Single-Ended 
(SE) or 8 Differential 
(DE); 
Expandable 
to 32 SE or 16 DE 
Over 
Voltage 
Protected 
Power 
Supply 
Loss Protected 
Programmable 
Gain 
Amplifier 
(PGA) 
Binary 
Gains 
1 to 128 
Independent 
Gain 
Selection 
per Channel 
12-Bit 
Sampling 
A/D 
Converter 
Processor 
Interface 
FIFOs for Channel 
Control 
and Conversion 
Results 
Fully Asynchronous 
16·Bit 
Parallel 
Bus 
15 ns Data 
Access Time 
Selectable 
16·Bit 
Data 
Format 
Programmable 
Interrupt 
Structure 
Ceramic 
Surface 
Mount 
Package 


APPLICATIONS 
DSP Data 
Acquisition 
Missile 
Guidance 
Vibration 
Analysis 
Process 
Control 


PRODUCT 
DESCRIPTION 
The AD1341 is a complete 16-channel data acquisition system 
optimized for use in multichannel 
control and digital signal pro- 
cessing applications. The device consists of two 8-channel input 
multiplexers, 
a programmable 
gain amplifier (PGA), a 12-bit 


sampling AID converter, two 32-word FIFOs, a controller, and 
registers for status and control. The device is packaged in a 100- 
lead ceramic quad flat package. 


The input multiplexers can be configured for either 16 channels 
of single-ended input or 8 channels of differential input. The 
number of channels can be doubled with the addition of a single 
external 16-channel multiplexer. 
The inputs are protected 
against power loss for applications where the AD 1341 is not 
powered from the same source as its inputs. 


The programmable 
gain amplifier has differential inputs and 8 
binary gain ranges from I to 128. Each channel can be pro- 
grammed for a different gain. The controller timing allows the 
ADI341 to operate at the full 150,000 channels/second at gains 
from I to 8. Above 8, the throughput 
rate decreases proportion- 
ately to the increase in gain. 


The 12-bit sampling AID converter is specified and tested for 
both static and dynamic performance. 


16-Channel 
Data Acquisition System 


AD1341 
I 


ctt1f<JCHT- 
I 
!I 
........... 


The AD1341 communicates asynchronously 
with the micropro- 
cessor over a 16-bit wide data path. Data can be formatted in 
either straight binary or twos complement with left, center or 
• 
right justification. A 32-word FIFO is used to control channel 
selection and PGA gain. A second 32-word FIFO is used to 
store AID conversion results. 


PRODUCT 
HIGHLIGHTS 
I. High throughput 
rate makes the AD 1341 ideal for use in a 
wide range of applications in motion control, speech process- 
ing, PC data acquisition, medical instrumentation, 
and mis- 
sile guidance. 


2. Software development is simplified because timing for chan- 
nel selection, PGA gain changing and settling, and AID con- 
version is internal to the AD 1341. Registers are available for 
enabling interrupt 
conditions and polling interrupt 
conditions 
or real-time status. 


3. Software overhead is reduced by having FIFOs store channel 
information and conversion results. 


4. Processor interface is simplified because the AD 1341 operates 
fully asynchronously to the processor, has a maximum 
15 ns data access time and is isolated by hybrid circuit 
construction. 


ANALOG INPUTS (Per Channel) 
Impedance 
Single Ended 
1001150 
1001150 
MflllpF 
Differential 
1001125 
1001125 
MflllpF 
Voltage Range 
Common Mode 
±1O 
±1O 
V 
Differential 
IO-i-G 
IO-i-G 
V 
CMRR 
@ 120 Hz, G = 1 
80 
90 
80 
90 
dB 
G = 128 
80 
90 
80 
90 
dB 
Bias Current (VCM =.0) 
±O.I 
±2 
±O.I 
±2 
nA 


TOlin to Tmax 
±2oo 
±3oo 
nA 
Voltage Noise (RTI) 
G = 1 
75 
75 
I.LVrms 
G = 128 
10 
10 
I.LVrms 


ANALOG OUTPUT 
Reference Voltage 
9.90 
10.10 
9.90 
10.10 
V 
Drift 
±10 
±30 
±10 
±30 
ppm?C 
Output Current 
±1 
±2 
±1 
±2 
mA 


TRANSFER 
CHARACTERISTICS 
Standard Throughput 
Rate' 
G = 1,2,4 
or 8 
150,000 
150,000 
Chan/Sec 
G = 16 
75,000 
75,000 
Chan/Sec 
G = 32 
37,500 
37,500 
Chan/Sec 
G=64 
18,750 
18,750 
Chan/Sec 
G = 128 
9,375 
9,375 
Chan/Sec 
Accelerated Throughput 
Rate" 
2 
G = 1,2,4 
or 8 
150,000 
150,000 
Chan/Sec 
G = 16 
100,000 
100,000 
Chan/Sec 
G = 32 
57,690 
57,690 
Chan/Sec 
G=64 
29,410 
29,410 
Chan/Sec 
G = 128 
14,850 
14,850 
Chan/Sec 
STATIC CHARACTERISTICS 
PGA Gain Accuracy (Any Gain) 
±1/2 
±2 
±1I2 
±2 
% 
Integral Nonlinearity 
±1/2 
±1 
±1I2 
±1 
LSB 


TOlin to Tmax 
±1 
±1 
LSB 
Resolution for No Missing Codes 
12 
12 
Bits 


TOlin 
to Tmax 
12 
12 
Bits 
Unipolar Offset Error 
±1 
±2 
±1 
±2 
LSB 


TOlin 
to Tmax 
±4 
±6 
LSB 
Bipolar Zero Error 
±1 
±2 
±1 
±2 
LSB 


TOlin to Tmax 
±4 
±6 
LSB 
Gain Error 
±1 
±2 
±1 
±2 
LSB 


TOlin 
to Tmax 
±8 
±12 
LSB 
DYNAMIC CHARACTERISTICS 
SNR 
G = 1, 
fs = 150.0 kHz' 
70 
73 
70 
73 
dB 
G = 2, 
fs = 150.0 kHz 
72 
72 
dB 
G = 4, 
fs = 150.0 kHz 
72 
72 
dB 
G = 8, 
fs = 150.0 kHz 
71 
71 
dB 
G = 16, 
fs = 75.0 kHz' 
68 
71 
68 
71 
dB 
G = 32, 
fs = 37.5 kHz 
70 
70 
dB 
G = 64, 
fs = 18.8 kHz 
69 
69 
dB 
G = 128, 
fs = 9.4 kHz 
66 
66 
dB 


~--- 
--- -- 
- 


Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


THD 
G = 1, 
fs = 150.0 kHz' 
-90 
-80 
-90 
-80 
dB 


G = 2, 
fs = 150.0 kHz 
-90 
-90 
dB 


G = 4, 
fs = 150.0 kHz 
-88 
-88 
dB 


G = 8, 
fs = 150.0 kHz 
-88 
-88 
dB 


G = 16, 
fs = 75.0 kHz' 
-88 
-78 
-88 
-78 
dB 


G = 32, 
fs = 37.5 kHz 
-88 
-88 
dB 
G = 64, 
fs = 18.8 kHz 
-85 
-85 
dB 
G = 128, 
fs = 9.4 kHz 
-84 
-84 
dB 


CHANNEL-TO-CHANNEL 
ISOLATION 
80 
80 
dB 


DIGITAL 
INPUTS' 
Input Voltage 
Logic Low 
0.8 
0.8 
V 
Logic High 
2.0 
2.25 
V 
Input Current 
±60 
±200 
±60 
±200 
I-l-A 
Input Capacitance 
2 
2 
pF 
RST Low Pulse Width 
10 
10 
ns 
CLK Input 
Frequency 
3.0 
3.0 
MHz 
Duty Cycle 
45 
, 
55 
45 
55 
% 


DIGITAL 
OUTPUTS' 


Output Voltage 
Logic Low 
IOL = 4.0 mA 
0.2 
0.4 
V 
IOL = 3.2 mA 
0.2 
0.4 
V 
Logic High 
IOH = -4.0 
mA 
2.4 
4.5 
V 
IOH = -3.2 
mA 
2.4 
4.5 
V 
Output Capacitance 
6 
6 
pF 
High Impedance Leakage, 


DO-Dl5 
±60 
±200 
±60 
±200 
I-l-A 
Off State Leakage, IRQ 
±1 
±10 
±1 
±10 
I-l-A 


POWER SUPPLY 
Operating Voltage Range 
+Vs 
+14.25 
+ 15.75 
+13.5 
+16.5 
V 
-Vs 
-15.75 
-14.25 
-16.5 
-13.5 
V 
Voo 
+4.75 
+5.25 
+4.5 
+5.5 
V 
Quiescent Current 


+Vs 
41 
56 
41 
56 
mA 
-Vs 
35 
50 
35 
50 
mA 
Voo 
5 
10 
5 
10 
mA 


POWER CONSUMPTION 
1.2 
1.6 
1.2 
1.6 
W 
PSRR, ±Vs 
±112 
±112 
LSBN 
TEMPERATURE 
RANGE 
Operating and Specified 
0 
+70 
-55 
+125 
°C 
Storage 
-65 
+150 
-65 
+150 
°C 
• 


NOTES 


IAll channel gains are fixed at the specified value. 


2Accelerated 
performance 
is achieved 
through 
using 
a pipeline 
architecture 
and constant 
SHA 
acquisition 
times 
(see page 
12 of this data sheet). 
'fIN ~ 4.6 kHz for G ~ I, 2.3 kHz for G = 16 tests. SNR excludes harmonics 2-9. THD includes harmonics 2-9. Input amplitude is -0.3 
dB relative to 
full·scale at each gain. 
4Guaranteed 
over operating 
temperature 
range, 
tested 
at + 2SOC only. 


Specifications 
subject 
to change 
without 
notice. 


ABSOLUTE 
MAXIMUM 
RATINGS· 
+Vs to APWRIASIG GND 
+18 V 
-Vs 
to APWRIASIG GND 
-18 V 
V00 to DGND 
+7 V 
APWRIASIG GND to DGND 
-0.3 
V to +0.3 V 
Analog Inputs to APWRIASIG GND 
Multiplexer 
+VS + 16 V, -Vs 
- 
16 V 
PGA 
- Vs to + Vs 
Reference Input 
0 V to + 11 V 
Digital Inputs to DGND 
.. 
-0.3 
V to Voo + 0.3 V or 10 rnA 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


Output Short Circuit Duration 
Reference & Multiplexer Outputs 
Indefinite 
Digital Outputs 
. . . . . . . . . . . . . . . 1 Output for 1 Second 
Lead Soldering Temperature 
(10 seconds) 
+ 300°C 


·Stresses above those listed under 
UAbsolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


SWITCHING CHARACTERISTICS 
(~ver operating temperature and power supply voltage range, 
With COUT = 30 pF or 100 pF except where noted) 


Parameter 
Description 
Condition 
Min 
Typ 
Max 
Units 


READ CYCLE 
tRC 
Read Cycle Time 
<:OUT = 30 pF 
25 
ns 
COUT = 100 pF 
35 
ns 
tA 
Data Access Time 
COUT = 30 pF 
15 
ns 


<:OUT = 100 pF 
25 
ns 


<:OUT = 150 pF 
35 
ns 
tLZ 
Output LO-Z Time 
2 
ns 
tHZ 
Output HI-Z Time 
COUT = 30 pF 
15 
ns 
COUT = 100 pF 
25 
ns 
tOH 
Output Hold Time 
2 
ns 


tARO 
Address Valid to RD Low 
3 
ns 


tRDA 
RD High to Address Invalid 
3 
ns 
tACS 
Address Valid to CS Low 
3 
ns 
teSA 
CS High to Address Invalid 
3 
ns 
WRITE CYCLE 
twc 
Write Cycle Time 
15 
ns 
twP 
Write Pulse Width 
, 
5 
ns 
tsu 
Input Setup Time 
2 
ns 
tlH 
Input Hold Time 
3 
ns 


tAWR 
Address Valid to WR Low 
3 
ns 
tWRA 
WR High to Address Invalid 
3 
ns 
tACS 
Address Valid to CS Low 
3 
ns 
teSA 
CS High to Address Invalid 
3 
ns 


Temperature 
Package 
Model 
Range 
Option· 


AD1341KZ 
O°Cto +70°C 
Z-IOO 


AD1341TZ/883B 
- 55°C to + 125°C 
Z-IOO 


NOTES 
CS IS VALID BEFORE OR COINCIDENT WITH AD HIGH· TO • lOW TRANSITION. 
CS 1$ INVALID 
AFTER 
OR COINCIDENT 
WITH AD LOW - TO - HIGH 
TRANSITION. 


Wii IS NOT ACTIVE DURING READ CYCLE. 


Figure la. Timing Waveform for Read Cycle No.1 (RO 
Controlled) 


NOTES 
@ISVALID 
BEFORE OR COINCIDENT WITH ~ 
HIGH· TO· 
lOW TRANSITION. 


RD IS INVALID AFTER OR COINCIDENT WITH CS lOW· 
TO • HIGH TRANSITION. 


WR IS NOT ACTIVE DURING 
READ 
CYCLE. 


Figure lb. Timing Waveform for Read Cycle No.2 (CS 
Controlled) 


Input Pulse Levels 
Input RiseIFail Times 
Timing Reference Levels 
Inputs 
Outputs 
LOW 
HIGH 
Enabled to LOW 
Enabled to HIGH 
Disabled from LOW 
Disabled from HIGH 


DGND to +3.0 V 
<5 ns 


0.4 V 
2.4 V 
VT -0.1 V 
VT +0.1 V 
VOL +0.5 V 
VOH -0.5 
V 


NOTES 
CS IS VALID BEFORE OR COINCIDENT WITH WR HIGH· TO • lOW TRANSITION. 
CS IS INVALID AFTER OR COINCIDENT WITH WR lOW· 
TO· 
HIGH TRANSITION. 


AD IS NOT ACnVE 
DURING WRITE CYCLE. 


Figure 2a. Timing Waveform for Write Cycle No. 1 (WR 
Controlled) 


• 
NOTES 
WR IS VALID BEFORE OR COINCIDENT WITH CS HIGH· TO • lOW TRANSITION. 
WR IS INVALID AFTER OR COINCIDENT WITH Cs lOW· 
TO· 
HIGH TRANSITION. 


AD IS NOT AcnVE 
DURING WRITE CYCLE. 


Figure 2b. Timing Waveform for Write Cycle No.2 (CS 
Controlled) 
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Figure 4. PGIA Common-Mode 
Rejection vs. Frequency, 
Gain = 1 
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Figure 7. THO vs. Input Frequency, 
Single Channel, Gain = 1 
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Figure 10. Normalized 
Data 
Access Time vs. Temperature 
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Figure 5. Multiplexer 
Off Isolation 
vs. Frequency 
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Figure 8. SNR vs. Gain, f'N = 
1904Hz 


80 
I 
I II 
iii 
T. = 25'C 
!.1zi 
a:.• 
:I: 
"~ 75 
::>... 
<.> 
><!!!. 
a>.., 
a:z 
Ul 


70 
100 
lk 
10k 
lOOk 


FREQUENCY 
- Hz 


Figure 6. Signal-to-Noise 
Ratio vs. 


Frequency, Single Channel, 
Gain = 1 


Figure 9. Normalized 
Data 


Access Time vs. Voo 
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Figure 11. Change in Data 
Access Time vs. Loading 
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SAMPLE 
RATE: 
150.000kHz 


INPUT 
FREQUENCY: 
74.588kHz 


INPUT 
AMPLITUDE: 
- 0.2dB 
SNR: 
72.OdB 


SINAD: 
64.7dB 


THO: 
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Figure 12. AD1341 Dynamic Performance 
(Single Channel, 
Gain = 1) 


Functional Overview 
The AD 1341 is a complete data acquisition system designed 
with modern processor technology in mind. The heart of the 
AD1341 is a 12-bit Sampling Analog-to-Digital 
Converter with a 
maximum throughput 
of ISO kHz. The basic 10 V input range 
may be pin-strapped 
for either unipolar (0 to + 10 V) or bipolar 


(-5 
V to +5 V) operation. The ADC is preceded by a 
Programmable-Gain 
Instrumentation 
Amplifier possessing 8 
binary-weighted 
gains between I and 128. Multiplexers provide 
16 input channels which can be configured for either single- 
ended or 8-channel differential operation via a pin-strap option. 
All multiplexer inputs are fully protected against overvoltage 
and power-loss conditions. The multiplexer outputs and PGIA 
inputs are not internally connected to provide maximum flexibil- 
ity and expansion capability. A + 10 V reference output is also 
available. 


The AD 1341 offers a wide range of interface and control op- 
tions. Programming 
and data readout are performed over a high 
speed asynchronous parallel 16-bit bus. Conversion results are 
stored in a 32-word FIFO which can be used to reduce I/O 
overhead. Six data formats are available. Sampling sequences of 
up to 32 channeUgain combinations are written to a command 


CHlk,lCH7_ 
II 
! 


FIFO. 
A sampling sequence may be executed just once or may 
be continued indefinitely using the programmable 
Repeat mode. 


The AD 1341 also includes expansion outputs which make possi- 
ble a doubling of the number of input channels using a single 
external multiplexer. 
Expanded configurations 
retain all the op- 
erating features of a stand-alone AD1341. The interrupt 
struc- 
ture is fully programmable. 
Status polling is fully supported. 


Finally, the AD1341 includes an independent 
programmable 
16-bit countdown timer. Figure 13 shows a complete block dia- 
gram of the AD 1341. 


Input Configurations 
The AD1341's ADC may be configured for either unipolar or 
bipolar inputs. Unipolar operation results when Ref Out (Pin 
80) is connected to Ref In (Pin 79). BP Off (Pin 78) must be 
connected to Analog Signal Ground during unipolar operation. 
Bipolar operation requires the connection of Ref In, Ref Out, 
and BP Off. An external + 10 V reference such as the AD27 10 
may be used if lower drift is required. 
A + 10.24 V reference 
will provide a basic LSB size of 2 mV when the PGIA gain is 
set to 1. 


The ADl341's 
multiplexer outputs and PGA inputs are not con- 


nected internally, but are instead brought out to package pins. 
Several pin-strapping 
options are possible to tailor the part to 
meet specific system requirements. 
The number of input chan- 
nels may also be doubled with ease by using the ADI341's 
ex- 
ternal multiplexer addressing capabilities. 
• 


ANALOG 
INPUT 
(10F16) 


Single-ended or differential operation is selected using the 
SEIDE input. When the MUXPAND 
input is grounded, 
the 
AD1341 can provide either 16 single-ended or 8 differential in- 
puts. The number of inputs may be increased to 32 (single- 
ended) or 16 (differential) by pulling up the MUXPAND 
input 
and using an ADG506A multiplexer. 
Five expansion outputs 


enable and address the external multiplexer 
to give the expanded 
system the full functionality and programmability 
of a stand- 
alone AD1341. The four possible input schemes are shown in 
Figures 15 through 
i&) and the required pin-strapping 
is sum- 
marized in Table I. 
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Figure 15. AD1341 Configured for 16 Single-Ended Input 
Channels 
Figure 16. AD1341 Configured for 8 Differential Input 
Channels 
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Figure 17. AD1341 with Expansion to 32 Single-Ended 
Input Channels 
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16-Channel5 
S-Channels 
32-Channels 
16-Channels 


Single-Ended 
Differential 
Single-Ended 
Differential 


SEIDE 
0 
I 
0 
I 


MUXPAND 
0 
0 
I 
I 


MUXOUTl 
PGA+lN 
PGA+IN 
PGA+IN 
PGA-IN 
MUXOUTO 
PGA+IN 
PGA-IN 
PGA+IN 
PGA-IN 
ASIGGND 
PGA-IN 
PGA-IN 


D tADGS06A) 
PGA+IN 
PGA+lN 


EN (ADGS06A) 
ENXMUX 
ENXMUX 
AO(ADGS06A) 
MUXAO 
MUXAO 


Al (ADGS06A) 
MUXAI 
MUXAI 


AZ (ADGS06A) 
MUXA2 
MUXA2 


A3 tADGS06A) 
MUXA3 
MUXA3 


The AD1341's multiplexer inputs are protected against destruc- 
tive latchup under power-loss and overvoltage conditions. Each 
input uses a 2 kO current-limiting 
resistor and two diodes to 
provide protection to at least 16 V beyond the analog supplies 
(Figure 14). The expanded input configurations in Figures 17 
and 18 maybe similarly protected by adding 2 kO resistors in 
series with each external multiplexer input. Interactions between 
channels may occur under overload conditions. Unused ADI341 
and ADGs06A multiplexer inputs must be grounded. 


Data Format 
Selection 
Six data formats are available, offering a choice between natural 
binary and 2s complement coding with left, center, or right jus- 
tification of the 12-bit result within the 16-bit field. The data 
format is determined 
by connections made to the three inputs 


FMTO, FMTI, 
and FMT2 (Pins 87, 86, and 85). These connec- 
tions should be hardwired. 
Logical Os are assigned to all unused 
places in the natural binary formats. The sign bit is extended as 
required and Os are forced in empty least-significant places in 
the 2s complement formats. Tables II and III describe the data 
formats and their selection. 
• 


FMTl 
FMTl 
FMTO 
Output Format 


0 
0 
0 
Natural Binary, Left Justified 
0 
0 
I 
Natural Binary, Right Justified 
0 
I 
0 
Natural Binary, Center Justified 
0 
I 
I 
Reserved 
I 
0 
0 
2s Complement, 
Left Justified 
I 
0 
I 
2s Complement, 
Right Justified 
I 
I 
0 
2s Complement, 
Center Justified 


I 
I 
I 
Reserved 


015 
014 
013 
012 
011 
010 
09 
08 
07 
06 
05 
04 
D3 
02 
01 
00 


Nat Bin, LJ 
Bll 
BIO 
B9 
B8 
B7 
B6 
Bs 
B4 
B3 
B2 
BI 
BO 
0 
0 
0 
0 
Nat Bin, CJ 
0 
0 
Bll 
BIO 
B9 
B8 
B7 
B6 
Bs 
B4 
B3 
B2 
BI 
BO 
0 
0 
Nat Bin, RJ 
0 
0 
0 
0 
Bll 
BIO 
B9 
B8 
B7 
B6 
Bs 
B4 
B3 
B2 
BI 
BO 
2s Com, 
LJ 
BII 
BIO 
B9 
B8 
B7 
B6 
Bs 
B4 
B3 
B2 
BI 
BO 
0 
0 
0 
0 


2s Com, CJ 
Bll 
BIT 
BIT 
BIO 
B9 
B8 
B7 
B6 
BS 
B4 
B3 
B2 
BI 
BO 
0 
0 


2s Com, 
RJ 
BIT 
BII 
BII 
BII 
BII 
BIO 
B9 
B8 
B7 
B6 
Bs 
B4 
B3 
B2 
BI 
BO 


Table 1/1.AD1341 Data Formats. 015 Is Data Bus MSB; B11 Is ADC MSB 
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Figure 
19. Typical 
Interface 
Circuit 


Control Structure 
The ADI341 is controlled through its digital interface. The de- 
vice is completely disabled following power-up or a reset and 
must be programmed 
before conversions can be initiated. 


Conversion sequences are stored in the Channel Control FIFO, 
from which they are subsequently executed. Each conversion 
instruction contains both a channel address and a channel gain. 
The Channel Control FIFO is 32 words deep. 


Execution of programmed conversion sequences is enabled via 
the Mode Control Register. This register is also used to perform 
a programmed 
reset, to enable or disable interrupts, 
Repeat 
mode, and the timer, and to choose the system timing option. 
Selection from among a wide range of interrupt 
options is gov- 
erned by the contents of the Interrupt 
Mask Register. Register 
contents may be read back for verification. A 32-word FIFO 
provides buffering for conversion results. The AD1341's register 
address space is defined in Table IV. 


A2 Al AO 
Register NamelFunction 
Mnemonic 
Type 


0 
0 
0 
Channel Control FIFO 
CCR 
RIW 
0 
0 
I 
Conversion Result FIFO 
CRR 
R 
0 
I 
0 
Reserved 
0 
I 
I 
Reserved 
I 
0 
0 
Mode Control Register 
MCR 
RIW 
I 
0 
I 
Timer Register 
TMR 
RIW 
I 
I 
0 
Interrupt 
Mask Register 
IMR 
RIW 
I 
I 
I 
Status Register 
STS 
R 


REGISTER 
DESCRIPTIONS 


Channel Control Register (CCR) 
The CCR is a 16-bit read/write register. Up to 32 CCR words 
may be wrinen to the Channel Control queue for subsequent 


Bits GN2 through GNO control the PGIA gain. GNO is the 
LSB. Gains are binary weighted, ranging from I to 128. A gain 
code of 000 corresponds to a gain of I and a gain code of III 
produces a gain of 128. Any channel may be programmed 
for 
any gain. A4 through AO are channel address bits. AO is the 
LSB. The range of available addresses depends upon the input 
configuration, 
which is determined by the wiring of the SEIDE 
and MUXPAND 
inputs. Address ranges are outlined in Table 
V. Address bits invalid for the chosen input configuration must 
be wrinen as Os. Bits outside the gain and address fields are ig- 
nored during writes and set to 0 during reads. 


Valid 
Address 
Input Configuration 
SEIDE 
MUXPAND 
Range 


8-Channel Differential 
I 
0 
0-7 


16-Channel Single-Ended 
0 
0 
0-15 
16-Channel Differential 
I 
I 
0-15 
32-Channel Single-Ended 
0 
I 
0-31 


The CCR should be read only after reading a conversion result 
from the CRR (see below). Reading the CRR causes the related 
CCR data to be stored in a temporary register. The contents of 
this register are presented on the data bus during a subsequent 
CCR read. If the first CCR read is not performed before the 
second CRR read, the gain and channel information associated 
with the first CRR result will be lost. 


Conversion 
Result Register (CRR) 
The CRR is a 16-bit read-only FIFO register. The results of 
conversions are stored in the CRR up to 32 words deep. The 
results can be read out sequentially without reading the CCR in 
between, but the channel and gain information for the previous 
result will be discarded. In the descriptions below Ro-Rll 
rep- 
resent the conversion result and SE represents sign-extension 
bits. These will be the same as RII for 2s complement numbers 
and are 0 for natural (unsigned) binary numbers. 


Overrange and underrange 
results in natural binary format are 
coded as twelve Is and twelve Os, respectively, and are posi- 
tioned within the 12-bit field as determined 
by the selected 


These results will also be properly justified and sign-extended. 


Mode Control Register (MCR) 
The MCR is a 16-bit read/write register. It contains six active 
bits. The reset (default) state for all bits is O. 


MCR Description 


INT enables or disables the interrupt 
mask register (IMR). In- 
terrupt generation under IMR control is enabled when INT is 
set to I. New interrupts are disabled when INT is set to 0, but 
any interrupts 
pending when INT was set to 0 are not affected. 


RST provides a programmed AD1341 reset. Writing a I to RST 
causes all registers and FIFOs to be reset to their default states. 
RST remains set until the reset sequence is complete, at which 
time it is cleared. A reset sequence requires one complete clock 
cycle and may take up to 667 ns (assuming a 3 MHz clock) de- 
pending upon the timing of the MCR write relative to the sys- 
tem clock. 


CVN enables or disables conversions under host control. Setting 
CVN begins the execution of the conversion sequence stored in 
the CCR. Clearing CVN prevents the initiation of further con- 
versions; any in-process conversion(s) will be completed and the 
conversion results written to the CRR. An in-process conversion 
is one for which the gain and channel instruction has been 
clocked out of the CCR. CVN may be set again anytime after it 
has been cleared; any conversions still in the CCR will resume 
in an orderly fashion. 


REP enables the Repeat mode when set to I. This bit may be 
set at any time. Setting REP disables any further writing to the 
CCR. Once REP has been set, the data written into the CCR 
queue since the last read will be repeated in a circular fashion. 
If Repeat mode is enabled after conversions have begun only the 
unexecuted conversions in the CCR queue will be repeated. Re- 
peat mode functions with any number of instructions 
in the 
CCR queue. Clearing REP clears the CCR queue and the con- 
troller in preparation for receiving new data and starting new 
conversions. 


TIM is used to disable or enable the 16-bit internal timer. The 
timer is disabled when TIM is set to 0, and enabled when TIM 
is set to 1. When enabled the counter counts down from the 
count stored in the TMR and generates an interrupt 
(if the 
timer interrupt 
is enabled). The preset count is then reloaded 
from the TMR and another countdown cycle begins on the next 
clock edge. Clearing TIM will halt the timer and clear its count. 
The contents of the TMR are not affected by clearing TIM. If 
the timer is enabled after having been disabled, it will begin its 
countdown from the previously programmed count. A Terminal 
Count signal is available on Pin 22. 


ACC permits selection between standard and accelerated system 
timing (see Conversion Timing). Standard timing is selected when 
ACC is set to 0, and accelerated (optimized) timing is selected 
when ACC is set to I. 
Timer Register (TMR) 
The TMR is a read/write register used to load and query the 
general purpose timer. Writing to the TMR will program a time 


The basic delay unit is one clock period, or 333.3 ns with a 
3.00 MHz clock, and the maximum delay is 65535 basic delay 
units. Tl5 is the MSB. The reset (default) state for the TMR is 
O. There may be an uncertainty of 1 clock period on the fltst 
countdown interval after the timer is enabled. All subsequent 
timer intervals will be identical and equal to the programmed 
delay provided timer operation is not interrupted. 


TMR Description 


Reading the TMR will give the current programmed 
value. 


Reads are supported only when the timer is disabled. It is not 
possible to read the timer status during timer operation. 


Interrupt 
Mask Register (IMR) 
The IMR is a 16-bit read/write register. Setting bits in the IMR 
determines the conditions used to generate an interrupt 
to the 
host processor. The desired interrupt 
condition(s) is set by writ- 
ing a 1 to the appropriate bit(s); all other IMR bits must be 
written as Os. The reset (default) state for the IMR is all bits O. 


IMR Description 


Set IMR bits have the following effects: 


CVD will cause an interrupt 
to be asserted every time a con- 
version result is shifted into the CRR. 


CVP will cause an interrupt 
to be asserted when the conver- 
sion result obtained by executing the last command in the 
CCR is shifted into the CRR. The condition for a CVP inter- 
rupt is sensed at the scheduled start of the "last" conversion 
(see Conversion Timing). Writing another command to the 
CCR prior to the scheduled start of the "last" conversion will 
block the CVP interrupt. 


TME will cause an interrupt 
to be asserted when the timer 
count reaches zero. 


ORG will cause an interrupt 
to be asserted whenever over- 
range data are shifted into the CRR. 


CCF will cause an interrupt 
to be asserted when the CCR 
queue is full. The CCR depth is 32 words. 


CCH will cause an interrupt 
to be asserted when the CCR 
queue is at least half full (contains at least 16 words). 


CCE will cause an interrupt 
to be asserted when the last 
channel/gain command is shifted out of the CCR and the 
conversion programmed 
therein begins. It is this conversion 
which leads to a CVP interrupt 
if no further commands are 
written to the CCR. 


CRF will cause an interrupt 
to be asserted when the CRR is 
full. The CRR depth is 32 words. 


CRH will cause an interrupt 
to be asserted when the CRR is 
at least half full. 


CRE will cause an interrupt 
to be asserted when the CRR is 
empry. 


• 


Status Register (STS) 
The Status Register is a 16-bit read only register which provides 
a continuous summary of the AD1341's internal state. The de- 
fault condition for all STS bits is transparent. 
When an inter- 
rupt condition is enabled, the STS will latch the corresponding 
bit upon the assertion of the enabled interrupt; 
all other bits 
remain transparent. 
The interrupt will remain asserted until the 
processor reads the STS 
contents; any latched STS 
bits will be reset 


to tTansparent rrwde once the read operation is completed. Any pend- 
ing interrupt 
conditions will continue the interrupt 
request once 


the STS register is read. The EVT bit is set whenever any of 
the unmasked interrupt 
conditions has generated an interrupt 
request. 


STS Description 


STS bits correspond to IMR bits with the exception of EVT. 
STS bits have the following meanings: 


EVT is set whenever an enabled interrupt 
event has oc- 
curred. This bit cannot be cleared directly by the user and 
remains set until the interrupt 
has been serviced. 


CVD is set whenever a conversion is completed. 


CVP is set whenever the conversion pipeline (CCR queue) is 
empty. 


TME is set when the timer expires. 


ORG is set when overrange or underrange data are shifted 
into the CCR. 


CCF is set when the CCR queue has been filled. 


CCH is set when the CCR queue is at least half full. 


CCE is set when the CCR queue has been emptied. 


CRF is set when the CRR FIFO is full. 


CRH is set when the CRR FIFO is at least half full. 


CRE is set when the CRR FIFO is empty. 


Some of the remaining STS bit positions are used for diagnostic 
purposes. These bits (Bll, 
B9, B5, B4, and B3) should be 
masked during normal operation. 


FIFO Boundary Conditions 
Overflow conditions occur whenever more than 32 words are 
written to either the CCR or the CRR. In both cases, data be- 
yond the 32nd word are lost. The first 32 data words are not 
affected. 


An underflow condition occurs when more than 32 words are 
read out of the CRR. The last valid word remains in the CRR 
and will be placed on the bus repeatedly in response to addi- 
tional read commands. The CCR queue cannot underflow. Con- 
versions cease after the last command in the CCR has been read 
and executed when Repeat mode is disabled. 


Conversion 
Timing 
The AD 1341 normally overlaps some of its signal processing 
functions to maximize throughput. 
Such pipelining provides 
maximum throughput 
when multiple conversion instructions are 
buffered in the CCR and executed sequentially using the inter- 
nal controller. Externally triggered conversions are also possible, 
either with or without pipelining. Finally, the internal timer 
may be used in conjunction with external triggering to further 
customize the sampling rate. 


Pipelined 
Conversions 
Normal pipelined operation is enabled by grounding the 
ASYNCEN input (Pin 20) and tying the SCLK input to VDO. 
In this mode the AD 1341's timing is governed by its internal 
controller. Channel and gain instructions for conversion N + I 
are read from the CCR and executed at the start of AID conver- 
sion N. This permits the PGIA's settling to occur during the 
AID conversion. The AD1341's throughput 
depends on the 
number of channels and the gain mix because of the variation in 
PGIA settling time with gain. The internal sequencer always 
provides the proper settling time for the active channel regard- 
less of the number of channels used or the gains selected. 


There are two sequencer modes, Standard and Accelerated, se- 
lected using the ACC bit (Bit 5) in the MCR. Standard timing 
mode increases both the SHA acquisition time and the PGIA 
settling time for higher gains. Accelerated mode maintains con- 
stant SHA acquisition time independent 
of gain and provides 
maximum system throughput. 
Table VI details throughput 
per- 


formance for the two timing modes. The listed throughputs 
as- 
sume all channels operate at the same gain. 


Standard 
Mode 
Accelerated 
Mode 


Clocks per 
Throughput, 
Clocks per 
Throughput, 
Pipelined 
Pipelined 
Pipelined 
Pipelined 
Gain 
Conversion 
(kHz) 
Conversion 
(kHz) 


1-8 
20 
150.00 
20 
150.00 
16 
40 
75.00 
30 
100.00 
32 
80 
37.50 
52 
57.69 
64 
160 
18.75 
102 
29.41 
128 
320 
9.38 
202 
14.85 


When Repeat mode is enabled, the instructions in the CCR are 
read and executed indefinitely in a circular fashion. The per- 
channel sampling rate in Repeat mode for arbitrary numbers of 
channels and various gains can be determined 
with a simple cal- 


culation. This calculation uses the "Clocks per Pipelined Con- 
version" data from Table VI and the programmed 
channel and 
gain mix. Each channel is sampled at the calculated rate, while 
the exact sample time will be determined by the specific channel 
and gain order. The example below an assumes input expansion 
as shown in Figure 17. 


II channels at gains between 
I and 8 
8 channels at gain of 16 
5 channels at gain of 32 
2 channels at gain of 64 
4 channels at gain of 128 
30 channels 


11 x 20 
= 220 clock periods 
8 x 30 
= 240 clock periods 
5 x 52 
= 260 clock periods 
2 x 102 = 204 clock periods 
4 x 202 = 808 clock periods 
1732 clock periods 
I 
System sample rate = 1732 x 333.33 ns = 1.73210 kHz 


Calculation of System Sample Rate (Accelerated Timing 
Mode, 3 MHz Clock) 


It is also possible to measure the system sample rate by counting 
the number of clock periods between successive rising edges of 
the CC output. CC goes high at the start of the last conversion 
in a sequence and remains high until that conversion is com- 
pleted. CC does not toggle when a single conversion is repeated. 
The duty cycle of CC depends on the number of channels in a 
sequence and their gains. Transitions of CC occur on rising 
clock edges. 


Externally 
Triggered Conversions 
Conversions may be triggered directly by the host system when 
ASYNCEN is tied to VDO' Externally 
triggered conversions may 


only be used with Repeat mode enabled. Channel and gain infor- 
mation must first be written to the CCR. After all CCR writes 
are completed, REP (MCR Bit 9) should be set by the host pro- 
cessor. This clocks out the first CCR instruction, 
setting the 
multiplexer address and PGIA gain. A subsequent rising edge 
on the SCLK input places the SHA into Hold mode and trig- 
gers the AiD conversion, which is clocked to its completion us- 
ing the 3 MHz clock. The first rising clock edge following the 
rising edge of SCLK also clocks the next channel/gain word 
from the CCR, permitting the pipelining of externally triggered 
conversions. The typical setup time for SCLK high relative to 
the rising edge of the clock is 10 ns. 


The ADI341's 
acquisition timing controller is inoperative when 
ASYNCEN is tied high, so the host system must provide suffi- 
cient time to acquire each input before pulsing the SCLK line. 
Failure to do so will produce an incorrect conversion result. The 
minimum time required for a given gain may be found using the 
"Clocks per Pipelined Conversion" columns of Table VI. Exter- 
nally triggered conversions have an inherent timing uncertainty 
of I clock period (333.3 ns with a 3 MHz clock) when SCLK is 
not synchronized with the external clock. 


SCLK functions much like the Start-Convert input of a standard 
ADC. Unlike a conventional ADC, however, the AD1341 lacks 
a BUSY or STATUS output. The IMR may be programmed to 
cause an interrupt 
at the completion of each conversion, which 
will make the IRQ output functionally similar to a traditional 
BUSY or STATUS output. All AD1341 interrupt 
conditions 


function normally with externally-triggered 
conversions. 


Timer-Controlled 
Conversions 
The ADI341's 
programmable 
timer may be used to control ex- 


ternally triggered conversions, making possible extremely low 
sample rates with minimal host overhead. Timer-controlled 
con- 


versions may only be used with Repeat mode enabled. TC (Pin 22) 
should be connected to SCLK (Pin 21), and the timer must 
be programmed 
to generate a delay at least equal to the largest 
required number of "Clocks per Pipelined Conversion" from 
Table VI. 


MCR Bits 7 and 9 should be set after the CCR and TMR have 
been programmed. 
This will clock out the first CCR instruction 
and start the timer. The first input channel is sampled and the 
AiD conversion begins with first rising edge of the TC output, 
which indicates the end of the timer interval. This edge also 
clocks the next instruction from the CCR, reloads the timer de- 
lay stored in the TMR, and restarts the timer. A conversion is 
performed every time the timer expires until the AD 1341 is re- 
programmed or reset. 


Single Conversiolls 
Repeat must be disabled to perform a single conversion. The 
desired channel and gain must first be written to the CCR. 
Setting CVN (MCR Bit II) will begin the conversion under in- 
ternal timing control when ASYNCEN is low. The times re- 
quired to perform the acquisition and conversion of a single 
sample are listed in Table VII; these times are measured from 
the first rising clock edge after CVN has been set. The typical 
setup time for CVN (trailing edge of WR to rising edge of 
CLK) is 10 ns. 


Because acquisition and conversion begin on a clock edge rather 
than precisely when CVN is set, there may be an uncertainty 
in 
the instant at which the input is sampled. The variation will be 
up to one clock period in systems in which bus operation is not 
synchronous with the AD1341's 3 MHz clock, and one clock 
period (333 ns) should be added to the contents of Table VII to 
account for this. These variations can be eliminated when the 
host system's bus is synchronized with the 3 MHz clock pro- 
vided CVN's setup time is met. 


Standard 
Mode 
Accelerated 
Mode 
Conversion 
Conversion 
Gain 
Time, 
fLS 
Time, 
fLS 
1-8 
11.00 
11.00 
16 
17.67 
15.00 
32 
31.00 
23.33 
64 
57.67 
40.00 
128 
111.00 
73.33 


Table VII. AD1341 Conversion 
Times (3 MHz Clock, 


ASYNCEN Low) 


With ASYNCEN high, single conversions may be triggered ex- 
ternally. The channel and gain instruction is clocked from the 
CCR when REP is set, and signal acquisition begins at that 
time. The rising edge of SCLK places the SHA into Hold 
mode, and the AID conversion begins on the first rising clock 
edge following the SCLK transition. 
Table VIII lists the mini- 
mum permissible acquisition times between setting CVN and 
the rising edge of SCLK, along with the time required for the 
actual AiD conversion. The total conversion time is the sum of 
Table VIII's acquisition time and AiD time. 
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Standard 
Mode 
Accelerated 
Mode 


Acquisition 
AJD 
Acquisition 
AJD 
Gain 
Time, 
fLS 
Time, 
fLS 
Time, 
fLS 
Time, 
fLS 
1-8 
6.67 
4.33 
6.67 
4.33 
16 
13.33 
4.33 
10.67 
4.33 
32 
26.67 
4.33 
19.00 
4.33 
64 
53.33 
4.33 
35.67 
4.33 
128 
106.67 
4.33 
69.00 
4.33 


Table VlII. AD1341 Timing and Throughput 
(3 MHz Clock) 


There is an uncertainty of one clock period in both the acquisi- 
tion and AID times listed in Table VIII when system operation 
is asynchronous. 
The first of these uncertainties 
arises from the 
variable relationship between the trailing edge of WR with re- 
spect to the rising edge of CLK, while the second results from 
the timing uncertainty between the rising edges of CLK and 
SCLK. 


APPLICATIONS 
Analog Interface 
Each of the AD134I's 
16 multiplexer inputs is protected against 
overvoltage and power-loss conditions by a series resistor and 
two diodes (Figure 14). Each input's time constant is typically 
50 ns when the AD1341 is strapped for differential inputs and 
100 ns in the single-ended configuration. 
The settling delays 
caused by these time constants have been accounted for in the 
AD134I's internal timing generator. Additional external series 
resistance 
will increase 
these 
time constants 
and could 
prevent 
the inputs from settling within the time allotted. For this reason 
the AD1341's inputs are best driven by low-impedance sources 
such as op amp outputs. 


The AD1341's multiplexer outputs and PGIA inputs are 
brought out of the package to permit easy system expansion. 
Excessive capacitance at these pins should be avoided as it will 
also interfere with settling. All connections should be kept as 
short and direct as possible to minimize capacitance and noise 
coupling. (The AD1341's timing generator allows sufficient in- 
put settling time with the capacitance added by the expansion 
multiplexer as shown in Figures 17 and 18.) 


A small amount of charge is dumped through each input when- 
ever it is selected or deselected. The magnitude of this charge is 
typically 4 pC. Each signal source should have. a low output im- 
pedance at high frequencies in order to absorb this transient. 
Micropower op amps may have difficulty with this type of tran- 
sient because of their generally higher output impedances and 
lower gain-bandwidth 
products. The AD711, AD712, and 
AD713 are good choices for driving the AD1341's inputs. 


Each multiplexer input requires a return path for off-state leak- 
age currents. 
The driving source normally supplies this path. 
Unused inputs must not be left floating and should be con- 
nected to the analog ground plane. 


Power Supplies and Grounds 
Proper grounding and power supply bypassing techniques are 
necessary to obtain the AD1341's specified performance. 
The 
AD1341 has separate connections for analog signal ground, ana- 
log power ground, and digital ground. All Analog Signal and 
Power Ground pins must be connected to a common ground 
plane beneath the AD1341. This will provide the low impedance 
path required to minimize coupling between dynamic supply 
currents and low level signals being processed by the AD 1341. 


The AD1341's metal lid is internally connected to Analog Power 
Ground to provide maximum shielding against electrical interfer- 
ence. The lid faces the circuit board when the ADI341 is sol- 
dered in place. The board surface directly beneath the ADI341 
should not contain signal or power traces to eliminate the possi- 
bility of short circuits. Using this area as a ground plane will 
result in the lowest possible ground impedance and will preserve 
signal fidelity. 


The Digital Ground pins should also be connected to this 
ground plane if at all possible. This will provide the greatest 
immunity to digital switching noise. If this causes ground loops 
or other system-level problems then a separate ground plane or 
other low impedance n;turn path must be provided. In this case 
the analog and digital grounds should be connected together at 
the ADI341 using back-to-back Schottky diodes and a good 
high frequency bypass capacitor. Ceramic capacitors in the range 
0.01--0.1 fJoFare recommended. 
These components will prevent 
destructive dc potential differences between grounds and will 
also provide a low impedance path for transient currents. 


Each power supply should be capacitively bypassed to the 
ground plane(s) with the capacitors located as closely as possible 
to the device in order to provide a low source impedance for 
dynamic signal and supply currents. Both ceramic and solid tan- 
talum capacitors should be used for each supply. Appropriate 
values are 0.01--0.1 fJoFfor ceramic capacitors and 1-10 fJoFfor 
tantalum capacitors. Aluminum electrolytic capacitors have 
much higher equivalent series resistance than comparable-value 
tantalum devices and are not recommended. 


Digital Interface 
The AD1341's fast parallel bus simplifies the system designer's 
task by permitting 
zero-wait-state operation in most applica- 
tions. In many cases the interface between the AD1341 and a 


microprocessor requires nothing more than an address decoding 
function. Figures 20 through 23 illustrate the AD1341's inter- 
face with several popular single-chip digital signal processors. 


The AD1341's digital interface provides TTL- and CMOS- 
Eompatible levels with 10K ECL speed, exhibiting typical edge 
rates of 1.4 ns with IS pF loading. Proper layout and impedance 
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matching techniques are essential to prevent problems caused by 
crosstalk, reflections, and ground bounce. 


Crosstalk 
The fast edge rates and large voltage swings in CMOS systems 
will cause capacitive and inductive coupling (crosstalk) between 
adjacent PCB circuit traces. This will compromise signal integ- 
rity and reduce noise margins. The effect is most severe on 
"clocked" control lines (RD, WR, and CS) which are close to 
data lines. The coupled noise may be large enough to initiate 
spurious I/O operations. 


Crosstalk can be reduced by eliminating long parallel PCB cir- 
cuit traces and by routing data lines away from clocked control 
lines. Grounded circuit traces may also be used to provide 
shielding between data and control lines, but this is less effective 
than physical separation. 


Reflections 
The gross impedance mismatches between high impedance 
CMOS inputs, low impedance CMOS outputs, and typical PCB 
circuit trace impedances can lead to voltage reflections and ring- 
ing. Reflections from impedance discontinuities 
become impor- 
tant whenever the line's round-trip 
delay exceeds the driving 


signal's rise or fall time. The critical line length, beyond which 
reflections begin to playa 
role, is only 13 cm for the AD1341, 
assuming an edge rate of 1.4 Vlns and a line delay of 0.055 ns/cm. 
The critical line length can be increased by running the signal 
lines over a ground plane because the added capacitance will 
reduce the edge rate (at the expense of increasing ground 
bounce). 


A much beller solution is to provide proper terminations for all 
signal lines. The AD1341's CMOS outputs do not have suffi- 
cient current drive capability to permit terminating PCB lines in 
their characteristic impedance. Series damping is a satisfactory 
alternative 
means 
to reduce 
reflections 
and ringing. 
A small re- 


sistor (typically 10 0 to 75 0) is placed in series with the signal 


line as close to the signal source as possible. The goal is to 
match the driver's output resistance plus the series resistance to 
the line impedance. This will absorb any wave reflected back 
towards the source. 


The primary disadvantage of series termination 
is that the line 
impedance and terminating 
resistor form a voltage divider net- 


work and the voltage along the line may lie between valid logic 
levels during the line's two-way propagation delay time. This 
means that while any number of device inputs may be connected 
at the end of the line, device inputs which require valid logic 
levels during the propagation delay time cannot be distributed 
along the line. 


The Application Note "Systems Design Considerations 
When 
Using Cypress CMOS Circuits," 
published by Cypress Semicon- 
ductor Corporation, 
provides in-depth analysis and discussion of 
various line-matching techniques. 


Ground Bounce 
Large transient currents will flow into digital ground whenever 
one or more of the AD1341's data bus outputs switches from 
high to low (or from high impedance to low when the previous 
bus data were high). These currents result from the discharge of 
parasitic capacitances associated with the data bus. Inductance 
in the ground return path creates a resonant L-C circuit with 
the parasitic capacitances, resulting in ringing in "ground" 
at 
the device relative to "ground" 
at the supply or elsewhere in the 


system. The amplitude and duration of this ringing, or "ground 
bounce" depends on the amount of parasitic reactance. Both the 
amplitude and duration of the ringing increase as the inductance 
or capacitance increase. 


The effect of ground bounce is to degrade the logic-low noise 
margin. This can result in system data errors. In particularly 
severe cases it can initiate spurious I/O operations in the 
AD1341 and cause the loss of data. The best defenses against 
ground bounce are to minimize the capacitive loading of the 
data bus and to use a ground plane to provide a low impedance 
return path for the inevitable transient currents. 
When large bus 


capacitance is unavoidable, it may prove beneficial to use 
BiCMOS bus transceivers between the AD1341 and the system 
data bus. This will increase both read and write cycle times, but 
the controlled edge speeds will reduce the peak currents, 
de- 


creasing the possibility of erroneous data or I/O operations. The 
transceivers should be located close to the AD1341 to minimize 
the capacitance seen by the AD1341's data outputs. 
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FEATURES 
Pin and Functional Replacement for AD362: 
Lower Power Dissipation 
Lower Noise 
Internal Hold Capacitor 
16 Single-Ended or S Differential Channels with 
Switchable Mode Control 
True 12·Bit Precision: Nonlinearity :50.005% 
High Speed: 10l1sAcquisition Time to 0.01% 
Complete and Calibrated: No Additional Parts 
Required 
Versatile: Simple Interface to Popular Analog-to·Digital 
Converters 
High Differential Input Impedance (10'°0) 
and 
Common Mode Rejection (SOdB) 
Fully Protected Multiplexer Inputs 


PRODUCT 
DESCRIPTION 
The AD1362 is a complete, precisionl6-channel 
data acquisition 
system. The device contains two 8-channel multiplexers, 
a dIf- 
ferential amplifier, a sample-and-hold 
with high-speed output 
amplifier, a channel address latch and control logic. The multi- 
plexers may be connected to the differential amplifier in either 
an 8-channel differential or 16-channel single-ended configura- 
tion. A unique feature of the AD 1362 is an internal user- 
controllable analog switch that connects the multiplexers in 
either a single-ended or differential mode. This allows a single 
device to perform in either mode without hard-wire program- 
ming and permits a mixture of single-ended and differential 
sources to be interfaced by dynamically switching the input 
mode control. 


The sample-and-hold 
mode control is designed to connect 
directly to the "Status" 
output of an analog-to-digital converter 
so that a convert command to the ADC will automatically put 
the sample-and-hold 
into the "Hold" 
mode. An internal preci- 
sion hold capacitor is included with each AD1362. The ADI362 
output amplifier is capable of driving the unbuffered analog 
input of most high speed, 12-bit successive-approximation 
ADCs. The interface is thereby reduced to two simple connec- 
tions with no additional components required. 


The AD 1362KD is specified for operation over a 0 to +70°C 
temperature 
range while the ADI362SD 
operates to specification 
from -55°C to + 125°C. Processing to MIL-STD-883, 
Class B 
is available for the AD1362SD. Both grades are packaged in a 
hermetic 32-pin ceramic dual-in-line package. 


16-Channel, 12-Bit 
Data Acquisition System 


AD1362 
I 


PRODUCT HIGHLIGHTS 
I. The AD 1362, when used with a precision analog to digital 
converter, forms a complete, accurate, high-speed data 
acquisition system. 


2. The 16-input channels may be configured in single-ended, 


differential or a mixture of both modes. Mode switching is 
provided by a user controllable internal analog switch. 


3. Multiplexers, 
differential amplifier, sample-and-hold 
and 
high-speed output buffer provide complete analog interfacing 
capabilities. 


4. Internal channel address latches are provided to facilitate 


interfacing the ADI362 to data, address or control buses. 


5. The AD 1362 is specified over the entire military temperature 
range, - 55°C to + 125°C. Processing to MIL-STD-883, 
Class 
B is available. 
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AD1362 -SPECIFICATIONS 
(typical @ +25°&, ±15 V and +5 V unless otherwise noted) 


AD1362KD 
AD1362SD 
Parameter 
Test Condition 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


ANALOG INPUTS 
Input Voltage Range 
Tmin to Tmax 
-10 
+10 
* 
* 
V 


Input Bias Current 
Per Channel 
±50 
* 
nA 
Input Impedancp 
On Channel 
10 
* 
GO 
100 
* 
pF 
Off Channel 
10 
* 
GO 
10 
* 
pF 
Input Fault Current 
Power Off or On 
20 
* 
mA 
Common Mode Rejection 
Diff Mode, 1kHz, 20V POp 
70 
80 
* 
* 
dB 
Mux Crosstalk, Any Off Ch 
to Any On Ch 
1kHz, 20V Pop 
-80 
-90 
* 
* 
dB 


Ch to Ch Offset 
±2.5 
* 
mV 


ACCURACY 


Gain Error 
Tmin to Tmax 
±0.02 
* 
% FSR 
Offset Error 
Tmill to Tmax 
±4 
* 
mV 


Linearity Error 
«125°C 
±0.005 
* 
% 


Tmin to T max 
±0.01 
* 
% 


Noise Error 
25°C, 0.1 to lMHz 
0.5 
* 
mVp-p 
T m;n to T max' 
0.1 to IMHz 
1.0 
* 
mVp-p 


TEMPERATURE 
COEFFICIENTS 
Gain 
Tmin to Tmax 
±4 
±2 
ppmt'C 


Offset 
± IOV Range, T m;n to T max 
±2 
±1.S 
ppmt'C 


SAMPLE AND HOLD DYNAMICS 
Aperture Delay 
150 
200 
* 
* 
ns 


Aperture Uncenainty 
100 
500 
* 
* 
ps 


Acquisition Time 
20V Step to ±0.01% 
10 
18 
* 
* 
!lS 


Feedthrough 
1kHz 
-80 
-70 
* 
* 
dB 
Droop Rate 
1 
2 
* 
* 
mV/ms 


Pedestal Voltage 
- 
-15 
11 
+15 
* 
* 
* 
mV 


POWER SUPPLY REQUIREMENTS 
+ V, Analog Voltage 
+14.25 
+15.75 
* 
* 
V 


-V, 
Analog Voltage 
-14.25 
-14.75 
* 
* 
V 
+V, Digital Voltage 
+4.75 
+5.25 
* 
* 
V 
+ V, Analog Current 
30 
* 
mA 
-V, 
Analog Current 
30 
* 
mA 
+ V, Digital Current 
40 
* 
mA 
Total Power Dissipation 
0.5 
1.1 
* 
W 


TEMPERATURE 
RANGE 
Specification 
0 
+70 
-55 
+125 
°C 


Storage 
-55 
+85 
-55 
+150 
°C 


Signal 


Input Channel Select 
Channel Select Latch 
Single Ended/Diff Mode Select 
Sample-and-Hold Command 


TILl 
Loads 
Logic High 
I 
Logic Low 


(4-Bit Binary Address) 


Transparent 
Latched 
Differential 
Single Ended 
Hold 
Sample 


28-31 
32 


1 
13 


NOTE 
lOne TTL Load is defined as IlL=-1.6mA 
max @ VIL=O.4V, IIH=40..,A max @VIH=2.4V. 
One LSTTL Load is defmed as IlL=-0.36mA@ 
VIL=O.4V, 


IIH=20..,A max @ VIH=2.7V. 
*SpecificatiODSsame as AD1362KD. 


ABSOLUTE 
MAXIMUM 
RATINGS 
+V, Digital Supply 
+5.5V 
+ V, Analog Supply 
+ 17V 
- V, Analog Supply 
-17V 


V1N, Signal 
::+:VAnalog Supply 


V1N, Digital 
0 to +V, Digital Supply 
AGND to DGND 
::+:IV 


Temperature 
Max Gain 
Package 
Model 
Range 
TC 
Option* 


AD1362KD 
o to +70°C 
::+:4ppmJOC DH-32E 
AD1362SD 
- 55°C to + 125°C 
::+:2ppmJOC DH-32E 
AD 1362SD/883B 
- 55°C to + 125°C 
::+:2ppmJOC DH-32E 


SinglelDiff Control 
DGND 
+5V 
Ch 7 
Ch 6 
Ch 5 
Ch 4 
Ch 3 
Ch 2 
Ch I 
Ch 0 
NC 
SHA Cmd 
Offset Adjust 
Offset Adjust 
Analog Output 
AGND 
Ch IS 
Ch 14 
-15V 
+15V 
Ch 13 
Ch 12 
Ch II 
Ch 10 
Ch 9 
Ch 8 
AE 
AO 
Al 
A2 
Latch Select 


Description 


Mode Select, Differential or Single Ended 
Digital Ground 
Digital Power Supply, +5V dc 
"High" 
Analog Input Channel 7 
"High" 
Analog Input Channel 6 


"High" 
Analog Input ChannelS. 


"High" 
Analog Input Channel 4 
"High" 
Analog Input Channel 3 


"High" 
Analog Input Channel 2 


"High" 
Analog Input Channel I 
"High" 
Analog Input Channel 0 
No Connect 
Sample/Hold Control Input to SHA 
Offset Adjustment Input #1 
Offset Adjustment Input #2 
Analog Output to ADC 
Analog Ground 
"High" 
("Low") 
Analog Input Channel 15 (7) 


"High" 
("Low") 
Analog Input Channel 14 (6) 


Negative Analog Power Supply -15V dc 
Positive Analog Power Supply + 15V dc 
"High" 
("Low") Analog Input Channel 15 (5) 


"High" 
("Low") 
Analog Input Channel 14 (4) 


"High" 
("Low") 
Analog Input Channel 13 (3) 


"High" 
("Low") Analog Input Channel 12 (2) 


"High" 
("Low") Analog Input Channel II (I) 


"High" 
("Low") Analog Input Channel 10 (0) 


Input Channel Address MSB 
Input Channel Address Bit 0 
Input Channel Address Bit I 
Input Channel Address Bit 2 
Channel Select Latch Control Input 
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- 
- 
- 
channel address latches and control logic as shown in the block 
diagram. The multiplexers can be connected to the differential 
amplifier in either an 8-channel differential or 16-channel single- 
ended configuration. 
A unique feature of the AD1362 is an 
internal analog switch controlled by a digital input that performs 
switching between single-ended and differential modes. This 
feature allows a single AD 1362 to perform in either mode with- 
out external hard-wire interconnections. 
Of more significance is 
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Multiplexer channel address inputs are interfaced through a 
level-triggered ("transparent") 
input register. With a Logic "1" 


at the Latch Select input, the address signals feed through the 
register to directly select the appropriate input channel. This 
address information can be held in the register by placing a 
Logic "0" on the Latch Select input. Internal logic monitors the 
status of the Single-Ended/Differential 
Mode input and 
addresses the multiplexers accordingly. 


A differential amplifier buffers the multiplexer outputs while 
providing high input impedance in both differential and single- 
ended modes. 


The sample-and-hold 
is a high speed device that can also func- 
tion as a gated operational amplifier. Its uncommitted 
differen- 
tial inputs allow it to serve a second role as the output subtrac- 
tor in the differential amplifier. A Logic" I" on the Sample- 
and-Hold Command input will cause the sample-and-hold 
to 
"freeze" the analog signal while the ADC performs the conver- 
sion. Normally the Sample-and-Hold 
Command is connected to 
the ADC Status output which is at Logic "1" during conversion 
and Logic "0" between conversions. For slowly changing 
inputs, throughput 
speed may be increased by grounding the 
Sample-and-Hold 
Command input instead of connecting it to 
the ADC status. 


The output buffer is a high speed amplifier whose output 
impedance remains low and constant at high frequencies. There- 
fore, the ADI362 may drive a fast, unbuffered, 
precision ADC 
without loss of accuracy. 


THEORY OF OPERATION 
Concept 
The AD 1362 is intended to be used in conjunction with a high 
speed, precision analog-to-digital converter to form a complete 
data acquisition system (DAS). Figure I shows a general 
AD1362 with ADC DAS application. 


By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design is 
optimized for its specific function. Production yields are 
increased thus decreasing costs. Furthermore, 
the standard con- 
figuration packages plug into standard sockets and are easier to 
handle than larger packages with higher pin counts. 
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System Timing 
Figure 2 is a timing diagram for the AD 1362 connected as 
shown in Figure I and operating at maximum conversion rate. 
The ADC is assumed to be a conventional 12-bit type such as 
the AD573 or AD ADC80. 
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The normal sequence of events is as follows: 


I. The appropriate Channel Select Address is latched into the 
address register. Time is allowed for the multiplexers to 
settle. 


2. A Convert Start command is issued to the ADc' which, in 
response, indicates that it is "busy" by placing a Logic "I" 
on its Status Line. 


3. The ADC Status controls the sample-and-hold. 
When the 
ADC is "busy," 
the sample-and-hold 
is in the Hold mode. 


4. The ADC goes into its conversion routine. Since the sample- 
and-hold is holding the proper analog value, the address may 
be updated during conversion. Thus multiplexer settling time 
can coincide with conversion and need not affect throughput 
rate. 


5. The ADC indicates completion of its conversion by returning 
Status to Logic "0." The sample-and-hold 
returns to the 
Sample mode. 


6. If the input signal has changed full scale (different channels 
may have widely-varying data), the sample-and-hold will typ- 
ically require 10 microseconds to "acquire" 
the next input to 
sufficient accuracy for 12-bit conversion. 


After allowing a suitable interval for the sample-and-hold to sta- 
bilize at its new value, another Convert Start command may be 
issued to the ADC. 


NOTE 
Valid Output Data 
Not all ADCs have all data bits available when Status indicates 
that the conversion is complete. Some successive approximation 
ADCs must have a Status delay built in or the final data bit will 
lag Status. This will result in two problems: 


1. The sample-and-hold will return to Sample, disturbing the 
analog input to the ADC as it is attempting to convert the 
least significant bit. This may result in an error. 


2. If the falling edge of Status is being used to load the data 
into a register, the least significant bit will not be valid when 
loaded. 


An external delay or use of an ADC with a valid Status output 
is necessary to prevent this problem. 


Singie-EndedIDifferential 
Mode Control 
The AD 1362 features an internal analog switch that configures 
the Analog Input Section in either a 16-channel single-ended or 
8-channel differential mode. This switch is controlled by a TTL 
logic input applied to Pin I: 


"0": 
Single-Ended (16 channels) 


"I": 
Differential (8 channels) 


When in the differential mode, a differential source may be 
applied between corresponding 
"High" 
and "Low" analog input 
channels. 


It is possible to mix SE and DIFF inputs by using the mode 
control to command the appropriate mode. In this case, four 
microseconds must be allowed for the output to settle to within 
±0.01 % of its final value, but if the mode is switched concur- 
rent with changing the channel address, no significant additional 
delay is introduced. 
The effect of this delay may be eliminated 
by changing modes while a conversion is in progress (with the 
sample-and-hold in the "Hold" 
mode). When SE and DIFF 
signals are being processed concurrently, 
the DIFF signals must 
be applied between corresponding 
"High" 
and "Low" analog 
input channels. Another application of this feature is the capa- 
bility of measuring 16 sources individually and/or measuring 
differences between pairs of those sources. 
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Input Channel Addressing 
Table I is the truth table for input channel addressing in both 
the single-ended and differential modes. The 16 single-ended 
channels may be addressed by applying the corresponding digi- 
tal number to the four Channel Select address bits, AE, AO, A I, 
A2 (Pins 28-31). In the differential mode, the eight channels are 
addressed by applying the appropriate digital code to AO, AI, 
and A2; AE must be enabled with a Logic "1." Internal logic 
monitors the status of the SEiDIFF 
Mode input and addresses 
the multiplexers singularly or in pairs as required. 


When the channel address is changed, six microseconds must be 
allowed for the AD1362 to settle to within ±0.01% of its final 
output (including settling times of all elements in the signal 
path). The effect of this delay may be eliminated by performing 
the address change while a conversion is in progress (with the 
sample-and-hold in the "Hold" 
mode). 


AD1362 


ADDRESS 
ON CHANNEL 


Differential 
AE 
A2 
Al 
AO 
Single Ended 
uHi" 
"Lo" 


0 
0 
0 
0 
0 
None 
0 
0 
0 
I 
I 
None 
0 
0 
I 
0 
2 
None 
0 
0 
I 
I 
3 
None 
0 
I 
0 
0 
4 
None 
0 
I 
0 
I 
5 
None 
0 
I 
I 
0 
6 
None 
0 
I 
I 
I 
7 
None 
I 
0 
0 
0 
8 
0 
0 
I 
0 
0 
I 
9 
I 
I 
I 
0 
I 
0 
10 
2 
2 
I 
0 
I 
I 
II 
3 
3 
I 
I 
0 
0 
12 
4 
5 
I 
I 
0 
I 
13 
5 
5 
I 
I 
I 
0 
14 
6 
6 
I 
I 
I 
I 
IS 
7 
7 


Table I. Input 
Channel 
Addressing 
Truth 
Table 


Input Channel Address Latch 
The AD 1362 is equipped with a latch for the input Channel 
Select address bits. If the Latch Select pin is at Logic" I," 
input channel select address information is passed through lO 
the mulliplexers. 
A Logic "0" "freezes" the input channel 
address present at the inputs at the "1"-lO-"O" transition (level- 
triggered) . 


This feature is useful when input channel address information is 
provided from an address, data or comrol bus that may be 
required lO service many devices. The ability to latch an address 
is helpful whenever the user has no comrol of when address 
information may change. 


Sample-and-Hold 
Mode Control 
The Sample-and-Hold 
Mode Comrol input is normally 
connected to the Status output from an analog lO digital con- 
verter. When a conversion is initiated by applying a Convert 
Start command to the ADC, Status goes to Logic "I" 
pUlling 
the sample-and-hold 
imo the "Hold" 
mode. This "freezes" the 
information to be digitized for the period of conversion. When 
the conversion is complete, Status returns to Logic "0" and the 
sample-and-hold 
returns to the "Sample" mode. Eighteen 
microseconds must be allowed for the sample-and-hold 
lO 
acquire ("catch up" lO) the analog input to within ±0.01 % of 
the final value before a new Convert Start command is issued. 


The purpose of a sample-and-hold is to "stop" fast changing 
input signals long enough to be converted. In this applicataion, 
it also allows the user to change channels and/or SEIDIFF mode 
while a conversion is in progress thus eliminating the effects of 
multiplexer, analog switch and differemial amplifier selliing 
times. If maximum throughput 
rate is required for slowly 
changing signals, the Sample-and-Hold 
Mode Comrol may be 
wired to ground (Logic "0") rather than to ADC Status thus 
leaving the sample-and-hold 
in a cominuous Sample mode. 


Analog Input Section Offset Adjust Circuit 
Although the offset voltage of the AD1362 may be adjusted, 
that adjustmem is normally performed at the ADC. In some 
special applications, however, it may be helpful to adjust the 
offset of the Data Acquisition System. An example of such a 
case would be if the input signals were small « 
IOmV) relative 
to ADI362 offset and gain errors. To adjust the offset of the 
AD1362, the circuit shown in Figure 3 is recommended. 


Under normal conditions, all calibration is performed at the 
ADC Section. 


Other Considerations 
Grounding: 
Analog and digital signal grounds should be kept 
separate where possible lO prevem digital signals from flowing in 
the analog ground circuit and inducing spurious analog signal 
noise. Analog Ground and Digital Ground are not connected 
internally; these pins must be connected externally for the sys- 
tem to operate properly. Preferably, this connection is made at 
only one point, as close to the ADI362 as possible. The case is 
connected imernally lO Digital Ground lO provide good electro- 
static shielding. If the grounds are not tied common on the same 
card with the AD1362, the digital and analog grounds should be 
connected locally with back-to-back general-purpose diodes as 
shown in Figure 4. This will protect the ADI362 from possible 
damage caused by voltages in excess of ± I volt between the 
ground systems which could occur if the key grounding card 
should be removed from the overall system. The device will 
operate properly with as much as ± 200mV between grounds; 
however, this difference will be reflected directly as an input 
offset voltage. 


TO 
CARO 
CONNECTOR 


Power Supply 
Bypassing: The := ISV and +SV power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. One 
microfarad tantalum types are recommended; 
these capacitors 
should be located close to the system. It is not necessary to 
shunt these capacitors with disk capacitors to provide additional 
high frequency power supply decoupling since each power lead 
is bypassed internally with a 0.0391LF ceramic capacitor. 


Interfacing 
to Popular Analog to Digital Converters 
The AD 1362 has been designed to interface directly to most 
analog to digital converters; often no additional components are 
required and only two interconnections must be made. The 
direct interface requirements 
for the ADC are as follows: 


I. The ADC Status output must be positive-true Logic ("I" 
during conversion). 


2. Transition from "0" to "I" must occur at least 200ns before 


the most significant bit decision is made (successive approxi- 
mation ADC) or before input integration starts (integrating 
type ADC). 


3. Status must not return to "0" before the LSB decision is 


made. 


4. If Status is being used to latch output data, it must not 
return to Logic "0" until all output data bits are valid and 
available. 


DATA 
BITS 
OUT 
1121 


INPUT 
CHANNEL 
SELECT 
(4) 


JL 
CONVERT 
DATA 
STROBE 
START 
(TO OUTPUT 
REGISTER) 


Complete system throughput 
performance is determined 
by 
combining the worst-case specifications of the AD 1362 and the 
ADC. If guaranteed system performance is required, 
the AD363 
and AD364 are recommended. 
The AD363 includes an ADI362 
and an ADSn 
l2-bit, 2S-microsecond precision ADC. The 
AD364 consists of an AD1362 and an ADS74 l2-bit, micro- 
processor compatible, low cost ADC. Each is specified as a 
complete, two-package system. 
Figure Sa shows the AD1362 driving an AD ADC80. The 
AD ADC80 is a 12-bit, 2S-microsecond, low cost ADC that 
meets all of the requirements 
listed above. Throughput 
rate is 


typically 30kHz with no missing codes over the operating tem- 
perature range. 


Figure Sb shows a 10-bit application based on the AD1362 and 
the ADS73, a complete low cost 10-bit, 2S-microsecond ADC. 
In this case, one of the above requirements 
is not met: 


1. DR (DATA READY), as Status, is positive-true, 
but ... 


2. DR does not indicate that a conversion is in progress until 
I.SlLs after conversion starts. 


The gating provided by Ul allows the applied convert command 
(CC) to initiate input hold at the AD1362. CC must last for 
more than I.SlLs so that DR may then assume control of Hold. 
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Data Acquisition System 


AD79015 
I 


FEATURES 
Functional Complete DAS 
Single Package 
Monolithic 
High Impedance Differential Inputs 
Guaranteed Low 1 nA Input Bias Current 
Guaranteed 80 dB Common-Mode Rejection 
External Selectable Bandpass Filter Frequencies 
Software Programmable Gain Selection 
12-Bit A/D Converter with On-Chip Reference 
Serial Communication Interface 
Data Sampling 40,000 Samples/Second 
± 5 V Supplies 
Low 175 mW (typ) Power Consumption 
Small 28-Terminal 
Surface Mount Package (PLCCI 


APPLICATION 
Small Signal Data Acquisition 
ECG Signal Data Acquisition 
Patient Monitoring 


GENERAL DESCRIPTION 
The AD7901S is a complete data a 
sin 
syst 
small signals (i.e., biomedical ECG) with a da 
minimum 40,000 samples/sec. It provides high acc 
, hi 
stability, and functional completeness in a single, 8-pin package. 


It includes a high performance instrumentation 
amplifier at the 


front-end, bandpass filter, and an accurate 12-bit ADC with on- 
chip reference. 


An on-chip clock circuit is provided, which may be used with a 
crystal for stand-alone operation. Alternatively, the clock input 
may be driven from an external CMOS-compatible 
clock source 


such as a microprocessor clock. 


The AD7901S serial interface is compatible with many micro- 
processors and digital signal processors such as the ADSP-2100, 
TMS32020, •.•.PD7720, and DSP-S6ooo. It can also be used 
with general purpose serial to parallel converters such as shift 
registers. 


The AD7901S is fabricated in Analog Devices' linear compatible 
CMOS process (LC2MOS), 
an advanced, all ion-implanted 
pro- 


cess that combines fast CMOS logic and linear, bipolar circuits 
on a single chip, thus achieving excellent linear performance 
while still retaining low CMOS power levels. 


ADC 
COHTllOl 


LOOlC 


X •• 


BUSY 


CONVERT 


CLKJN 


CLXOUT 


OD C 
in 
e c .p, complete small signal DAS. It includes a high 
rfo~ce 
differential front end amplifier, programmable 
g. 
ta 
• externally controlled high and low corner fre- 
u 
cie, 
an 
a l2-bit AD converter with on-chip reference. 


pu 
amplifier has extremely low input bias current of 
• 


<1 nA over full temperature 
range. Typical input bias cur- 
rent at ambient temperature 
is 20 pA. 


3. On-chip guard driver to minimi2e external components. 


4. Software programmable 
gain setting with a gain range of 


o dB to 31 dB. 


S. On-chip clock oscillator to minimize external components. 


6. A serial interface is provided to make it easy to use AD7901S 
in applications where full isolation from the mains power is 
required. 


7. Serial interface supports multichannel 
applications with mini- 
mal external components. 


8. LC2MOS circuitry gives low power drain (17S mW typ) from 
+S V, and -S V supplies. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


AD79015 -SPECIFICATIONS 
~~~~:O::~i~ 
~;~:'~d 
Vss= -5 V ± 5%. Allspecifications 
TMINto TMAl( 


Parameter 
All Grades 
Units 
Test Condition/Comments 


INPUT AMPLIFIER 
GAIN 
Gain Range 
14 
dB 
5 
VN 
Gain Error 
±O.I 
dB max 
Over Full Temperature 
Range 
VOLTAGE OFFSET 
Input Offset Voltage 
10 
mVmax 
INPUT CURRENT 
Input Bias Current 
I 
nAmax 
Over Full Temperature 
Range 
Typical Input Bias 
20 
pA 
Typical at +25°C 
INPUT 
Input Resistance 
109 
Omin 
Input Capacitance 
6 
pF typ 
Differential Input Voltage Range 
Gain = 5 (DC Coupled) 
±0.5 
Vmax 
Common-Mode Input Voltage 
±0.5 
Vmax 
Common-Mode Rejection Ratio 
80 
dB min 
NOISE 
Voltage Noise (RTI) 
2 
4 


GUARD DRIVER 
Capacitive Load 
Resistive Load 


AMPLIFIER 
A 
Gain 


Gain Accuracy 


Input Offset Voltage 
Input Bias Current 


AMPLIFIER 
BILOW PASS FILTER 
Gain 
Low 
0 
dB 
1.0 
VN 
High 
16 
dB 
6.3 
VN 
Gain Error 
0.2 
dB max 
2.4 
% 
Input Offset 
2 
mVmax 
Resistors in Network 
5 
% max 
of Absolute Value, over Full Temperature 
Range 


PROGRAMMABLE 
GAIN AMPLIFIER 
Gain 
Minimum Gain 
0 
dB 
1.0 
VN 
Maximum Gain 
IS 
dB 
5.6 
VN 
Gain Step Size 
I 
dB 
12.2 
% 
Gain Accuracy 
0.1 
dB max 
1.0 
VN 
Input Offset Voltage 
2 
mVmax 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


Parameter 


CONVERTER 
(Core Cell Is the AD7870) 
DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio (SNR) 
Total Harmonic Distortion 
No Missed Codes 
Track/Hold 
Acquisition Time 
Conversion Time 
DC ACCURACY 
Resolution 
Relative Accuracy 
DNL 
Bipolar Zero Offset 
Full-Scale Error 
ANALOG INPUT 
Input Voltage Range 
Input Current 
REFERENCE 
OUTPUT 


Reference Voltage @ +25°C 
Reference Tempco 


DIGITAL 
INTERFACE 
INPUTS 
Logic "I" Voltage 
Logic "0" Voltage 
Input Current 
Input Capacitance 
OUTPUTS 
Logic "I" Voltage 
Logic "0" Voltage 
Floating State Leakage 
Floating State Capacitance 


POWER REQUIREMENTS 
VDD 
Vss 
IDD 
Iss 
Power Dissipation 


All Grades 
Units 


68 
dB 
-80 
dB 
Guaranteed 
2 
"'s 
13.25 
"'S 


12 
Bits 
±I 
LSB 
±I 
LSB 
±I 
% 
±I 
% 


±3 
V 
±550 
",A 


2.98/3.02 
±40 


min, VtN = I kHz Sine, fSAMPLE 
= 10 kHz 
max, VtN = I kHz Sine, fSAMPLE 
= 10 kHz 


max 
@ 4 MHz Clock Frequency 


Typical 
Typical 
@VtN 
= 0 V 


@ VtN = -3 V or VtN = +3 V, Relative to Reference 


• 


V nominal 
V nominal 
mAmax 
mAmax 
mWtyp 


± 5% for Specified Performance 
± 5% for Specified Performance 


TEMPERATURE 
RANGE (T MIN to T MAxl 
0 to + 70 
°c 
Specifications subject to change without notice. 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(TA = +25"C 
unless otherwise noted) 


VDD to DGND 
-0.3 
V to +7 V 
Vss to DGND 
+0.3 V to -7 V 
AGND to DGND 
-0.3 
V to VDD + 0.3 V 
Analog Input Voltage to AGND 
Vss to VDD 
Digital Input Voltage to DGND 
-0.3 
to VDD + 0.3 V 
Digital Output Voltage to DGND 
-0.3 
to VDD + 0.3 V 
Operating Temperature 
Range 
O°Cto +70OC 
Storage Temperature 
-65°C to + 150°C 
Power Dissipation (Any Package) to +75°C 
450 mW 
Derates above +75°C 
by 6 mWrC 
CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


·Stress above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indicated. in 
the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at anyone time. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future man facture unless otherwise agreed to in writing. 
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Parameter 
Limit 
Units 
Conditions/Comments 


TIMING 
teLK 
10 
Il.smax 
Clock Cycle Time 100 kHz Clock 
250 
ns min 
Clock Cycle Time 4 MHz Clock 
t, 
teLK 
ns min 
ADC Start Convert Pulse Width 
t2 
80 
ns max 
CONVERT ~ to BUSY t 
t3 
53* teLK 
ns max 
ADC Busy Period 
t. 
0 
ns min 
BUSY ~ to CSB ~ 
t, 
2.5 teLK 
ns max 
CSB~ 
to RWB 
t,; 
2.5 teLK 
ns min 
CSU 
to DATA VALID t 
4.5 teLK 
ns max 
CSB ~ to DATA VALID t 
t7 
30 
ns max 
SCLK t to DATA VALID t 
t. 
30 
ns min 
Data at Output before SCLK ~ 
tg 
50 
ns min 
Data at Output after SCLK ~ 
t,• 
30 
ns max 
SCLKt 
toDATAVALID~ 
tll 
0 
ns min 
DATA VALID ~ to CSBIRWB t 


tll 
50 
ns max 
CSB t to Data and SCLK Float (See diagram below.) 


t13 
0 
ns min 
Data 
une before SCLK ~ 
t,• 
0.5 teLK 
ns min 
Data Hi 
Time after SCLK 


CONV~ 
~~'l_~_ 


BUSY 
t. 
SCLl( 


JL 
~ 


rc:r-----o-oooo-- 


BIT. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


Pin 
Mnemonic 


1 
DAO 
2 
DAI(-) 
3 
DAI(+) 
4 
GDO 
5 
Vss 
6 
AAO 
7 
ABIS 
8 
ABI 
9 
ABO 
10 
AFI 
11 
AFO 
12 
AoUT 
13 
XIN 
14 
VDD 
15 
CLKIN 
16 
CLKOSC 
17 
DGND 
18 
DATA VALID 
19 
SDO 
20 
SCLK 
21 
RWB 
22 
CSB 
23 
BUSY 
24 
CONVERT 
25 
VREF 
26 
AAI 
27 
AAIS 
28 
AGND 


Description 


Differential Amplifier Out 
Differential Amplifier In (-) 
Differential Amplifier In (+) 
Guard Drive Output 
Negative Supply, -5 V 
Amplifier A Out 
Amplifier B In (Switched) 
Amplifier B In 
Amplifier BOut 
Active Filter In (-) 
Active Filter Out 
Analog Out 
External ADC Input 
Positive Supply, +5 V 
Clock Input Pin. An external TTL compatible cl 
Clock Oscillator Pin 
Digital Ground 
This pin signals valid data in/ou -.d 
Serial Data In/Out. This 
Serial Clock Output. 
ReadfWrite Sel 
Chip Sele 
Converte 
Start Conve~ion 
Voltage Reference Ou 
Amplifier A In 
Amplifier A In (Switched) 
Analog Ground 
• 


PIN CONFIGURATION 


PLCC 


AA 


AFO 11 


25 
VREF 


CONVERT 


AD79015 
BUSY 


TOP VIEW 
CSB 


(Nolto 
Scale) 
RWB 


SLCK 


19 
SD 


5 
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fA 
o co 
)( 
52 
z •..~ 
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u ~ 
0> 
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This information 
applies 10 a product under development. Its characteristics and specifications are subject to change without 
notice. 


Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


CIRCUIT 
INFORMATION 
SIGNAL 
LEVELS 
For an input gain of 5, the maximum Input Signal for Full- 
Scale ADC Output is ±IO mY. 


INTERNAL 
CLOCK 
OSCILLATOR 
Figure 1 shows the AD79015 internal clock circuit. A crystal or 
ceramic resonator may be connected as in Figure 1 to provide a 
clock oscillator for the internal timing. Alternatively, 
the crystal! 
resonator may be omitted and an external CMOS-compatible 
clock source connected to CLKIN. 
The mark/space ratio of the 
external clock must be in the range of 45/55 and 55/45. An in- 
verted CLKIN 
signal will appear at the SCLK output pin. 


ClK 
g 


l** 
OSC 
=* 


C2** 


NOTES: 


• 4MHz CRYSTAUCERAMIC 
RESONATOR 
··Cl 
AND C2 CAPACITANCE 
VALUES 
DEPEND ON 
CRYSTAUCERAMIC 
RESONATOR 
MANUFACT 
TYPICAL 
VALUES 
ARE FROM 30pF TO l00p,F. 


The mter cutoff frequency and mtet damping factor are deter- 
mined by selecting the appropriate values of C 1 and C2• The 
resistor value for RI and R3 is 40 kil and R2 is 210 kil. 


fC2 [(R2 
(R3 
JR2 
x R3 ] 
R3 
d = ~ Ci 
~ R3 + ~ Ri + 
Rl 
gain = RI 


eOUT 
[dV4-d 
2 
] 
Bandpassripple eIN 
= - 20 loglO --2-- 


HIGH·PASS 
FILTER 
(Example Only) 
This external high-pass mter can be implemented 
between the 
input gain stage and Amplifier A. 


TER (Example Only) 
ss mter can be implemented 
between Am- 
plifier B. 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


Bit 9 
Bit 8 
Bit 7 
Bit 3-Bit 6 


A "1" sets external input to the ADC. 
Internal use only. Must be set to a "1." 


Internal use only. Must be set to a "1." 
A 4-bit binary code to set the gain of the program- 
mable gain block between 0 dB and 15 dB in steps 


of 1 dB. 
"סס OO" is 0 dB and "1111" is 15 dB. 
A "0" sets the gain of 3rd stage to 0 dB. 
A "1" sets the gain of 3rd stage to 16 dB. 
A "1" closes the internal switches at the inputs to 
the 2nd and 3rd stage amplifiers. 
Internal use only. Must be set to a "0." 


ANALOG 
INPUT 
Figure 3 shows the ADC analog input. The analog input range 
is 3 V into an input resistance of typically 15 k!l. The designed 
code transition occurs midway between successive integer LSB 
values (i.e., 1/2 LSB, 3/2 LSBs, 5/2 LSBs ... 
FS- 3/2 LSBs). 


The output code is binary with 1 LSB = FS/4096 = 6 V/4096 
= 1.46 mV. The ideal input/output 
transfer function is shown 
in Figure 4. 


PROGRAMMING 
THE AD79015 
The function of the part is set by writing a ten-bit word to the 
control register on chip using the serial interface. The timing 
for the write operation is provided in the timing diagrams. 


The order and function of the bits in the control register is as 
follows: 


Valid data available only after the first read from and write to 
the interface register 
• 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 
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FEATURES 
2G-Bit Sigma-Delta 
ADC 
Dynamic Range of 105 dB (150 Hz Input) 
±0.OO15% Integral Nonlinearity 
(150 Hz Input) 
On-Chip Low-Pass Digital Filter 
Cut-Off Programmable 
from 300 Hz to 18.75 Hz 
Linear Phase Response 
Five Line Serial I/O 
Easy Interface to DSPs and Microcomputers 
Software 
Control of Filter Cut-Off 
±5V 
Supply 
Low Power Operation: 
50 mW 


GENERAL 
DESCRIPTION 
The AD79024 is a Signal Processin 
Systems. It is particularly 
suitable fo bio 
like ECG and EEG machines. The device is 
ing 4 channels with bandwidths 
of up to 300 
. Resolution 
20 bits, and the usable dynamic range varies from 115 dB with 
an input bandwidth of 18.75 Hz to 90 dB with an input band- 
width of 300 Hz. 


The required system low-pass fIltering is inherent in the sigma 
delta technique. 
This eliminates front-end fIltering. 


Three address pins program the device address. This allows a 
data acquisition system with up to 32 channels to be set up in a 
simple fashion. The output word from the device contains 32 
bits of data. One bit is determined 
by the state of the DO input 
and may be used with an external Pacemaker Detect Circuit to 
indicate that the output word is invalid because of the presence 
of a pacemaker pulse. There are 20 bits of data. Two bits 
contain the channel address, and 3 bits are the device address. 
Thus, each channel in a 32-channel system would have a dis- 
crete 5-bit address. The device also has a CASCOUT pin and 
a CASCIN pin which allow simple networking of multiple 
devices. 


The on-chip Control Register is programmed using the SCLK, 
SDATA and TFS pins. Three bits of the Control Register set 
the Digital Filter Cut-Off Frequency for the device. Selectable 
frequencies are 300 Hz, 150 Hz, 75 Hz, 37.5 Hz and 18.75 Hz. 
A further 2 bits appear as outputs D 1 and D2 and can be used 
for controlling calibration at the front end. The device is avail- 
able in a 44-pin plastic QFP (Quad Flat Pack) package. 


20-Bit Data Acquisition System 


AD79024 
I 


MODE 
CASCIN 
CASCOllT 


RFS 
SOATA 


SCLl( 


7 
4 IS fabricated in Analog Devices' Linear Compati- 
C 
S process (LC2MOS), 
an advanced, all ion-implanted 
racess that combines fast CMOS logic and linear, bipolar cir- 


cuits on a single chip, thus achieving excellent linear perfor- 
mance while still retaining low CMOS power levels. 


PIN CONFIGURATION 
Plastic QFP 


! 
§ 
a 
>-i! 
'" 
>oj 
f!'z 
QC 
rEdrEc:lS",8fH51rE 
;~!:;$1Il1ll[:;1ll1ll~ 


NC 
1 


NC 
2 
D1 3 


DGND 
4 
NCe 


RFS 
8 


SCLK 
7 


RESET 
8 


AGND 
g 


AYoo10 


AIH 0 11 
• 


33 
MODE 


32NC 


31 
NC 


30 
DVDD 
2800 


28 
NC 


27 
CASelN 


28CASCOlIT 


25 
VREF 
24 
AVos 


23 
AGND 


This information applies to a product under development. 
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NOTE: 
PIN 16-AGND 
IS THE 
PRIMARY 
AGND 
TO THE PART. 


SECONDARY 
AGND 
PINS ARE 
USED 
TO ISOLATE 
THE ANALOG 
INPUT 
PINS. 


NC PINS MAYBE 
CONNECTED 
TO EITHER 
DIGITAL 


SUPPLY 
OR LEFT 
UNCONNECTED. 


Parameter 


STATICPERFO~CE 
Resolution 
Integral 
Linearity 
Error 


Gain Error 
Gain Match 
Between 
Channels 
Offset Error 
Offset Match 
Between 
Channels 
Noise 


DYNAMIC 
PERFO~CE 
Sampling 
Rate 
Output 
Update 
Rate 
Filter 
Cut-Off 
Frequency 
Settling 
Time 
Usable 
Dynamic 
Range' 
Total 
Harmonic 
Distortion 


Absolute 
Group 
Delayl 
Differential 
Group 
Delayl 


ANALOG 
INPUT 
Input 
Range 
Input 
Capacitance 
Input 
Bias Current 


LOGIC 
INPUTS 
VINH, Input 
High 
Voltage 
VtNL, Input 
Low Voltage 
IINH' Input 
Current 
Cw, 
Input 
Capacitance 


LOGIC 
OUTPUTS 
VOH' Output 
High Voltage 
VOL> Output 
Low Voltage 


POWER 
SUPPLIES 
Reference 
Input 
AVDD 
DVDD 
AVss 
IDD 
Iss 
Power 
Supply 
Rejection5 


20 
0.0015 
0.003 
I 
0.05 
I 
0.5 
See Table 
I 


Bits 
% FSR typ 
% FSRmax 
% FSRmax 
% FSR max 
% FSRmax 
% FSRmax 


300 
500 
See Table 
I 
See Table 
I 
See Table 
I 
-96 
-48 
100 
52 
10 
10 


2.413.1 
4.75/5.25 
4.75/5.25 
-4.75/-5.25 
5 
5 
-70 


V minIV max 
V minIV max 
V minIV max 
V minIV max 
mAmax 
mAmax 
dBtyp 


NOTES 
'Operating Temperature Range -40"C to +85"C. 
'The Am pins present a very high impedance dynamic load which varies with clock frequency. 
'Guaranteed by design and characterization. 
'Usable Dynamic Range is guaranteed by measuring noise and relating this to the Full-Scale Input Range. 
'l()() mV pk-pk, 
120 Hz sine wave applied to each supply. 
Specifications subject to change without notice. 


Programmed 
Usable 
Dynamic 
Range 
RMS Noise 
Filter Settling 
Time to 
Bandwidth 
(Hz) 
(dB) 
(p.V) 
%0.0007% FS (ms) 


300 
90 
56 
5 
150 
108 
7 
10 
75 
115 
3 
20 
37.5 
115 
3 
40 
18.75 
115 
3 
80 


NOTE 
Usable Dynamic Range is defined as the ratio of the nos full-scale reading (sine wave input) to the 
rms noise 
of the converter. 


This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless 
otherwise 
agreed 
to in writing. 


• 
• 
• 
1 
2 (AVDD = DVDD = +5 V ± 5%; AVss = -5 
V ± 5%; AGND = DGND = 0 V; fCLJ(IN = 4 MHz; Input 
Timmg Charactenstics' 
Levels: Logic 0 = 0 V, Logic 1 = DVDD; unless otherwise stated.) 


Parameter 


f'cLKIN3,. 


tR't/ 


Control Register Timing 


tl 
t2 
t3 
t. 
t, 
t,; 


Master Mode Timing 


t7 
t86 


tg 


tlO 
tll 
t12 
t137 


tl•8 


tl, 


tl6 
Slave Mode Timing 


t7 
tl6 
tl7 
t'8 
tl9 
t20 
t21 
t 


2,o 


t238 


t2• 


Limit @ TMIN, 
TMAX 


400 
4 
400 
4 
50 
SO 


Units 


kHz Inin 
MHzmax 
kHz Inin 
MHzmax 
ns max 
ns max 


Conditions/Comments 


Master Clock Frequency: 
Internal Gate Oscillator 


Digital Output Rise Time; Typically 20 ns 
Digital Output Fall Time; Typically 20 ns 


SCLK Period 
SCLK Width 
TFS Setup Time 
SDATA Setup Time 
§,Q 
A Hold Time 
old Time 


CASCIN Pulse Width 
SCIN High to SCLK Valid Delay 
eriod 
Width 
SCLK High to RFS High Delay 
RFS Hold Mter SCLK High 
SCLK High to SDATA Valid 
SCLK Falling Edge to Hi-Z Delay 
CLK Hi-Z to CASCOUT High Delay 
CASCOUT Pulse Width 


CASCIN Pulse Width 
CASCOUT Pulse Width 
CASCIN High to SCLK High Setup Time 
SCLK Period 
SCLK Width 
RFS to SCLK High Setup Time 
RFS Hold Time Mter SCLK Low 
SCLK High to SDATA Valid 
SCLK Falling Edge to Hi-Z Delay. 
SCLK Low to CASCOUT High Delay • 


ns Inin 
ns Inin 
ns Inin 
ns Inin 
ns Inin 
ns Inin 


NOTES 
'Sample tested 8t +25"<: to ensure compliance. All input signals are specified with It = If = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figures I to 6. 
'CLKIN 
Duty Cycle range is 20% to 80%. 


'The AD79024 is production tested with feLKIN 
8t 4 MHz. It is guaranteed by characterization to operate at 400 kHz. 


'Specified using 10% and 90% points on wavefonn of interest. 
'If DRDY is high when 8 rising edge occurs on CASCIN, the rising edge will not be recognized until DRDY goes low to indicate that the output register can 
be read. 
't" 
and t" are measured with the load circuit of Figure I and defmed as the time required for an output to cross 0.8 V or 2.4 V. 
'I" and t" are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure I. The measured number is 
then extrapolated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the TinIing Characteristics is 
the ttue bus relioquish time of the part and as such is independent of external bus loading capacitances. 


This information 
applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 


Analog Devices assumes no obligation 
regarding future manufacture 
unless otherwise 
agreed to in writing. 


TO 


OUTPUT 


PIN 


Figure 1. Load Circuit for Access Time and 
Bus Relinquish 
Time 


!$-----$.$ 
$$----!$ 
~ 
t~ 
JDBifIr!$~$5~$5~$5 
DBG 


SDATA(O) 
------l..£ID.A..$5~f$~$5~ff~ 


I t24 t,. 


CASCOUT(O) 
----------!$-----$.5 
$5-----!$ 


This information 
applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without 
notice. 


Analog Devices assumes no obligation 
regarding future manufacture 
unless otherwise 
agreed to in writing. 


ABSOLUTE 
MAXIMUM 
RATINGS· 
AVoo to AGND 
-0.3 
V to +7 V 
AVss to AGND 
+0.3 V to -7 V 
AGND to DGND 
-0.3 
V to +0.3 V 
AVoo to DVoo 
-0.3 
V to +0.3 V 
Analog Inputs to AGND 
AVss - 0.3 V to AVoo 
+ 0.3 V 
VREF to AGND 
Vss - 0.3 V to Voo 
+ 0.3 V 
Digital Inputs to DGND 
-0.3 
V to Voo + 0.3 V 
Digital Outputs to DGND 
-0.3 
V to Voo 
+ 0.3 V 


Operating Temperature 
Range 
Commercial Plastic (B Version) 
-40°C to +85°C 
Storage Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 
10 sees) 
+ 300°C 
Power Dissipation (Any Package) to +75°C 
500 mW 
Derates above +75°C by 
10 mWrC 


·Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the device. 
This 
is a stress 
rating 
only 
and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


SDATA 
SCLK 
DRDY 


TFS 


DO 
01,D2 


VREF 
AGND 
DGND 
A1NI-A1.,4 


• 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


PIN DESCRIPTION 


Pin 
Description 


AVoo 
Analog Positive Supply, +5 V no 
DVoo 
Digital Positive Supply, +5 V 
0 
AVss 
Analog Negative Suppl 
-5 
RESET 
A high pulse on this. tiP, Y!lc 
channel system to en 
e simul 
The three address pins, AO, It. and 
data stream from the device. 


CLKIN 
Clock Input for External Clock. 


CLKOUT 
Clock Output which is used to generate an internal master clock by connecting a crystal between CLKOUT 
and 
CLKIN. 
If an external clock is used, then CLKOUT 
is not connected. 


This digital input determines the device interface mode. If it is hardwired low then the Master Mode interface is 
enabled; whereas if it is high, the Slave Mode interface is enabled. 
CASCIN 
Positive-edge triggered digital input which is used to enable the output data stream. This input is used to cascade 
several devices in a multichannel 
system. 
CASCOUT 
Digital output which goes high at the end of a complete 4-channel data transfer. This can be connected to the 
CASCIN of the next device in a multi-channel 
system to ensure proper control of the data transfer. 
Receive Frame Synchronization 
signal for the serial output data stream. This can be an input or output depending 
on the interface mode. 
Serial Data Input/Output 
pin. 


Serial Clock Input/Output. 
The SCLK pin is configured as an input or output, depending on the state of the Mode pin. 
Data Ready Output. 
DRDY is low when valid data is available in the output register. It goes high for four clock 
cycles when a new word is being loaded into the output register, to indicate that valid data is not available. 
Transmit Frame Sync input for programming 
the on-chip Control Register. 


Digital Data Input. This is contained in the digital data stream sent from the device. 
Digital Outputs. 
These two digital outputs can be programmed 
from the on-chip Control Register. They can be 
used to switch in calibration signals at the front end. 
Reference Input, nominally 2.5 V. 
Analog Ground. Ground reference for analog circuitry. 
Digital Ground. Ground return for digital circuitry. 
Analog Input pins. The analog input range is ±2.5 V. 


DESCRIPTION 
OF OPERATION 


Voltage Reference 
Full scale analog input corresponds to reference voltage input. 


The reference input presents exactly the same dynamic load as 
the analog input, but in the case of the reference input, source 
resistance and long settling time introduce gain errors rather 
than offset errors. Most precision references however have suffi- 
ciently low output impedance and wide enough bandwidth to 
settle to the required accuracy in the time allowed by the 
AD79024. 


The reference should be chosen to have minimal noise in the 
programmed 
passband. Recommended 
references are the 
AD580, AD680 or the ADREF-43 
from Analog Devices. These 
low noise references have a typical noise spectral density of 
40 nV/y'Hz 
at 300 Hz. 


Qock 
Generation 
The device operates from a master clock which must be pro- 
vided either from a crystal source or an external clock source. If 
a crystal is used, it must be connected across the CLKIN 
and 
CLKOUT 
pins. An external clock can be used by driving the 
CLKIN 
input directly with a CMOS compatible clock. In this 
case, CLKOUT 
is left unconnected. 
The nominal clock fre- 
quency for the device is 4.096 MHz. 


Control Register 
Description 
The 16-bit control register is programmed 
in 
Three control lines are used: TFS, SCLK an 
can be an input or an output depending 
n 
MODE pin. When this is low, SCLK is 
ou 
ut 
Mode); and when it is high, SCLK is an input (ve 
e 
When TFS goes low, <4ta on the SDATA line is cl 
ed into 
the control register on each succeeding falling edge oMiCLK. 


When 8 bits have been clocked in, the transfer automatically 
stops. Only when another negative going edge is detected on 
TFS will new information be written into the control register. 
The control register programming 
model is shown in Table II. 
Bits DB8 and DBO allow the control register to identify whether 
the MS Byte or the LS Byte has been programmed. 
Only when 
DB8 is a I and DBO is a 0 will the register recognize that a 
complete valid word has been programmed. 


Control Register bit, A3, acts as an extra address bit which must 
always be set to I to enable programming 
of the AD79024. If it 
is set to 0 then the programmed 
word is ignored. This allows 
the user to bypass the AD79024 control register and use the se- 
rial stream from the DSP or microcomputer 
to program other 
serial peripheral devices. 


When a valid word has been received, the device interrogates 
the mode bit, MO. If this is 0, then the digital filter cut-off fre- 
quencies are programmed 
to the appropriate value if the device 
address pins correspond to 
e A2, AI, AO bits in the control 
register. If the de . 
s pins do not correspond to the A2, 
AI, AO bits, 
en 
2, 
CI, FCO bits are ignored. If MO is 
I, then 
er 
t-off frequencies are programmed 
to 
the- 
I 
value irrespective of the address bits. In a 
ul . 
I ystem-.thi 
allows the user to either program all 
AD790T4s to 
e 
t-off frequency or else to give 
eac 
de' 
sep 
c 
-off frequency. 


its FC2, FCI, FCO program the digital fllter 
see Table IV). 


2, DI control the digital output Pins D2 
p 
grammed in the same way as FC2, FCI, 


MO 
Operating 
Mode 
o 
Initialization Mode O. A2, AI, AO determine which 
device is addressed and programmed with cut-off 
frequency and digital output. 


Initialization Mode 1. A2, AI, AO ignored. All devices 
are addressed and programmed 
with common cut-off 
frequency and digital output. 


FC2 
FCI 
FCO 
Cut-Off Frequency 
(Hz) 


0 
0 
0 
300 
0 
0 
I 
150 
0 
I 
0 
75 
0 
I 
I 
37.5 
I 
0 
0 
18.75 


This information applies to a product under development. 
Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


Reset 
The AD79024 has a hardware reset which can be used to syn- 
chronize many devices. When the RESET pin goes low after 
being high for at least 4 CLKIN 
cycles, the modulator sampling 
points and digital ftIter starting points are all synchronized. 
This 
synchronizes all devices which receive the RESET pulse and 
gives simultaneous sampling of all channels. 


Data Output Interface 
Modes 
When the control register has been programmed, 
the device be- 
gins conversion. There is an initial delay of 400,000 master 
clock cycles to allow the digital ftIters to settle. These ftIters are 
Sine' and so the ftIter output update rate is directly related to 
the programmed 
cut-off frequency. The ratio between these is 
3.81. So, for a ftIter cut-off frequency of 300 Hz, the output 
update is 1.145 kHz. The falling edge of the DRDY output in- 
dicates that the output shift register has been updated. 
There 
are two interface modes. One is the Master Mode where the 
AD79024 is the master in the system and the processor to 
which it is communicating 
is the slave. The other mode is the 
Slave Mode where the AD79024 is the slave and the processor 
is the system master. In both of these modes the data output 
stream contains 4 x 32 bits corresponding 
to the four in 
channels. The output data format is given in Table V, 
channel address format is given in Table VI. 
,,': 


Master Mode Interface 
'_y 


In this mode, data is clocked out 0 
. 


nally generated serial clock and f 
Two signals initiate the transfer. 
are thl: . 


and the internally generated DRDY signal. 
is detected on CASCIN, the device checks the 
te of DRD 
Note, that on initial power-up or after a reset has been applie 
the CASCIN input is not necessary on device 000 for the first 
data transfer but is required thereafter. 


If DRDY is low, then the 3-state output, 
RFS, goes high on the 
next rising edge of CLKIN 
and stays high for two CLKIN 
cy- 
cles before going low again. The 3-state SCLK output is also 
activated on the same rising edge. As RFS goes low, DB31 is 
clocked out on the rising edge of SCLK. Data is transmitted 
in 
16-bit words. For each AIN, there are two 16-bit words and two 
RFS signals. When DBO of Am4 has been clocked out, SCLK 
goes back into 3-state and the CASCOUT output goes high for 
two master clock cycles. DRDY also goes high at this point. 
Successive devices can be networked together by tying the 
CASCOUT of one device to the CASCIN on the next one. 


The Master Mode interface is very suitable for loading data 
into a serial-to-parallel shift register or for DSPs like the ADSP- 
2101 which can accept a continuous stream of 16-bit words. 


Slave Mode Interface 
In this mode, the m8ster processor controls the transfer of data 
from the si 
ssing block. It starts the transfer by send- 
ing a fram 
~o 
tion pulse and serial clock to the 
A 
7 
~. 
.s 
d be in response to an interrupt 
generated 


, 
ou 
ut on the AD79024. If the device has de- 
ed 
on CASCIN or is device 000 on its fIrSt 
to 
d out data on the next rising edge of 
e data bits have been clocked out, the 
goes high for two CLKIN 
cycles and DRDY 
s high. If the device is still transmitting 
data when a 
word 
omes available, the old data will continue to be 
e new data is lost. 


e S 
e 
ode interface is suited to both microcomputers 
like 
51 and 68HCll 
and also DSPs like the TMS32OC25, 
• 
DSP-2101 and 56000. 


DB31 ..... 
DBl2 
DBll 
DBIO 
DB9 
DDS 
DB7 
DB6 
DBS .••••••.. 
DBO 


DBI9 ..... 
DBO 
CAI 
CAO 
AO 
Al 
A2 
DO 
X ............ 
X 
Conversion Result 
Channel Address 
Device Address 
Pace Detect 
Don't Care 


Channel 


AIN 
I 
AIN 2 
AIN 3 
AIN 4 


CAI 
o 
o 
I 
I 


CAO 
o 
I 
o 
I 


This information applies to a product under development, 
Its characteristics and specifications are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture unless otherwise agreed to in writing. 


I-.ANALOG 
L.lII DEVICES 


I 


FEATURES 
Complete with High Accuracy Sample/Hold and 
AiD Converter 
Differential Nonlinearity: 
± 0.002% FSR max 
(DAS1153) 
Nonlinearity: DAS1152: ±0.005% FSR max 
DAS1153: ±0.003% FSR max 
Low Differential Nonlinearity T.C.: ±2ppml"C max 
High Throughput Rate: 25kHz min (DAS1152) 
High Feedthrough Rejection: -96dB 
Byte-Selectable Tri-State Buffered Outputs 
Internal Gain & Offset Potentiometers 
Improved Second Source to AiD/AiM 824 and 
AiD/AiM 825 Modules 
APPLICATIONS 
Process Control Data Acquisition 
Automated Test Equipment 
Seismic Data Acquisition 
Nuclear Instrumentation 
Medical Instrumentation 
Robotics 


GENERAL DESCRIPTION 
The DASllS2IDASIIS3 
are 14-/IS-bit sampling analog-to-digital 
converters having a maximum throughput 
rate of 2SkHz/20kHz. 


They provide high accuracy, high stability, and functional 
completeness all in a 2" x 4" x 0.44" metal case. 


Guaranteed high accuracy system performance such as nonlinearity 
of ±O.OOS%FSR (DASIIS2)/±0.OO3% 
FSR (DASllS3) 
and 
differential nonlinearity of ±0.OO3% FSR (DASllS2)/±0.OO2% 
FSR (DASllS3) 
are provided. Guaranteed stability such as 
differential nonlinearity T.C. of ± 2ppml"C (DASIIS3) maximum, 
zero T.C. of ±80f.l.VI"C maximum, gain T. C. of ±8ppml"C 
maximum and power supply sensitivity of ±0.001% 
FSRJ% Vs 
are also provided by the DASllS2IDASIIS3. 


14-Bit & 15-Bit Sampling 
Analog-to-Digital 
Converters 


DASl152/DASl153 
I 


{ 


, 


ANALOG 


INPUT 
: 


REF out 


HI 
ENABLE 


MSi 
MSB 
BI12 


alT3 


BIT 
4 


81T 
5 
BIT. 
err 
7 


BIT 
• 
BIT' 


BIT '0 


BIT 
11 


BIT 
12 


BIT 
13 


BIT 
14 
(LSB 
FOR 
0,11,511521 


BIT 
15 
ILSB 
FOR 
0,6,51'531 


+15V 


(ANALOG 
80 DIGITAL 
GNOS 


ARE 
CONNECTED 
INTERNALl 
VI 
------------- 
~ 


The DASllS2/DASllS3 
make extensive use of both integrated 
circuit and thin film components 
to obtain their excellent 
performance, 
small size, and low cost. The devices contain a 
precision samplelhold amplifier, high accuracy 14-/IS-bit analog- 
to-digital converter, 
tri-state output buffers, internal gain and 
offset trim potentiometers, 
and power supply bypass capacitors 
(as shown in Figure I). 
• 


Four analog input voltage ranges are selectable via user pin 
programming: 
0 to + SV, 0 to + JOV, ± SV, and ± 10V. Uni- 
polar coding is provided in true binary format with bipolar 
coding displayed in offset binary and two's complement. 
Tri-state buffers provide easy interface to bus structured 
applications. 


Throughput 
Rate 


Conversion Time 
SIH Acquisition 
Time 
SIH Aperture 
Delay 


SIH Aperture 
Uncertainty 


Feedthrough 
Rejection I 
Droop Rate 
Dielectric Absorption 
Error 


ACCURACY 
Integral Nonlinearity! 
Differential 
Nonlinearity 


No Missing Codes 
:t 30"Noise (S/H 
plus AID) 
:t 30"Noise (AID) 


STABILITY 
Differential 
NonlinearityT 
.C. 


GainT.C. 
ZeroT.C. 
Power Supply Sensitivity 


ANALOG 
INPUT 


Volcage Range 
Bipolar 
Unipolar 


ADCInputImpedanceOto 
+5V 


Oto + 10V, :t5V 
:tIOV 
StH Input Impedance 


DIGITAL 
INPUTS 
Convert Command· 


Low Enable, High Enable 


DIGITAL 
OUTPUTS 
Parallel Data Outputs 


Unipolar 
Bipolar 
Output Drive 
Status 


Output Drive 


INTERNAL 
REFERENCE 
VOLTAGE 
External Load Current (Rated Performance) 
Temperature 
Stability 


POWER REQUIREMENTS 
Rated Voltages 
Operating 
Voltages5 
Supply Current Drain ± 15V 
+5V 


TEMPERATURE 
RANGE 
Specified 
Operating 
Storage 
Relative Humidity 
Shielding 


25kHzmin 
35~max 
4IJ.SmalC 
50ns 
Ins 
-%dB 
0.051' VII'S (0.11' VII'S mo.) 
:t 0.005% of Input Voltage Change 


t=NOHCONOUCTIV£ 
LAIn 


c:::) 
IT 
L~UUl'UI'" 


3.100( •. 11 
.It 


20kHzmin 
44fLsmax 
5fLSmax 
. 
~._-- 
"""'- ..... 
I. DOLO I'lATlEO 
'MIL-G..ar;,zotl 


± 0.005% FSRl max 
:t 0.003% FSRl max 
Guaranteed 
7SfLVrms 
SOfLVrms 


1 
"·~----···02'lo.z.'1 


METAL CASE--, 


±2ppmrcmax 
±8ppmr<:max 
.±30fLVrctyP, 
.±80 •.•.VrCmax 


.±0.001% FSRl/%V. 
TOP VIEW 


'FOR Moon 
OAS1lU _ BIT IS IlMl 


"FOR MOOn O,u"U 
_ lit 
1. llAl 


CASE IS NOT HOMEllCAUY 
su.uo 


±5V, 
± 10V 


Oto +SV,Oto 
+ 10V 
Z.5kil 
5kll 
1O.0kll 
IOOMlll5pF 


ITfL 
Load, Positive Pulse 


Negative Edge Triggered 
HOLD 
= Logic 0 
SAMPLE: 
Logic I 
ENABLE 
= LogicO 


Binary 
Offset Binary, 2's Complement 
ZTTLLoads 
Logic "I" During Conversion 
ZTTLLoads 
+ tOV, ±0.3% 
2mAmax 
.±5ppmrCmax 


±15V(±3%), 
+5V(±5%) 


.±12Vto+I7V,+4.75Vto+5.25V 
" 


±37rnA 
80mA 


Oto +7O"C 
- Z5"C to + 85°C 
-Z5"Cto 
+85"C 
McctsMIL-STD-ZOZE, 
Method 103B • 
Electrostatic (RFI) 6 Sides, 
Electromagnetic 
(EMI) 5 Sides 


2" x 4" x 0.44" Metal Package 


NOTES 
·Specifieations 
same ll$ DASIDi2 
'Measured 
in hold mode, input 20V pit-pit (eI,10kHz. 


lWont-casc 
SUlt1DUltionof SIH and AID nonlinearity 
erron. 
lFSR means Full SClk Range. 
~hen 
conn«tinglhe 
Converl Command 
and the SIH conlrol tenninab 
tOiether, lhe pulse width musl be: lon, enough for the S/H 


ampliflC'r to acquire the inpul sianalto 
the required l«:uracy 
410'-1(mall, DAS1152Y51o'-1(mall, DASI153). 
If lhe AID convener 
is only used, the Conven Command 
pulse width shoWd be lOOlu min <_ Fipre: 
2). 
'If only the AOC portiofl is uacd, the opm,tiuc 
powa- R1pp1yvo/t.ace an 
be maintained It ::t12V to ::t17V. Bul if the SIH N:Ction is 
required, 
theopm,tiDrvo/t.ace 
mUll: be -mtainedlt 
::t15V (::t3~)orthe 
SIH inpul YOItaFmUll: be limited to-7V 
to + IOV for a ::t12V .upply 
YOIaae. 
~ecommended 
Power Supply: Analog Devita 
Model 923. 


Specificalions subject 10 chlnge 
without notice. 


ASSEMBLY 
INSTRUCTIONS 
CAUTION: 
This module is not an embedded assembly and is 
not hermetically sealed_ Do not subject to a solvent or water-wash 
process that would allow direct contact with free liquids or vapors_ 
Entrapment 
of contaminanls 
may occur, causing performance 
degradation and permanent damage_ Install after any clean/wash 
process and then only spot clean by hand_ 


1ne VA:>l DLI VA:>l Dj are lUncnonauy complete oata acqUislUon 
subsystems being fully characterized as such. All the necessary 
data acquisition and microprocessor interface elements are 
provided internal to these devices. Accuracy and performance 
criteria are tested and specified for the entire system. Thus, 
design time and associated high accuracy problems are minimized 
because layout and component optimization 
have already been 
performed. 


For operation, the only connections necessary to the DAS1l52/ 
DASl153 are the ± l5V and + 5V power supplies, analog input 
signal, trigger pulse, and the HI-ENABLEILO-ENABLE 
tri- 
state controls. Analog input and digital output programming 
are 
user selectable via external jumper connections. 


ANALOG 
INPUT 
SECTION 
The analog input can be applied to just the AID converter or to 
the internal samplelhold amplifier ahead of the AID converter. 
When using just the AID converter, apply the analog input per 
the voltage range pin programming 
shown in Table 1. When 
using the samplelhold amplifier in conjunction with AID con- 
verter, apply the analog input to the SIH INPUT terminal and 
connect the S/H OUTPUT 
terminal to the appropriate AID 
converter analog input. 


Tab/e I. Analog Input Pin Programming 


Analog Voltage 
Connect 
Connect 
Connect 
Input 
VIN or SIH Out 
Analog Common 
Ref Out 
Range 
To 
To 
To 


Oto 
+5V 
ANAINl, 
ANAIN2, 
Ground 
NC· 
ANAIN3 


Oto 
+ JOV 
ANAIN2 
Ground 
NC· 
ANAIN3 
ANA IN I 


:!:5V 
ANAINI 
Ground, 
ANAIN2 
ANA IN 3 


:!: JOV 
ANAIN3 
Ground, 
ANAIN2 
ANA IN I 


Errors due to source loading are eliminated since the samplelhold 
amplifier is a high-impedance 
unity-gain amplifier. High 
feedthrough rejection is provided for either single-channel or 
multichannel 
applications. 
Feedthrough 
rejection can be 
optimized, in multichannel 
applications, by changing channels 
at the rising or falling edge of the S/H control pulse. 


r----- 
II 
I 
CONNECT 
I 
FOR 
i O~~~~~N 
I 
1L 
_ 


14115 
BIT 
AID 
CONVERTER 


Ine 
umlng 
ulagram 
lor LIlt:1.Jl'\311J~/Lll'\."11J~1;)lUU;:'Ui:llf;U 
HI 
Figure 3. This figure also includes the sample/hold amplifier 
acquisition time. 


If the sample/hold amplifier is required, 
the TRIGGER 
input 
and S/H CONTROL 
terminal can be tied together providing 
only one conversion control signal. When the trigger pulse goes 
high, it places the sample/hold amplifier in the sample mode 
allowing it to acquire the present input signal. The trigger pulse 
must remain high for a minimum of 4fLS(DAS 1152)15fLS 
(DASI153) 
to insure accuracy is attained. 
If the samplelhold 
amplifier is not used, the trigger pulse needs to be only lOOns 
(min) in length to satisfy the AID converter trigger requirements. 
At the falling edge of the trigger pulse, the sample/hold 
amplifier is placed in the hold mode, the AID conversion 
begins, and all internal logic is reset. Once the conversion 
process is initiated, it cannot be retriggered until after the end 
of conversion. 


With this negative edge of the trigger pulse the MSB is set low 
with the remaining digital outputs set to logic high state, and 
the status line is set high and remains high through the full 
conversion cycle. During conversion each bit, starting with the 
MSB, is sequentially switched low at the rising edge of the 
internal clock. The DAC output is then compared to the analog 
input and the bit decision is made. Each comparison lasts one 
clock cycle with the complete 14-/l5-bit conversion taking 35fLS/ 
44fLSmaximum for the DAS1l52IDASl153 
respectively. At this 
time, the STATUS line goes low signifying that the conversion 
is complete. For microprocessor 
bus applications, 
the digital 
output can now be applied to the data bus by enabling the tri- 
state buffers. For maximum data throughput, 
the digital output 
data should be read while the samplelhold amplifier is acquiring 
the new analog input signal. 
• 


TRIGGERJ n 
SIH 
CONTROL 
: 
_ 


INPUT 
+FS] 
: 
SIGNAL 
0J-:------------ 
-FS 
-.------------ 
I 


+fS~ 
SIH 
OUTPUT 
0 - 
-: 
----- 
_ 


-FS 
-1------------ 


INTERNAL 
nnnn 
nnn 
CLOCK 
---J 
L.J 
LJ 
LJ 
l..iT-J 
LJ 
U 
~ 


EOC~3S 
•.•.• MAX(t~ 
44 •.•.• MAX (D~~~~:~:~ 


MSB==~LJ 
SS 
m ' 


BIT2n_~S 
U' 


BIT3----~S 
_, 


f 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
BIT'4 
- - --I 
Ss-, 
r--wmm; 
IlSB 
FOR DAS1152) 
_ 
__ 
_ 
L-J 
f//I~ 


ILSB.g~ci~S1153J==] 
S~ 


• 
2. If S/H Control and Trigger are tied together, 
PUIH Width 
mu,.\ 
be •..•.• (OAS"~2\~ 
•.•.• ~DAS"~3\ 
ft\\n \0 ."ow 
Ute SM 
Amplifier to acquire the Input Signal. If the ADC is onlv 
used, the Trigger Pulse must be lOOns min. 


GAIN AND OFFSET 
ADJUSTMENT 
The DAS1152/DAS1153 
contain internal gain and offset 
adjusunent 
potentiometers. 
Each potentiometer 
has ample 
adjusunent 
range so that gain and offset errors can be trimmed 
to zero. 


Since offset calibration is not affected by changes in gain 
calibration, 
it should be performed prior to gain calibration. 


Proper gain and offset calibration requires great care and the 
use of extremely sensitive and accurate reference instruments. 
The voltage standard used as a signal source must be very stable 
and be capable of being set to within ± 1I10LSB of the desired 
value at any point within its range. 


OFFSET 
CALIBRATION 
For a 0 to + 10V unipolar range set the input voltage precisely 
to + 305fJoV for the DAS 1152 and + 153fJoV for the DAS 1153. 
For a 0 to + 5V unipolar range set the input to + 153fJoV for the 
DASI152 and + 76fJoVfor the DAS1153. Then adjust the zero 
potentiometer 
until the converter is just on the verge of 
switching from 000 
000 to 000 
001. 


For the ± 5V bipolar range set the input voltage precisely to 
+ 305fJoV for the DASI152 and + 153fJoV for the DAS1153. For 
a ± 10V bipolar range set the input voltage precisely to +610fJoV 
for the DAS1152 and + 305fJoVfor the DAS1153. Adjust the 
zero potentiometer 
until the offset binary coded units are just 
on the verge of switching from 000 
000 to 000 
001 
and the two's complement coded units are just on the verge of 
switching from 100 
000 to 100 
001. 


GAIN CALIBRATION 
Set the input voltage precisely to + 9.99909V (DASI152)/ 
+9.99954V (DAS1153) for the 0 to + JOV units, 
+4.99954V 


(DAS1152)/+4.99977V 
(DAS1153) for 0 to +5V units, 


+9.99817V (DAS1152)/+9.99909V 
(DAS1153) for ± 10V 
units, or +4.99909V (DASI152)/+4.99954V 
(DAS1153) for 
± 5V units. Note that these values are I 1/2LSBs less than 
nominal full scale. Adjust the gain potentiometer 
until binary 
and offset binary coded units are just on the verge of switching 
from 11..... 10 to 11..... 11 and two's complement coded units 
are just on the verge of switching from 011. .... 10 to 011..... 11. 


DASllS2IDAS1l53 
INPUT/OUTPUT 
RELATIONSHIPS 
The DAS1152IDAS1153 produces a true binary coded output 
when configured as a unipolar device. Configured as a bipolar 
device, it can produce either offset binary or two's complement 
output codes. The most significant bit (MSB) is used to obtain 
the binary and offset binary codes while (MSB) is used to obtain 
two's complement coding. Table II shows the DAS1152IDAS1153 
unipolar analog input/digital output relationships. Tables III 
and IV show the DAS1152IDAS1153 bipolar analog input/digital 
output relationships. 


NOMINAL 
BIPOLAR 
INPUT·OUTPUT 
RELATIONSHIPS 


Tab/e /I. Unipolar 
Input/Output 
Relationships 


ANALOG 
INPUT 
Oto +1 
DASIlS2 


+9.99939V 
+ S.OOOOV 
+ 1.2S000V 
+O.OOO6V 
+O.OOOOV 


o to + SV Rangc 
DASIlS2 
DASIlS3 


+4.99969V 
+4.99984V 
+ 2.S0000V 
+ 2.S0000V 


+ 0.62S00V 
+ 0.62S00V 


+0.0003V 
+O.OOOISV 


+ O.OOOOV 
+ O.OOOOV 


anlc 
DASIlS3 


+9.99969V 
+ S.OOOOOV 
+ I.2S000V 
+O.0003V 
+O.OOOOV 


DIGITAL 
OUTPUT 
Binary Code 
DASIlS3 


III 
III 
III 
III 
III 
100 000 000 000 000 
00 I 000 000 000 000 
000 000 000 000 00 I 
000 000 000 000 000 


DAStt52 


II III 
III 
III 
III 
10 000 000 000 000 
00 100 000 000 000 
00 000 000 000 00 I 
00 000 000 000 000 


Analog Input 
± SV Range 
± IOV Range 


+4.99939V 
+9.99878V 


+ 2.S0000V 
+ S.OOOOV 


+O.OOO6IV 
+O.OOI22V 


+ O.OOOOOV 
+ O.OOOOOV 
- S.OOOOOV 
- 1O.00000V 


Digital 
Output 
Offset Binary Code 
Two's Complement 
Code 


II III 
III 
III 
III 
01 III 
III 
III 
III 
II 000 000 000 000 
0 I 000 000 000 000 
10 000 000 000 00 I 
00 000 000 000 001 
10 000 000 000 000 
00 000 000 000 000 
00 000 000 000 000 
10 000 000 000 000 


Analog 
Input 
±5VRange 
±lOVRange 


+4.99969V 
+9.99939V 


+ 2.50000V 
+ ~.OOOOV 
+0.0003V 
+O.OOO6IV 


+ O.OOOOOV 
+ O.OOOOOV 


- S.OOOOOV 
-IO.OOOOOV 


Diplal Oulp"1 
Offset Binary Code 
Two', Complement Code 


111111111 
111 111 
011 111 111 111 111 
110 000 000 000 000 
010 000 000 000 000 
100 000 000 000 001 
000 000 000 000 00 I 
100 000 000 000 000 
000 000 000 000 000 
000 000 000 000 000 
100 000 000 000 000 


TRI·STATE 
DIGITAL 
OUTPUT 
The ADC digital outputs are provided in parallel format to the 
output tri-state buffers. The output information can be applied 
to a data bus in either a one-byte or a two-byte format by using 
the HIGH BYTE ENABLE and LOW BYTE ENABLE 
terminals. If the tri-state feature is not required, 
normal digital 
outputs can be obtained by connecting the enable pins to 
ground. 


POWER SUPPLY AND GROUNDING 
CONNECTIONS 
Although the analog power ground and the digital ground are 
connected in the DAS1152/DAS1153, 
care must still be taken to 
provide proper grounding due to the high accuracy nature of 
these devices. Though only general guidelines can be given, 
grounding should be arranged in such a manner as to avoid 
ground loops and to minimize the coupling of voltage drops (on 
the high current carrying logic supply ground) to the sensitive 
analog circuit sections. Analog and digital grounds should 
remain separated on the PC board and terminated at the 
respective DAS1152/DAS1153 terminals. 


No power supply decoupling is required since, the DAS1152/ 
DAS1153, contain high quality tantalum capacitors on each of 
the power supply inputs to ground. 


IIlIIIIIII ANALOG 
WDEVICES 


I 


Low Power 14-Bit, 15 Bit & 16-Bit 
Sampling Analog-to-Digital Converters 


DASl157/DASl158/DASl159 
I 


FEATURES 
Complete 
with 
High Accurecy Semple/Hold 
end 
AID Converter 
Low Power Consumption: 
650mW mex. Va = :15V 
Reted Performence: 
-25"C 
to +85"C 
Low Nonlineerity 
IDAS1158 end DAS1159) 
Differentiel: 
:0.0015% 
FSR mex 
Integrel: 
:0.003% 
FSR mex 
Differentiel 
T.C.: :1ppml"C 
mex 
High Throughput 
Rete: 18kHz min 
Byte-Selectable 
Tri-8tate 
Buffered Outputs 
Internel Gein llt Offset Potentiometers 
Improved 
Second Source to AID/AIM-834 end 
AID/AIM·835 Modules 


APPUCATIONS 
Seismic Deta Acquisition 
Portable Reid Instrumentetion 
Autometed 
Test Equipment 
Process Control 
Deta Acquisition 
Medical Instrumentation 


GENERAL 
DESCRIPTION 
The DAS1l571DAS1l58/DAS1l59 
are 14-/15-/16-bit sampling 
analog-to-digital conveners. 
They are ideally suited for use in 
portable and remote data acquisition equipment 
where low 
power consumption 
(65OmW maximum) and wide temperature 
range ( - 25°C to + 850C rated performance) 
are required. 


DAS1l57/DAS1l581DAS1l59 
provide guaranteed high accuracy 
and high stability system performance 
essential to medical, 
analytical and process control equipment: 
differential nonlinearity 


of ±0.OOI5% max and integral nonlinearity of ±0.OO3% max 
(DAS1l58 
and DAS1l59); 
no missing codes guaranteed; 
gain 
T.e. 
of ±8ppmfOC max, zero T.e. 
of ±80 •.•.Vre 
max and 
differential nonlinearity T.e. 
of ± IppmfOe max. 


The wide dynamic range will enhance the performance 
of critical 


measurements in gas and liquid chromatography, 
blood analyzers, 


distributed 
data acquisition in factory automation and power 
generating equipment, 
and in automatic test equipment. 


ANAlOG{' 
INPUT 
2 


3 


REF 
OUT 


HI ENABLE 


:~: 
IIBIT 
16 (lSSI 
BIT 
2 
FOR DA51159 


BIT 
3 


BIT 
4 


BIT 
5 


BIT 
6 


BIT 
7 


LO 
ENABLE 


BIT 
8 
SIl 9 


BIT 
10 


BIT 
11 


BIT 
12 
BIT 
13 


BIT 
14 
ILS8 
FOR 
DA511571 


BIT 
15 
ILSB 
FOR 
DASllS1I 


+15V 
IANAlOG 
8t 
DIGITAL 
GNDS 


ARE 
CONNECTED 
INTEANALl 
VI 
------------- 


The DAS1l57IDAS1l58IDAS1l59 
make use of Analog Devices' 


proprietary 
CMOS technology to achieve low power operation, 
7 


while utilizing the latest integrated circuit and thin-film compo- 
nents to achieve the highest level of performance 
and reliability. 


As shown in Figure I, each device contains a precision samplelhold 
amplifier, high accuracy 14-/15-/16-bit analog-tCHligital convener, 
precision reference, CMOS tri-state output buffers (for direct 8- 
bit or 16-bit bus interface), user accessible gain and offset adjust 
potentiometers, 
and power supply bypass capacitors, 
all in a 
compact low profile 2" x 4" x 0.375" metal case package. No 
additional components are required for operation. 


OASl157IOASl158/0ASl159 -SPECIFICATIONS 
(typical @ +25°C, Vs = ±15V, Vo = +5V unless otherwise specified) 


MODEL 
DAS1l57 
DA$llS8 
DAS1l59 
OUTLINE 
DIMENSIONS 


RESOLUTION 
14Bils 
ISHils 
168its 
Dimensions shown in inches and (mm). 
DYNAMIC 
PERFORMANCE 


Throughput 
Rall~ 
18kHzmin 
Conversion 
Time 
SO", 
•••• 
rNOHCOMJOCTIW. 
lAUl 


SfH Acquisition 
Time 
S)l.smax 


~.=~- 
J3: 


MU 
S/H 
Aperture 
Delay 
1500s 
SlH Aperture 
Unccrtainty 
In, 


"",.~~-" 


f0-91 


Fecdthrough 
Rcjtttion 
I 
-9OdBmin 
LNOHCOI\IOUCTlVl 
HlAOVI 
U 015 f'.1MI'" 
Droop 
Rate 
O.OSjLV/JU,O. 
1)1.VlJ.Umax 
I 
GOLD"-ATlO 
(1IlIl-G-4SZlIoI1 
)._~-'I 
IT 
Dielectric 
Absorption 
Error 
~ 0.005% 
oflnput 
Voltage Change 
, 


ACCURACY 
I 


.OJI10l.1 ••••• 
h=,r,u,~ 
Integral 
Nonlinearilyl 
~O.OO5%FSRlmax 
±O.OO3%FSR'max 
.. 
MUALCASE--., 
Differential 
Nonlinearity· 
±O,OO3%FSR}max 
:!:O.OOIS%FSRlmax 
" 


~"0111.'1 


No Missing 
Codes 
Guaranteed 
.., 
t, t, 
:±:j.,SIII 
rn~ 
l:J~~ 


-15\1' 


:!: 3<JNoise(SiH 
plus AID) 
O.OO22%p-p(7Sf.l.V 
fms} 
A,.,.. GPW 


± 3a Noise (AID) 
0.0015% 
p-p(SO ••.V rms) 
, 
... 
-~, 
-~, 
-~, 


STABILITY 
.•.~ 


Differential 
Nonlinearity 
T.C. 
±2ppmI"Cmax 
± Ippml'"Cmax 
,. 
~~ 


GainT.C. 
±8ppm?Cmax 
.. 
s.'" IN 
LL 


" 
Ml CONTIIOI.. 


ZeroT.C. 
±30 •.•.VI'"Ctyp, 
±80 ••.VrCmax 
, 
u 
'" 
U 
HI E"""~E 
Conversion 
TimeT.C. 
±O.OS%rC 
". 
LO ENABLE 
.n 
,,~ 
Power Supply 
Sensilivity 
±O.OOI%FSRJ!%Vs 
, 
.n 
"' 
.n 
lIT 14tLMI 
Warm-Up 
Time 
l...css than I Minute 
, 


ANALOG 
INPUT 
'M"" 
--i 1--.1 12Soll GIIlO 


Voltage Range 
.::55=::::5l:!t:! 


Bipolar 
±SV,±IOV 
, 
, 


Unipolar4 
Oto+5V,Oto+IOV 


ADClnputlmpedance 
Oto +SV 
2.5kU 
, 
, 


OtO + 10V, ±SV 
5kI! 
, 
, 
ASSEMBLY INSTRUcnONS 


±IOV 
IOkI! 
, 
CAtrrION: 
This 
module 
is DO( an anbeddcd 
UIeIIlbly 
aDd is 


SIH Input 
Impedance 
IOOMnDSpF 
, 
, 
DOC bermctic:aIIy 
ac:aIcd. Do 
DOt 
lub;eu 
to I toIve:at 
Of"Wlta'-wub 


DIGITAL 
INPUTS 


proc:eu 
that 
would. aUow din:ct 
COQIaCt 
with 
free tiquids 
Of" 


AID TriggerS 
P",ili" Pu"'" N" •. Ed." Tri....... 
" 
, 
vapors. 
Entrapment 
of coot:ami.DaDu 
may occur, 
caUliaa 
pedo ••••••• 
dqndatioo 
ODd pcrmm<nt 
clamqe. 
buuII 
_ 
Logic Levels 
5VCMOSCompatibie 
.• 
any c1can1wash 
proccu 
aDd then 
only 
IpoI: clean 
by band. 


SJHControl 
SAMPLE 
= Logic 
I, ITLCompatible 
.• 
, 


Low Enable, 
High Enable6 
ENABLE 
= Logic 0, CMOSIITL 
Compatible 
.• 
, 


DIGITAL 
OUTPUTS 
pantlel 
Data Outputs 


Unipolar 
Binary 
, 
SecNote7 


Bipolar 
Offset Binary, 
2's Complement 
Sec Note 7 
OUtPUI Drive 
2TTLLoads 


End of Conversion 
Logic "I" 
During 
Conversion 
Output 
Drive 
2ITLLoads 


INTERNAL 
REFERENCE 
VOLTAGE 
+ 10V, ±0.3% 


External 
Load Current 
(Rated 
Performance) 
2mAmu 


POWER 
REQUIREMENTS 


Raled Voltages 
±l5V(±3%), 
+5V(±5%) 


OperatingVoltagesl•9 
± 12Vto 
± 17V, +4.75Vlo 
+ S.25V 
, 
, 


SupplyCurrenl 
Drain 
± ISV 
±I5mA 


+5V 
IOmA 
Total Power Consumption, 
Vs'" 
± ISV 
SOOmWtyp,6SOmWmax 
, 
, 


TEMPERATURE 
RANGE 
Rated Performance 
-2S"Cto 
+8S"C 


Operating 
-2S"Cto 
+85"C 
Storage 
-4Q"CIO 
+ lOO"C 


Relative 
Humidity 
Meels MIL-STD-202E, 
Method 
1038 


Shielding 
Electrostatic 
(RFI)6 
Sides 
, 


Electromagnetic(EMI) 
5 Sides 
, 


SIZE 
r)( 
4- x 0.37S· 
Metal Package 


NOTES 
·Specification~ $&J1leasDASllS7 


"Specification,s.ameasDASllSi 
IMeuuced in hold modc, input 20V pk-pk (I, 10kHz. 
ZWonl-else s.ummalion of SlH and AID nonlinearily erTOl'$. 
JFSR mana Full Scak Range. 
4Differmtial Nonlinanty 
in the 0 to + SV input ran,e ;, ~pecifM:d.•• 
!:O.OON Iypical for the OASIIS7, DASUSI and OASIIS9. 


~ben 
conl1C'Ctin,the Triger 
and the SIH control terminals 


tocether, tbe pulse width mu" be lon, enou,h for the SIH 
amplifier to Kquire tbe input u,na! to the required. KtUracy (SIlS 
min). If the AID converter only il used, thc Triger 
pulK width 


lhould be 1115min (see Fiaure 3). 


"Low Byte Enablc pin oonncclionl are Bitl 8 Ihrouah 
IS, High 
Bytc Enable pin oonncclionl are MSB, MSB or Bit 16 and 
Bitl2 throlllh 7. 
10ASllS9 unipolar codilll il provkled in a modif>edbinary fonnat 
(MSB complement) while bipolar codinl 
it; t1l"O'~compkmmt 


OIl1y.The MSB must be invened for binary .t>d O(fselbinary 
axl5. 
-when the SIH seclion is required, ~ V, mUll be al leul 
S volts 


morene,alivethanthem"'lnqativeana!OImpulvohlle{eumple: 
V~ _ 
!: 12V Oc, therefore, maximum analog nput il + 10 and 


-7V). 


~ecommended 
Powcr Supply: AnaJoa Device. Model 923. 
Speciru;a.tions,ubjecl tuctLan,e withoul noli« 


OPERATION 
For operation, 
the only connections necessary to the DASllS71 


DASllS8IDASllS9 
are the ± ISV and + SV power supplies, 
analog input signal, trigger pulse, and the HI-ENABLElLO- 
ENABLE tri-state controls. Analog input and digital output 
programming 
are user selectable via external jumper 
connections. 


Input voltage ranges are selectable via user pin programming: 
0 
to +SV,Oto 
+ JOV, ±SVand 
± 10V. Unipolar coding is provided 
in true binary format with bipolar coding displayed in offset 
binary and twO'Scomplement (DAS l1S7 and DAS l1S8). DAS IlS9 
unipolar coding is provided in a modified binary format (MSB 
complement) while bipolar coding is two's complement 
only. 


ANALOG 
INPUT 
SECTION 
The analog input can be applied to just the AID converter or to 
the internal samplelhold amplifier ahead of the AID converter. 
When using just the AID converter, apply the analog input per 
the voltage range pin programming 
shown in Table I. When 
using the samplelhold amplifier in conjunction with AID con- 
verter, apply the analog input to the SIH INPUT terminal and 
connect the SIH OUTPUT 
terminal to the appropriate AID 
converter analog input. 


Analog Voltage 
Connect 
Connect 
Connect 
Input 
V1N or SIH Out 
Analog Common 
Ref Out 
Range 
To 
To 
To 


010 + SV 
ANAINl, 
ANAIN2, 
Ground 
NC' 
ANAIN3 


Oto + JOV 
ANAIN2 
Ground 
NC' 
ANAIN3 
ANAINI 


±SV 
ANAINI 
Ground, 
ANAIN2 
ANAIN3 


±IOV 
ANAIN3 
Ground, 
ANAIN2 
ANAINI 


*NoConnection 


Table I. Analog 
Input 
Pin Programming 


r- ----- 
II 
I 
CONNECT 
I 
FOR 
IO=~N 
IIL 
_ 


14-/15·/1&. 


BIT 
AID 
CONVERTER 


Errors due to source loading are eliminated since the samplelhold 
amplifier is a high-impedance 
unity-gain amplifier. High feed- 


through rejection is provided for either single-channel or multi- 
channel applications. 
Feedthrough 
rejection can be optimized, 


in multichannel 
applications, 
by changing channels at the rising 
or falling edge of the SIH control pulse. 


TIMING 
DIAGRAM 
The timing diagram for the DASllS7IDASllS8IDASllS9 
is 
illustrated in Figure 3. This figure also includes the samplelhold 
amplifier acquisition time. 


If the samplelhold amplifier is required, 
the TRIGGER 
input 
and SIH CONTROL 
tenninal can be tied together providing 
only one conversion control signal. When the trigger pulse goes 
high, it places the samplelhold amplifier in the sample mode 
allowing it to acquire the present input signal. The trigger pulse 
must remain high for a minimum of S..,.sto insure accuracy. If 
the samplelhold amplifier is not used, the trigger pulse needs to 
be l..,.s (minimum) in length to satisfy the AID converter trigger 
requirements. 
At the falling edge of the trigger pulse, the sample! 
hold amplifier is placed in the hold mode, all internal logic is 
reset and the AID conversion begins. The conversion process 
can be retriggered at any time, including during conversion. 


With this negative edge of the trigger pulse, the MSB is set 
high with the remaining digital outputs set to logic low state, 
and the end of conversion is set high and remains high through 
the full conversion cycle. During conversion each bit, starting 
with the MSB, is sequentially switched high at the rising edge 
of the internal clock. The DAC output is then compared to the 
analog input and the bit decision is made. Each comparison 
lasts one clock cycle with the complete 14-/IS-/I6-bit 
conversion 
taking SO..,.smaximum. 
At this time, the end of conversion line 
goes low signifying that the conversion is complete. For micro- 
processor bus applications, 
the digital output can now be applied 
to the data bus by enabling the tri-state buffers. For maximum 
data throughput, 
the digital output data should be read while 
the samplelhold amplifier is acquiring the new analog input 
signal. 
• 


TRIGGER! n 
SlH 
CONTROL 
: 
_ 


INPUT 
+FS 3 : 


SIGNAL 
_ F: 
- =!:::::::::::::::::::::::::::::::::::::::::::::: 
I 


+FS~ 
SIH 
OUTPUT 
0 - 
-: 
----------- 
-FS -1------------ 


EOC--.J4==50~S 
MIfx~ 


NOTES 
~ 
,. 
Output 
Osts VsUd. 


• 
2. 
If SlH Control 
and 
Trigger 
are Tied Together. 


Pulse 
Width 
Must 
B. 5"'$ Min to Allow the 
SJH Amplifier 
to Acquire 
the 
Input 
Signal. 
If 
the 
ADC is Only 
Used. 
the 
Trigger 
Pulse 
Must 
Be l •.•.s Min. 


The DAS1157IDAS1158IDAS1159 
contain internal gain and 
offset adjustment 
potentiometers. 
Each potentiometer 
has ample 
adjustment 
range so that gain and offset errors can be trimmed 
to zero. 


Offset calibration is not affected by changes in gain calibration, 
and should be performed prior to gain calibration. Proper gain 
and offset calibration requires great care and the use of extremdy 
sensitive and accurate reference instruments. 
The voltage standard 
used as a signal source must be very stable and be capable of 
being set to within 
± 1I10LSB of the desired value at any point 
within its range. 


OFFSET 
CALIBRATION 
For a 0 to + 10V unipolar range, set the input voltage precisely 
to + 305,...Vfor the DAS1157, 
+ 153,...Vfor the DAS1158 and 
+ 76,...Vfor the DAS1159. For a 0 to + 5V unipolar range, set 
the input to + I53,...Vfor the DAS1157, + 76,...Vfor the DAS1158 
and + 38,...Vfor the DAS1159. Then adjust the zero potentiometer 
until the converter is just on the verge of switching from 
000 
000 to 000 
001 (DAS1157/DAS1158) 
or from 
100 
000 to 100 
001 (DAS1159). 


For the ± 5V bipolar range, set the input voltage precisely to 
+ 305,...Vfor the DAS1157, 
+ 153,...Vfor the DAS1158 and 
+ 76,...Vfor the DAS1159. For a ± 10V bipolar range, set the 
input voltage precisely to +610,...V for the DAS1157, 
+305,...V 
for the DAS1158 and + 153,...Vfor the DAS1159. Adjust the 
zero potentiometer 
until the offset binary coded units are just 
on the verge of switching from 000 
000 to 000 
001 
and the two's complement coded units are just on the verge of 
switching from 100 
000 to 100 
001. 


GAIN CALIBRATION 
Set the input voltage precisely to +9.99909V 
(DAS1157)/ 


+9.99954V 
(DASI158)1+9.99977V 
(DAS1159) for the 0 to 


+ 10V units, 
+4.99954V 
(DAS1157)/+4.99977V 
(DAS1158)/ 


+4.99989V 
(DAS1159) for 0 to + 5V units, 
+9.99817V 


(DAS1157)/+9.99909V 
(DAS1158)/+9.99954V 
(DAS1159) for 
± 10V units, or + 4.99909V (DAS1157)/ +4.99954V 
(DAS1158)/ 


+4.99977V 
(DAS1159) for ±5V units. Note that these values 
are I 1I2LSBs less than nominal full scale. Adjust the gain 
potentiometer 
until binary and offset binary coded units are just 


on the verge of switching from 11.. ... 10 to 11.. ... 11 or modified 
binary and two's complement coded units are just on the verge 
of switching from 011.. ... 10 to 011.. ... 11. 


DAS1157IDAS1l58IDAS1l59 
INPUT/OUTPUT 
RELATIONSHIPS 
The DAS1157/DAS1158 produces a true binary coded output 
when configured as a unipolar device. Configured as a bipolar 
device, it can produce either offset binary or two's complement 
output codes. The most significant bit (MSB) is used to obtain 
the binary and offset binary codes while (MSB) is used to obtain 
two's complement coding. The DAS1159 produces a modified 
binary coded output when configured as a unipolar device. 
Configured as a bipolar device it can only produce two's com- 
plement output codes. The DAS1159 uses MSB to obtain the 
modified binary and two's complement output codes; the DASI159 
does not have an MSB output. 
Table II shows the DAS1l571 


DAS1158IDAS1159 unipolar analog input/digital output re- 
lationships. Table III shows the DAS1157IDAS1158IDAS1159 
bipolar analog input/digital output relationships. 


Unipolar Input Voltqes 


Analog Input 
Digital Output 


Oto+5VRangc 
Oto+lOVRangc 


DAS1157 
+4.99969V 
+O.OOOOOV 


DAS1158 
+4.99985V 
+O.OOOOOV 


DAS1159 
+4.99992V 
+O.OOOOOV 


±SVRaaae 


DAS1l57 
+4.99939V 
+o.ooooov 
-5.00000V 


DAS1l5S 
+".99969V 
+O.OCIOOOV 
-5.00000V 


DAS1l59 
+4.9998SV 
+o.ooooov 
-5.00000V 


+9.99939V 
+O.OOOOOV 


Binary Code 
11 llli 
1111 1111 
00ססooססooססoo 


+9.99969V 
+O.OOOOOV 


Binary Code 
III 
1111 1111 1111 
000ססooססooססoo 


Modified Binary Code 
Olll 
llli 
1111 llli 
1000ססooססooססoo 
+9.99985V 
+O.OOOOOV 


+9.99878V 
+o.ooooov 
-IO.OOOOOV 


11 
1111 
1111 
1111 
10ססooססooססoo 
00ססooססooססoo 


01 
1111 
1111 
1111 
00ססooססooססoo 
10ססooססooססoo 


+9.99939V 
+o.ooooov 
-1O.00000V 


III 
1111 1111 1111 
100ססooססooססoo 
000ססooססooססoo 


011 
1111 
1111 
1111 
000ססooססooססoo 
100ססooססooססoo 


+9.99969V 
+o.ooooov 
-IO.OOOOOV 


0111 
1111 
1111 
1111 
ססooססooססooססoo 
1000ססooססooססoo 


TRI-STATE 
DIGITAL 
OUTPUT 
The ADC digital outputs are provided in parallel format to the 
output tn-state buffers. The output iuformation can be applied 
to a data bus in either a one-byte or a two-byte format by using 
the HIGH BYTE ENABLE and LOW BYTE ENABLE terminals. 
If the tn-state feature is not required, normal digital outputs 
can be obtained by connecting the enable pins to ground. 


POWER SUPPLY 
AND GROUNDING 
CONNECTIONS 
No power supply decoupling is required since the DAS1157/ 
DAS1158/DAS1159 contain high quality tantalum capacitors on 
each of the power supply inputs to ground. 


The analog and digital grounds are internally connected in the 
DAS11571DAS11581DAS1159. But in many applications, an 
external connection between the digital ground pin and analog 
ground pin is advisable for optimum performance. 


DIGITAL 


POWER 
SUPPLY 
COMMON 


STAR-POINT 
OF 
DIGITAL GROUNDS 
STAR·POINT 
OF 
, 
, 
ANAlOGGROUNOS 
. 
. 
:~:b~~~ 
~~~~~ 
1 
I 
1 
I 
DASl157/DASl158/DAS1159 
I 
1 
I 
\ 
J 


ANALOG 
POWER 
SUPPlY 
COMMON 


Figure 4. 
Typical 
Ground 
Layout 
for DAS11571DAS11581 


DAS1159 
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~ Selection Tree 
l> 
~ Analog I/O Ports 
a 
C) 
---------------------------------------------- 


C§ 


~ 
(;1 


AD7569 
(CompletelParallel 
Interface) 
AD7669 
(Complete/2 
DACslParallel 
Int) 
AD7769 
(2 Ch ADC/2 DACslParallel 
Int) 


AD7868 
(Complete/Serial 
Interface) 


AD7869 
(Complete/Serial 
Interface) 


AD7774 
(4 Ch ADC/3 DACs) 


10-BitADC 


AD7773 
(Complete 
Embedded 
Servo) 
AD7775 
(Complete 
Embedded 
Servo) 


Digital 
Mobile 
Radio 


AD7001 
(European 
GSM Baseband 
I/O) 
AD7002 
(European 
GSM Baseband 
I/O) 
AD7005 
(No. Amer TIA Baseband 
I/O) 


DSP Peripheral 


AD28mspOl 
(High Perf Modem 
Front End) 
AD28msp02 
(Voiceband 
Linear 
Coded 


Selection Guide 
Complete Analog I/O Ports 


General Purpose 


SHABW 
Settling 
Resolution 
Conv Time 
kHz 
Time 
Ref. Volt 
Bus 
Package 
Temp 
Model 
Bits 
max /1S 
typ 
/1S 
Int/Ext 
Interface 
Options I 
Range' 
Page 
Comments 


AD7569 
8 
2 
500 
Int 
8, /1P 
2,3,4,5,6 
C,I,M 
C U 8-7 
CMOS, Complete 
110 Port with 
DAC, ADC, SHA, Amps and 
Reference 
AD7669 
8 
2 
500 
Int 
8, /1P 
2,5,6 
C,I,M 
C U 8-7 
CMOS, Complete 
110 Port with 


2 DACs, ADC, SHA, Amps, and 
Reference 


AD7769 
8 
3 
500 
2.5 
Ext 
8, /1P 
2,5 
C 
C 118-27 
CMOS, Two-Channel 
ADClDAC 
with Output Amplifiers 


*AD7868 
12 
10 
500 
3 
+3 V, Int 
Serial, /1P 
2,3,6 
I,M 
C 118-79 
CMOS, Complete 
110 Port with 
12·Bit ADC and 12-Bit DAC 
*AD7869 
14 
10 
500 
3.5 
+3 V, Int 
Serial, /1P 
2,3,6 
C,I,M 
C 118-95 
CMOS, Complete 
110 Port with 
14-Bit ADC and 14-Bit DAC 


Disk Drive Servo 


ADC 
DACs 
Settling 
Resolution 
Conv Time 
Resolution 
Time 
Ref.Volt 
Bus 
Package 
Temp 
Model 
Bits 
max /1S 
Bits 
115 
Int/Ext 
Interface 
Optionsl 
Range' 
Page 
Comments 


*AD7774 
8 
3 
8 
4 
Int/Ext 
8,/1P 
2,5 
C 
C 118-43 
CMOS, 110 Port with 4-Channel, 8-Bit ADC, 


11 
8 
l1·Bit and Two 8-Bit DACs 
*AD7773 
10 
3 
8 
3 
2.1 V, Int 
10, /1P 
6 
C 
C 118-63 
Complete Embedded Servo Front End for Hard 
10 
4 
Disk Drive with Separate Address and Data Pins 
*AD7775 
10 
3 
8 
3 
2.1 V, Int 
10, /1P 
6 
C 
C 118-43 
Same as the AD7773 Except with Multiplexed 
10 
4 
AddresslData 
Bus 


'Package Options: I = Hermelic DIP, Cerantic or Melal; 2 ~ Plastic or Epoxy Sealed DIP; 3 ~ Cerdip; 4 ~ Cerantic Leadless Chip Carrier; 5 = PlaSlic Leaded Chip Carrier; 6 = Small Oudine "SOIC' 
Package; 


7 = Hermetic Metal Can; 8 = Hermetic Melal Can DIP; 9 = Cerantic Flalpack; 10 ~ Plastic Quad Flalpack; II = Single-In-Line "SIP" Package; 12 = Cerantic Leaded Chip Carrier; 13 = Nonhermetic Ceramid 
Glass DIP; 14 = I-Leaded Ceramic Package; IS ~ Cerantic Pin Grid Array; 16 = TO-n. 
'Temperarure Ranges: C ~ Commercial, 0 to +70·C; I = Industrial, -4Q·C to +8SOC(Some older products -2S·C to +8SOC);M = Military, -SSOC to + 12SOC. 


l> 
Boldface type: Product recommended for new design. 


~ 
*New product since the publication of the most recent Databooks . 
...o 
C) 


C§ 


~ 
Ul 
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Selection Guide 
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Communications 


DACIADC 
Resolution 
Bits 


10/8 
10/12 


DACIADC 
SNR + THD 
dB 


56/44 
-/62 


Model 


*AD7001 
*AD7002 


Through- 
put 
Ref. Volt 
Bus 
Package 
Temp 
kSPS 
lntlExt 
lntetface 
Options' 
Range' 
Page 
Comments 


2170 
2.5 V, lnt 
10, 8 Serial, •.•.p 
10 
C' 
C I 4-47 
GSM Baseband I/O Port 
4333 (DAC) 
2.5 V, lnt 
Serial, •.•.p 
10 
C' 
C I 4-59 
GSM Baseband I/O Port with 
541.7 (ADC) 
On-Board GMSK Modulator 
97.2 (DAC) 
2.3 V, lnt 
Serial, •.•.p 
10 
C' 
C I 4-75 
TIA Baseband I/O Port 
194.4(ADC) 
8 
2.5 V, Int 
Serial, •.•.p 
6 
C 
C I 4-25 
Complete Voice Band Linear Codec 
with On-Chip Filtering 
7.2/8.0/9.6 
2.5 V, lnt 
Serial, •.•.p 
6 
C 
C I 4-9 
Complete Analog Front End for High 
Petformance 
DSP-Based Modems 


'Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramid 
Glass DIP; 14 = J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = TO-n. 
'Temperature Ranges: C = Commercial, 0 to +70'C; I = Industrial, -40'C 
to + 85'C (Some older products -25'C 
to +85'C); M = Military, -55'C 
to + 125'C. 


'Operates to - 25'C. 
*Boldface type: Product recommended for new design. 
*New product since the publication of the most recent Databooks. 


Orientation 
Analog I/O Ports 


Analog 110 Port products represent one of the highest levels of 
integration and functionality available in an IC package. These 
devices usually consist of the following functional blocks: 


• single or multiple channel ADC 
• one or more voltage output DACs with varying resolution 
• sample-and-hold 
amplifiers 
• one or more voltage references for both the DACs and ADC 
• analog and/or digital ftlters 
• associated control logic for easy I1P interfacing. 


This high level of integration on a chip has several distinct ad- 
vantages over a multipackage solution. The ability to perform 
several functions on one chip lowers a systems chip count, 
thereby decreasing a system's real estate requirements 
while in- 
creasing its reliability. These devices, consisting of the various 
functional blocks, are fully specified, thus allowing for more 
predictable performance characteristics over the full operating 
range. The inherent cost savings due to a lower chip count as 
well as to lower R&D expenditures make Analog 110 Port de- 
vices an attractive solution for many data acquisition and distri- 
bution applications. 


Our product portfolio for these devices can be subdivided into 
the following three subcategories: General Purpose, Disk Drive/ 
Servo, and Communications. 
Some Analog 110 Ports are in- 
tended for specific industry applications but should not be con- 
sidered to be limited to only those applications. General Purpose 
110 Ports have a wide range of applications which include: 


• digital signal processing 
• speech recognition and synthesis 
• spectrum analysis 
• high speed modems 
• servo control 
• infinite sample and hold 
• analog delay line 
• peak detection. 


These General Purpose 110 Ports are fully specified for dynamic 
parameters such as signal-to-noise ratio and harmonic distortion 
as well as traditional dc specifications. 


Our Disk Drive/Servo category contains products which span 
the complete range of disk diameters and capabilities. Products 
such as the AD7773 and AD7775 contain all the circuitry to im- 
plement the demodulation 
and signal conversion in embedded 
servo systems. Both devices consist of a differential amplifier 
front end, a rectifier/integrator, 
a IO-bit sampling ADC and an 
8- and IO-bit DAC. The AD7775 uses a multiplexed address! 
data bus with an ALE input latch to latch the address while the 
AD7773 uses a IO-bit data port with separate address pins. 


The Communication 
110 Port products integrate much of the 
functional blocks required in various communications 
applica- 
tions onto a single chip. The AD28mspOl and the AD28msp02 
are linear codecs that provide a complete front end for high per- 
formance modem and voiceband DSP applications, while the 
AD700l/02/05 
are three products designed for the Pan-American 


(GSM) and American Digital Cellular Telephone systems. 


DEFINITION 
OF SPECIFICATIONS 
The specifications pertaining to these Analog 110 Port products 
are similar to those used in evaluating ADCs and DACs. 


• 


-,ANALOG 
WDEVICES 


I 


FEATURES 
2f'.S ADC with Track/Hold 
1f'.S DAC with Output Amplifier 
AD7569, Single DAC Output 
AD7669, Dual DAC Output 
On-Chip Bandgap Reference 
Fast Bus Interface 
Single or Dual 5V Supplies 


GENERAL DESCRIPTION 
The AD7569/AD7669 
is a complete, 8-bit, analog I/O system on 
a single monolithic chip. The AD7569 contains a high speed 
successive approximation 
ADC with 2f.1.sconversion time, a 
tracklhold with 200kHz bandwidth, 
a DAC and output buffer 
amplifier with If.l.ssettling time. A temperature-compensated 
1.25V bandgap reference provides a precision reference voltage 
for the ADC and the DAC. The AD7669 is similar but contains 
two DACs with output buffer amplifiers. 


A choice of analog input/output 
ranges is available. Using a 
supply voltage of + 5V, input and output ranges of zero to 
1.25V and zero to 2.5 volts may be programmed using the RANGE 
input pin. Using a ± 5V supply, bipolar ranges of ± 1.25V or 
±2.5V may be programmed. 


Digital interfacing is via an 8-bit I/O port and standard micro- 
processor control lines. Bus interface timing is extremely fast, 
allowing easy connection to all popular 8-bit microprocessors. 
A 
separate start conven line controls the tracklhold and ADC to 
give precise control of the sampling period. 


The AD7569/AD7669 is fabricated in Linear-Compatible 
CMOS 


(LC2MOS), an advanced, mixed technology process combining 
precision bipolar circuits with low power CMOS logic. The 
AD7569 is packaged in a 24-pin, 0.3" wide "skinny" 
DIP, a 24- 


terminal SOIC and 28-tenninal 
PLCC and LCCC packages. The 
AD7669 is available in a 28-pin, 0.6" plastic DIP, 28-terminal 
SOIC, and 28-tenninal 
PLCC package. 


LC2MOS 
Complete, a-Bit Analog I/O System 


AD7569/AD7669 
I 


• 


PRODUCT 
HIGHLIGHTS 
I. Complete Analog I/O on a Single Chip. 


The AD7569/AD7669 
provides everything necessary to 
interface a microprocessor 
to the analog world. No external 
components or user trims are required, 
and the overall 
accuracy of the system is tightly specified, eliminating the 
need to calculate error budgets from individual component 
specifications. 


2. Dynamic Specifications for DSP Users. 


In addition to the traditional ADC and DAC specifications 
the AD7569/AD7669 is specified for AC parameters, including 
signal-to-noise ratio, distortion and input bandwidth. 


3. Fast Microprocessor 
Interface. 


The AD75691AD7669 has bus interface timing compatible 
with all modern microprocessors, with bus access and relinquish 
times less than 75ns and Write pulse width less than 80ns. 


AD7569/AD7668-DAC 
SPECIFICATIONS' 


(You = + 5V ± 5%; Vss 


2 = RANGE = AGNDDAC = AGNDADC = DGND = DV; lit = 2kn, CL = 1OOpFto AGNDDAC unless otherwise stated. 
All specifications T••• to Tmax unless otherwise stated.) 


AD7569 
J.AVeniouJ 


AD7669 
AD7569 
AD7569 
AD7569 
Parameter 
JVersioa 
K,BVenioas 
SVersioa 
TVcnioa 
UaiU 
CooditioDtiCoaunt:ntl 


STATIC 
PERFORMANCE 
Resolution· 
8 
8 
8 
8 
Bits 


Total 
UnadjustcdErrorS 
~2 
~2 
~3 
~3 
LSBtyp 


Relative 
Accuncy5 
~I 
=112 
~I 
~112 
LSBma>< 
DiIf..."tial 
Nonlinearity' 
~1 
~314 
~1 
. ~314 
LSBma>< 
Guaranteed 
MonOloruc 


UnipolarOffscl 
Error 
DACdltaisaUOsj 
Vss·OV 


@25"C 
~2 
~1.5 
~2 
~1.5 
LSBmax 
Typicaltempcois 
IOJLVrcfor + 1.2SVrange 
T••••••IOT•••••• 
~2.5 
~2 
~2.5 
~2 
LSBmax 
Bipolar 
Zero 
Offset 
Error 
DACdata 
is all Os; Vss "" -5V 


@2S"C 
~2 
~1.5 
~2 
~1.5 
LSBmax 
Typical 
tcmpcois 
2O)LVfOC 
for = 1.25Vrangc 
TmintoT •••••• 
~2.5 
~2 
~2.5 
~2 
LSBmax 
FuU·Scalc 
Error' 
(AD7S69 
Only) 
Voo",SV 


@25"C 
~2 
~l 
~2 
~I 
LSBmax 


TrniftlOT 
•••••• 
~3 
~2 
~4 
~3 
LSBmax 
Full-Scale 
Error' 
(AD7669 
Only) 
VOD""SV 


@25"C 
~3 
LSBmax 
TminlOTmn; 
~4.5 
LSBmax 
DACAlDACB 
Full 
Scale Error 
Match' 


(AD7669 
Only) 
~2.5 
LSBmax 
Voo::SV 
AFull 
Scalel6. VOD, T A = 25°C 
0.5 
0.5 
0.5 
0.5 
LSBmax 
VOUT:: 
2.5VjAVOD 
"" 
:!:5% 


.6FuIlScalelAVss. 
T .••= 25"C 
0.5 
0.5 
0.5 
0.5 
LSBmax 
VOUT'" -2.5V;AVss;; 
:!:S% 
Load 
Regulation 
at Full Scale 
0.2 
0.2 
0.2 
0.2 
LSBmax 
RL= 2kOto OlC 


DYNAMIC 
PERFORMANCE 
Signal-ta-Noise 
Ratio$ 
(SNR) 
44 
46 
44 
46 
dBmin 
VOUT = 20kHz 
full-scale 
sine wave with 
fSAMPLING = 400kHz 
Total 
Hannonic 
Distortions 
(THD) 
48 
48 
48 
48 
dBmax 
VOUT = 20kHz 
full-scale 
sine wave with fSAMPLING = 400kHz 
Imennodulation 
Distortions 
(IMD) 
55 
55 
55 
55 
dBtyp 
fa= 
18.4kHz,fb:IE 
14.SkHzwith 
fSAMPLING = 400kHz 


ANALOG 
OUTPUT 
Output 
Voltage 
Ranges 
Unipolar 
Oto + 1.2S/2.5 
Volts 
Voo'" 
+SV, 
Vss=OV 
Bipolar 
= 1.2S/ ..•.2.S 
Volts 
Voo'" 
+SV,Vss• 
-SV 


LOGIC 
INPUTS 
CS, AiB. WK, RANGE. 
RESET. 
DBO - DB7 
InputLowVol(l~, 
V1NL 
0.8 
0.8 
0.8 
0.8 
Vma>< 
Input 
High 
Voh~. 
VINH 
2.4 
2.4 
2.4 
2.4 
Vmin 


Input 
Leakage 
Currem 
10 
10 
10 
10 
""ma>< 
V1N"'0 
toVoo 
Input 
Capacitance' 
10 
10 
10 
10 
pFma>< 
DBO-DB7 
Input 
Coding(Single 
Supply) 
Binary 


Input 
Coding 
(Dual 
Supply) 
2sCompiement 


ACCHARACTERISTICS' 
Voltage 
Output 
Settling 
Time 
Setdingtimelowithin:t: 
112LSBofftnalvalue 
Positive 
Full-Scale 
Change 
2 
2 
2 
2 
".mu 
TypK:allyl~ 
Negative 
Full-Scale 
Change 
(Single 
Supply) 
4 
4 
4 
4 
,,'ma>< 
Typically2~s 
Negative 
Full·ScaIe 
Change 
(Dual 
Supply) 
2 
2 
2 
2 
",mu 
Typteally 
lJU 
Digital-ta-Analog 
Glitch 
ImpulseS 
IS 
15 
IS 
IS 
nY.sec:styp 


D;,itd 
Fecdthrough' 
I 
1 
I 
I 
nVsecstyp 


VtN to VOUT Isolation 
60 
60 
60 
60 
dBtyp 
VIN= 
:t:2.SV.SOkHzSineWave 
DAC 
to DACCrosstalks 
(AD7669 
Only) 
I 
nVsecstyp 


DACA 
to DACB 
IsolationS 
(AD7669 
Only) 
-70 
dBma>< 


POWER 
REQUIREMENTS 
VooRange 
4.75/5.25 
4.75/5.25 
4.75/5.25 
4.75/5.25 
VminfVrnu: 
For Specified 
Performance 
V •.• Rang< 
(Dual 
Supplies) 
-4.75/-5.25 
-4.75/- 
5.25 
-4.7S/-S.2S 
- 4.75/- 
5.25 
VminlVmu: 
Specified 
Perforrnana: 
also applies 
to V ss '" OV 
for unipolar 
ranges. 


100 
Vom 
= VIN'" 
2.SV; 
Locic 
Inputs 
= 2.4Vj 
CLK 
= O.8V 
(AD7569) 
13 
13 
13 
13 
mAma>< 
Output 
unloaded 


(A01669) 
18 
mAma>< 
Outputs 
unlOMIed 


I•.• (Dual 
Soppl;") 
VOUT=VIN= 
-2.SV; 
LogicInputs=2.4VjCLK=O.8V 
(A01569) 
4 
4 
4 
4 
mAma>< 
Output 
unloaded 


(A01669) 
6 
mAma>< 
Outputs 
unloeded 


DAClADCMATCHING 


Gain 
Matchiog' 
VINto 
VomIDau:hwith 
VtN "" :t:2.SV, 


@25"C 
1 
1 
1 
I 
%typ 
20kHz 
sine wave 
TmintoTmu 
1 
I 
1 
1 
%<yp 


NOTES 
·SpeciflClotions 
apply 
to both 
DACs 
in the AD7669. 
VQUT applies 
to both 
VomA 
aDd VoUTB of the AD1669. 
JEzcepc: where 
noted, 
speciflClotioDl 
spply 
for all output 
rua:a 
includins 
bipolar 
ranaes 
with 
duallUppty 
opcntion. 
'Temperature 
ruses 
ate u 
follows: J. K veniom; 
0 to 
+ 70-<: 
A, B vcnions; 
- 2S-c 
to + IS"C 
S, T vcnioos; 
- 55-c 
to + 125"C 


4ILSB 
•• 4.88mV 
for 0 to + 1.25V output 
nDIC, 
9.76mV 
(or 0 to 
+2.SV 
aDd ± 1.2SV ruaa 
aDd I9.SmV 
(or 
±Z.SV 
nDIC. 
SSec TcrminoJoIy. 


6tDcludcs 
intenl&l 
volfale 
rd"tteDC:C error 
aDd is cakulated 
after 
offict 
CII'OI' bas beaI 
adjusted 
out. 
Ideal 
uaipolat 
fuU«aJc 
voltaIC 
is (FS - 
ILSB); 
ideal 
bipolar 
poIitive 
fuIl·scaJe 
voltaIC 
is (FS/2 
- 
ILSB) 
and ideal bipolar 
Deprive 
full-scale 
vohaae 
is - FS/2. 


'Sample 
tated 
at 2S-c 
to CDlutt 
compliaDc.e. 


SpecifICations 
subjcc1: to cbaaac 
without 
ootioe. 


ADC SPECIFICATIONS 


(Villi = +5Y ± 5%; Vss 
1 = RANGE= AGNDIlAC= AGNDMlC = DGND= DV;fClJ(= 5MHz external unless otherwise stated. 
All specifications T••• to Tmax unless otherwise stated.) Specifications apply to Mode 1 interface. 


AD7569 
J,A. VenioaIJ: 
AD7669 
AD7569 
AD7569 
AD7569 
••....•... 
JVcnioa 
K,BVenio 
••• 
SVeniOD 
TVenio. 
Uain 
CoDditioaalCommeDts 


OCACCURACY 
RaoIutionl 
8 
8 
8 
8 
Bits 
Tow Uoadjulted 
Enor· 
±3 
±3 
±. 
±. 
LSB<yp 
Relative 
Accuracy4 
±I 
:1/2 
±I 
± 112 
LSBmax 
Differential 
Nonlinearity" 
±I 
±3I. 
±I 
±31. 
LSBmu 
No Missing 
Codes 


Unipolar 
Offset 
Error 
Typica1tcmpcois 
l0foLVrcCor 
+ 1.2SVraDFi 
Vss=OV 


@25'C 
±2 
± 1.5 
±2 
±1.5 
LSBmu 


Tllli.atoT-... 
±3 
±2.5 
±3 
±2.5 
LSB •••• 


Bipolar 
ZeroOfflet 
Error 
Typica1tempcois20~Vrcfor 
±1.2SVnngc;Vss= 
-5V 


@25'C 
±3 
±2.5 
±3 
±2.5 
LSB •••• 


TlIIlUltoT-... 
±3.5 
±3 
±. 
±3.5 
LSB •••• 
FulI·Scale 
Enor' 
Voo:SV 


@25'C 
-4, +0 
-4, +0 
-4, +0 
-4, +0 
LSB •••• 


TrninlOT 
••••.• 
-5.5, +1.5 
-5.5, + 1:5 
-7.5.+2 
-7.S, +2 
LSBmax 
6FullScaleJ6VDD, 
T. =25'C 
0.5 
0.5 
0.5 
0.5 
LSB •••• 
VIN = +2.5V;.6.VOD 
= ±S% 


.6.FuUSaJcI.6.Vss• 
T •••= 2S-C 
0.5 
0.5 
0.5 
0.5 
LSBmax 
VIN = -2.5V;6Vss 
= ±5% 


DYNAMIC PERFORMANCE 
Signal·t~Noise 
Ratio· 
(SNR) 
•• 
~ 
•• 
.5 
dBmin 
V1N = 100kHz 
fuU-sca1e sine wave wilh 
fSAMPLINO =400kHz6 


Total 
Harmonic 
Distortion· 
(THD) 
~ 
.8 
.8 
~ 
dB •••• 
V1N = 100kHz 
full-scalc 
sine wavewithfsAMPUNG::-4OOkHz' 


IntermoduJation 
Distonioo4 
(IMD) 
60 
60 
60 
60 
dB<yp 
f.= 99kHz, 
fb:::::96.7kHz 
with fSAMPUNG:: 
400kHz 
Frequency 
Rc:aponae 
0.1 
0.1 
0.1 
0.1 
dB<yp 
VIN= 
:::2.SV,dcto200kHzsincwave 


TrackJHold 
Acquisition 
Time? 
200 
200 
300 
300 
nstyp 


ANALOG INPUT 
Input 
Voltage 
Ranges 
Unipolar 
OtO + 1.251+2.5 
Volts 
Voo= 
+SV;Vss=OV 
Bipolar 
± 1.251±2.5 
Volts 
Voo= 
+SV;Vss= 
-SV 
InputCurrcnt 
±3OO 
±3OO 
±3OO 
±3oo 
.......... 
See equivaJent 
circuit 
Fig. 
S 


Input 
Capacitance 
10 
10 
10 
10 
pFtyp 


LOGIC INPUTS 
~,IlI'5,ST,CLK,~,RANGE 
Input 
Low 
Voltage. 
VtNL 
0.8 
0.8 
0.8 
0.8 
V•••• 
Input 
High 
Voltage. 
VtNH 
2.• 
2.• 
2.• 
2A 
Vmin 


~~lfj,~~~~,1illET 
10 
10 
10 
10 
pF •••• 


Input 
Leakage 
Current 
10 
10 
10 
10 
~A •••• 
VtN=OtoVoo 
CLK 
InputCurrcnt 
IINL 
-1.6 
-1.6 
-1.6 
-1.6 
mA •••• 
VtN=OV 
IINH 
~ 
~ 
~ 
~ 
.......... 
VtN=Voo 


LOGIC OUTPUTS 
DRO-DB7,lNT,BmY 
VOL. Output 
Low Voltage 
0.• 
0.• 
0.• 
0.• 
V•••• 
IstNlC = 1.6m.A 


VoH.Output 
High 
Voltage 
4.0 
•. 0 
•. 0 
•. 0 
Vmin 
IsoUllCE:E 
200JAA 
DRO-DB7 
F1Ol1UnB State 
I...eakqc 
Current 
10 
10 
10 
10 
.......... 


F1Ol1tinB State 
Output 
Capacitance' 
10 
10 
10 
10 
pF •••• 
Ou,,,,,, Codina (Sinak Supply) 
Bmuy 


Output 
CodinB 
(Dual 
Supply) 
2s Complement 


CONVERSION TIME 
With 
External 
Clock 
2 
2 
2 
2 
...•.... 
fcLIC= 5MHz 
With 
Imernal 
Clock. 
T A = 2SOC 
1.6 
1.6 
1.6 
1.6 
••.•min 
UsinB rc:commendedc1oc:kcomponc:nts 
shown 
in Fig • 
2.6 
2.6 
2.6 
2.6 
...•.... 
we 21. Clock 
frequency 
can be adjusted 
by YVYinI ReLIC. 


POWER REQUIREMENTS 
As per DAC 
SpecifICations 
• 


NOTES 
'Except 
where 
noted, 
spcciflCltions 
apply 
for all ranaes 
iDcludins 
bipolar 
ranaes 
with 
dualsuppty 
opentioa. 
!Temperature 
ranaes 
are u 
follows: 
J. 1C.versions; 
0 to + 7O"C 


A. B versions; 
-25OC 
to +85OC 
S. T versions; 
- 550C to + 1250C 
JILSB_4.88mV 
for 0 to + 1.25V 
ranae. 
9.76mV 
for 0 to +2.5V 
and. ± 1.25V raoaa 
and 
19.5mV 
for 
±2.5V 
ranae:. 


4See TermiDoIocY. 
slnc:ludes 
internal 
voltage 
rd"c:rcna 
cnor 
and. is cakulated 
after 
otrltt 
error 
bu 
been 
adjusted 
out. 
Ideal 
unipolar 
last code 
transition 
occurs 
at (FS - 312LSB); 
Ideal 
bipolar 
last code truWtion 
occurs 
at (FSl2 
- 312LSB). 
'Euct 
frequencies 
are 
101kHz 
and 384kHz 
to avoid 
harmonics 
coincidina 
with 
umpw., 
frcqucocy. 


lRisin1 
cdF 
of BUSYto 
fallins 
cdsc 
of ST. The 
time 
liven 
men 
to the KXluisitioo 
time 
which 
livcs 
a 3dB 
dqndation 
in SNR 
from 
the tCited 
ftpre. 
sSample 
tCited 
at 250C 10 ensure 
compliance. 


SpecifICations 
subject 
to cbanat: 
without 
notice. 


_. 


DACTiming 
t, 
80 
80 
90 
nsmin 
WR Pulse Width 
t2 
0 
0 
0 
nsmin 
CS, AlB to WR Setup Time 
t3 
0 
0 
0 
nsmin 
CS, AlB to WR Hold Time 


I.< 
60 
70 
80 
nsmin 
Data Valid to WR Setup Time 
ts 
10 
10 
10 
nsmin 
Data Valid to WR Hold Time 


ADCTiming 
~ 
50 
50 
50 
nsmin 
ST Pulse Width 
t7 
110 
130 
150 
nsmax 
ST to BUSY Delay 
t8 
20 
30 
30 
nsmax 
BUSY to INT Delay 
t9 
0 
0 
0 
nsmin 
BUSYtoCSDeiay 
tlO 
0 
0 
0 
nsmin 
CS to RD Setup Time 
tll 
60 
75 
90 
nsmin 
RD Pulse Width. Determined by tll' 


t'2 
0 
0 
0 
nsmin 
CS to RD Hold Time 
tll 2 
60 
75 
90 
nsmax 
Data Access Time after RD; CL = 20pF 
95 
120 
135 
nsmax 
Data Access Time after RD; CL = 100pF 
t,. 3 
10 
10 
10 
nsmin 
Bus Relinquish Time after RD 
60 
75 
85 
nsmax 
t,S 
65 
75 
85 
nsmax 
RD to INT Delay 
t'6 
120 
140 
160 
nsmax 
RD to BUSY Delay 
t'7 2 
60 
75 
90 
nsmax 
Data Valid Time after BUSY; CL = 2QpF 
90 
115 
135 
nsmax 
Data Valid Time after BUSY; CL = 100pF 


NOTES 
ISamplc 
tested 
at + 250C to ensure 
compliance. 
All input 
control 
signals 
are specified 
with 
tR = IF = 50S (10% to 90% of + SV) and timed 
from a voltage 
level of 1.6V. 


l(U 
and 
[17 are measured 
with 
the load circuits 
of Figure 
1 and defined 
as the time required 
for an output 
to cross either 
a.8V or l.4V. 


)[104 
is defined 
as the time required 
for the data line to change 
O.5V when 
loaded 
with the circuit 
of Figure 
2. 


Specifications 
subject 
to change 
without 
notice. 


OO.-:rF 


DGND 


a. High-Z to VOH -* 
Cl 


~DGND 


b. High-Z to VOL 


ABSOLUTE 
MAXIMUM 
RATINGS 
Voo 
to AGNDoAC 
or AGNDAOC 
•••••••• 


VDO to DGND 
. . . . . . 
. 


Voo to Vss 
. 
AGNDoAC 
or AGNDADC 
to DGND 
AGNDoAC 
to AGNDAOC 
•••••• 


Logic Voltage to DGND 
... 


CLK Input Voltage to DGND 
VOlIT(VOUTA,VoUTB)to 
AGND'oAC 
•• 


V1N to AGNDAOC 
•••• 


NOTE 
IOutpur 
may be shorted 
to any voltage 
in the range 
V 55 to Von 
provided 
that 
the power dissipation ofrhe package is not exceeded. Typical short circuit 
current for a short to AGND or VS5 is SOmA. 


-0.3V, 
+7V 
-0.3V, 
+7V 


. .. 
-0.3V, 
+ 14V 
-O.3V, 
Voo 
+0.3V 
........ 
±5V 
-O.3V, 
Voo 
+O.3V 
-O.3V, 
Voo 
+0.3V 


. Vss -O.3V, 
Voo+O.3V 
Vss -O.3V, 
Voo 
+0.3V 


DBN~ 


3kn~_ 
••_~ 
10pF 


DGND 


+JV 
3kll 


DBN~ 


10pF 


~DGND 


a. VOH to High-Z 
b. 
VOL to High-Z 


Figure 2. Load Circuits for Bus Relinquish Time Test 


Power Dissipation (Any Package) to + 75°C 
Derates above 75°C by 
.. 
Operating Temperature 
Range 
Commercial (J, K) 
Industrial (A, B) 
..... 


Extended (S, T) 
Storage Temperature 
Range . 
Lead Temperature 
(Soldering, 
10 Secs) 


450mW 
6mWrC 


o to +70°C 
- 25°C to + 85°C 
- 55°C to + 125°C 
- 65°C to + 150°C 
..... 
+300°C 


·Stress 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 


cause pennanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition 
above 
those 
indicated 
in the operational 
sections 
of this specification 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods may affect device reliability. 


CAUTION 
ESD 
(electrostatic 
discharge) 
sensitive 
device. 
The 
digital 
control 
inputs 
are 
diode 
protect- 


ed; however, 
permanent 
damage may occur on unconnected 
devices subject 
to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


NOTE: 
The term DAC (Digital-to-Analog 
Converter) throughout 
the 
data sheet applies equally to the dual DACs in the AD7669 as 
well as to the single DAC of the AD7569 unless otherwise stated. 
It follows that the term VOUTapplies to both VoUTA and VouTB 
of the AD7669 also. 


TERMINOLOGY 
Total Unadjusted 
Error 
Total unadjusted 
error is a comprehensive 
specification which 
includes internal voltage reference error, relative accuracy, gain 
and offset errors. 


Relative Accuracy 
(DAC) 
Relative Accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
allowing for offset and gain errors. For the bipolar output ranges 
the endpoints of the DAC transfer function are defined as those 
voltages which correspond 
to negative full-scale and positive 
full-scale codes. For the unipolar output ranges the endpoints 
are code I and code 255. Code I is chosen because the amplifier 
is now working in single supply and in cases where the true 
offset of the amplifier is negative it cannot be seen at code O. If 
the relative accuracy was calculated between code 0 and code 
255 the "negative offset" would appear as a linearity error. If 
the offset is negative and less than ILSB, it will appear at code 
I, and hence the true linearity of the converter is seen between 
code I and code 255. 


Relative Accuracy 
(ADC) 
Relative Accuracy is the deviation of the ADC's actual code 
transition points from a straight line drawn between the endpoints 
of the ADC transfer function. 
For the bipolar input ranges 
these points are the measured negative full-scale transition point 
and the measured positive full-scale transition point. For the 
unipolar ranges the straight line is drawn between the measured 
first LSB transition point and the measured full-scale transition 
point. 


Differential 
Nonlinearity 
Differential Nonlinearity 
is the difference between the measured 
change and an ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of :!:ILSB max ensures 
monotonicity (DAC) or no missed codes (ADC). A differential 
nonlinearity of :!:3/4LSB max ensures that the minimum step 
size (DAC) or code width (ADC) is 1/4LSB and the maximum 
step size or code width is 3/4LSB. 


Digital-to-Analog 
Glitch Impluse 
Digital-to-Analog 
Glitch Impulse is the impulse injected into the 
analog output when the digital inputs change state with the 
DAC selected. It is normally specified as the area of the glitch 
in nVsecs and is measured when the digital input code is changed 
by ILSB at the major carry transition. 


Digital Feedthrough 
Digital Feedthrough 
is also a measure of the impulse injected to 
the analog output from the digital inputs but is measured when 
the DAC is not selected. It is essentially feedthrough across the 
die and package. It is also a measure of the glitch impulse trans- 
ferred to the analog output when data is read from the internal 
ADC. It is specified in nVsecs and is measured with WR high 
and a digital code change from all Os to all Is. 


DAC-to-DAC 
Crosstalk 
(AD7669 Only) 
The glitch energy transferred 
to the output of one DAC due to 
an update at the output of the second DAC. The figure given is 
the worst case and is expressed in nV secs. It is measured with 
an update voltage of full scale. 


DAC-to-DAC 
Isolation 
(AD7669 Only) 
DAC-to-DAC 
Isolation is the proportion 
of a digitized sine wave 
from the output of one DAC which appears at the output of the 
second DAC (loaded with all Is). The figure given is the worst 
case for the second DAC output and is expressed as a ratio in 
dBs. It is measured with a digitized sine wave (fsAMPI.ING 
100kHz) of 20kHz at 2.5V pk-pk. 


Signal-to-Noise 
Ratio 
Signal-to-Noise Ratio (SNR) is the measured signal to noise at 
the output of the converter. 
The signal is the rms magnitude of 
the fundamental. 
Noise is the rms sum of all the nonfundamental 
signals (excluding dc) up to half the sampling frequency. 
SNR 
is dependent 
on the number of quantization 
levels used in the 
digitization process; the. more levels, the smaller the quantization 
noise. The theoretical SNR for a sine wave is given by 


SNR = (6.02N + 1.76) dB 


where N is the number of bits. Thus for an ideal 8-bit converter, 
SNR = 50dB. 
• 
Harmonic 
Distortion 
Harmonic 
Distortion 
is the ratio of the rms sum of harmonics to 
the fundamental. 
For the AD7569/AD7669, 
Total Harmonic 
Distortion (THD) 
is defined as 
.,.lv' + V ' + V' 
+ V' 
+ V ' 
20 log V' ' 
3 
V 4 
5 
6 


I 
where VI is the rms amplitude of the fundamental 
and V" V3, 


V., V5 and V6 are the rms amplitudes of the individual 
harmonics. 


Intermodulation 
Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products, 
of order (m + n), at sum and difference frequencies of 
mfa:!:nfb, 
where m,n = 0, 1,2,3, 
..... 
Intermodulation 
terms 
are those for which m or n is not equal to zero. For example, 
the second order terms include (fa + fb) and (fa - fb) and the 
third order terms include (2fa + fb), (2fa - fb), (fa + 2fb) and 
(fa - 2fb). 


AD7569 
PIN 
CONFIGURATIONS 
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TOP VIEW 
lNot to Scale' 


RANGE 
5 


RESET 
6 


DB7 
7 


Ne 
• 


086 
9 


2' 
eLK 


2' 
iNT 
23 BUSY 
22 Ne 


2' 
ST 


20 
RD 
•• os 


AD7S69 


TOP VIEW 
INot to sea••, 


12 13 ,. 
15 16 17 '8 
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Ne = NO CONNE~T 0 
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Relative 
Temperature 
Accuracy 
Package 
Model 
Range 
TMIN-TMAX 
Option! 


AD7569JN 
O°CtD + 70°C 
±lLSB 
N-24 
AD7569JR 
O°Cto + 70°C 
±lLSB 
R-24 
AD7569AQ 
- 25°C to + 85°C 
±lLSB 
Q-24 
AD7569SQ2 
- 55°C to + 125°C 
±lLSB 
Q-24 
AD7569KN 
O°Cto + 70°C 
± 1I2LSB 
N-24 
AD7569BQ 
- 25°C to + 85°C 
± 1I2LSB 
Q-24 
AD7569TQ2 
- 55°C to + 125°C 
± 1I2LSB 
Q-24 
AD7569JP 
O°Cto + 70°C 
±ILSB 
P-28A 
AD7569SE2 
- 55°C to + 125°C 
±ILSB 
E-28A 
AD7569KP 
O°Cto + 70°C 
± 1I2LSB 
P-28A 
AD7569TE2 
- 55°C to + 125°C 
± 1I2LSB 
E-28A 


AD7669JN 
O°Cto + 70°C 
±ILSB 
N-28 
AD7669JP 
O°Cto + 70°C 
±ILSB 
P·28A 
AD7669JR 
O°Cto + 70°C 
±lLSB 
R-28 


NOTES 
IE = Leadless Ceramie Chip Carrier; N = Plastie DIP; P ~ Plastie Leaded 
Chip Carrier; Q ~ Cerdip; R ~ Small Outline SOIC. For outline 
information see Package Information section. 
2To order MIL·STD·883, 
Class B processed parts, add /883B to part 
number. Contact your local sales office for military data sheet. 


PIN FUNCTION 
DESCRIPTION 


(Applies to the AD7569 and AD7669 unless otherwise stated.) 


Pin 
Mnemonic 


VOUT 
(VouTA, VouTB) 


DB7 
DB6-DB2 


DGND 


DBI 


DBO 


WR 


Description 


Analog Ground for the DAces). Separate 
ground return paths are provided for the 
DAces) and ADC to minimize crosstalk. 


Output Voltage. VOUTis the buffered output 
voltage from the AD7569 DAC. VoUTA and 
VouTB are the buffered DAC output voltages 
from the AD7669. Four different output 
voltage ranges can be achieved (see Table I). 


Negative Supply Voltage ( - 5V for dual supply 
or OV for single supply). This pin is also used 
with the RANGE pin to select the different 
input/output 
ranges and changes the data 
format from binary (Vss=OV) to 2s comple- 
ment (Vss = - 5V) (see Table I). 


Range Selection Input. This is used with the 
Vss input to select the different ranges as per 
Table I. The range selected applies to both 
the analog input voltage of the ADC and the 
output voltage from the DAC(s). 


Reset Input (Active Low). This is an asyn- 
chronous system reset which clears the DAC 
register(s) to all Os and clears the INT line of 
the ADC (i.e., makes the ADC ready for new 
conversion). 
In unipolar operation this input 


sets the output voltage to OV; in bipolar oper- 
ation it sets the output to negative full scale. 


Data Bit 7. Most Significant Bit (MSB). 
Data Bit 6 to Data Bit 2. 


Digital Ground. 


Data Bit I. 


Data Bit O. Least Significant Bit (LSB). 


Write Input (Edge triggered). This is used in 
conjunction with CS to write data into the 
AD7569 DAC register. It is used in conjunction 
with CS and AIB to write data into the selected 
DAC register of the AD7669. Data is trans- 
ferred on the rising edge of WR. 


Pin 
Mnemonic 


A/B(AD7669 
Only) 


Description 


Chip Select Input (Active Low). The device 
is selected when this input is active. 


READ Input (Active Low). This input must 
be active to access data from the part. In the 
Mode 2 interface, RD going low starts con- 
version. It is used in conjunction with the CS 
input (see Digital Interface Section). 


Start Conversion (Edge triggered). This is 
used when precise sampling is required. The 
falling edge of ST starts conversion and drives 
BUSY low. The ST signal is not gated with 
CS. 


BUSY Status Output (Active Low). When 
this pin is active the ADC is performing a 
conversion. The input signal is held prior to 
the falling edge of BUSY (see Digital Inter- 
face Section). 


INTERRUPT 
Output (Active Low). INT 
going low indicates that the conversion is 
complete. INT goes high on the rising edge 
of CS or RD and is also set high by a low 
pulse on RESET (see Digital Interface 
Section). 


DAC Select Input. This input selects which 
DAC register data is written to under control of 
CS and WR. With this input low data is written 
to the DACA register; with this input high data 
is written to the DACB register. 


A TTL compatible clock signal may be used 
to determine the ADC conversion time. Internal 
clock operation is achieved by connecting a 
resistor and capacitor to ground. 


Analog Ground for the ADC. 


Analog Input. Various input ranges can be 
selected (see Table I). 


Positive Supply Voltage (+ SV). • 


Input/Output 
DBO-DB7 
Range 
Vss 
Voltage Range 
Data Format 


0 
OV 
Oto + 1.2SV 
Binary 
I 
OV 
Oto +2.SV 
Binary 
0 
-sv 
± 1.2SV 
2s Complement 
I 
-SV 
±2.SV 
2s Complement 


AD7569/AD766~Typical Perlormance Graphs 
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SAMPLE 
FREQUENCY 
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CIRCUIT DESCRIPTION 


D/A SECTION 
The AD7S69 contains an S-bit, voltage-mode, D/A converter 
which uses eight equally weighted current sources switched into 
an R-ZR ladder network to give a direct but unbuffered 
0 to 
+ I.ZSV output range. The AD7669 is similar but contains two 
DIA converters. The current sources are fabricated using PNP 
transistors. 
These transistors allow current sources which are 
driven from positive voltage logic and give a zero-ba~ed output 
range. The output voltage from the voltage switching R-ZR 
ladder network has the same positive polarity as the reference 
and therefore the DIA converter can be operated from a single 
power supply rail. 


The PNP current sources are generated using the on-chip bandgap 
reference and a control amplifier. The current sources are switched 
to either the ladder or AGNDoAc 
by high speed p-channel 
switches. These high-speed switches ensure a fast settling time 
for the output voltage of the DAC. The R-ZR ladder network of 
the DAC consists of highly stable, thin-film resistors. A simplified 
circuit diagram for the DI A converter section is shown in Figure 
3. An identical D/A converter is used as part of the AID converter 
which is discussed later. 


OP AMP SECTION 
The output from the DIA converter is buffered by a high speed, 
noninverting 
op amp. This op amp is capable of developing 
± Z.SV across a ZkO and lOOpF load to AGNDoAc• 
The amplifier 
can be operated from a single + SV supply to give two unipolar 
output ranges or from dual supplies (± SV) to allow two bipolar 
output ranges. 


The feedback path of the amplifier contains a gain/offset network 
which provides four voltage ranges at the output of the op amp. 
The output voltage range is determined 
by the RANGE and Vss 
inputs. (See Table I in the Pin Function Description 
section.) 
The four output ranges possible are: 0 to + I.ZSV, 0 to +Z.SV, 
± I.ZSV and ±Z.SV. It should be noted that whatever range is 
selected for the output amplifier also applies to the input voltage 
range of the AID converter. 


The output amplifier settles to within IIZLSB of its final value 
in typically less than SOOns.Operating the part from single or 
dual supplies has no effect on the positive-going settling time. 
However, the negative-going Output settling time to voltages 
near OV in single supply will be slightly longer than the settling 
time to negative full scale for dual supply operation. Additionally, 
to ensure that the output voltage can go to OV in single supply, 


a transistor on the output acts as a passive pull-down with output 
voltages near OVwith Vss =OV. This means that the sink capability 
of the amplifier is reduced as the output voltage nears OV in 
.single supply. In dual supply operation the full sink capability 
of I.ZSmA is maintained 
over the entire output voltage range. 


For all other parameters the single and dual supply performances 
of the amplifier are essentially identical. The output noise from 
the amplifier with full scale on the DAC is ZOOf.'V peak-to-peak. 
The spot noise at 1kHz is 3SnV/YHZ with aliOs on the DAC. 
A noise spectral density versus frequency plot for the amplifier 
is shown in the typical performance 
graphs. 


VOLTAGE REFERENCE 
The AD7S69/AD7669 
contains an on-chip bandgap reference 
which provides a low noise, temperature 
compensated 
reference 
voltage for both the DAC and the ADC. The reference is trimmed 
for both absolute accuracy and temperature 
coefficient. The 
bandgap reference is generated with respect to V00. It is buffered 
by a separate control amplifier for both the DAC and the ADC 
reference. This can be seen in the DAC ladder network config- 
uration in Figure 3. 


DIGITAL 
SECTION 
The data pins on the AD7S69/AD7669 
provide a connection 
between the external bus and both the DAC data inputs and 
ADC data outputs. 
The threshold levels of all digital inputs and 
outputs are compatible with either TTL or SV CMOS levels. 
Internal input protection of all digital pins is achieved by on-chip 
distributed 
diodes. 


The data format is straight binary when the part is used in 
single supply (Vss =OV). However, when a Vss of - SV is applied, 
the data format becomes Zs complement. 
This data format applies 
to the digital inputs of the DAC and the digital outputs of the 
.' 
ADC. 


ADC SECTION 
The analog-to-digital 
converter on the AD7S69/AD7669 
uses the 
successive approximation 
technique to achieve a fast conversion 
time of Zf.'Sand provide an S-bit parallel digital output. The 
reference for the ADC is provided by the on-chip bandgap 
reference. 


Conversion start is controlled by ST or by CS and RD. Once a 
conversion has been started another conversion start should not 
be attempted 
until the conversion in progress is completed. 


Exercising the RESET input does not affect conversion; the 
RESET input resets the INT line high which is useful in interrupt- 
driven systems where a READ has not been performed at the 
end of the previous conversion. The INT line does not have to 
be cleared at the end of conversion. The ADC will continue to 
convert correctly but the function of the INT line will be 
affected. 


Figure 4 shows the operating waveforms for a conversion cycle. 
The analog input voltage, V1N, is held SOns typical after the 
falling edge of ST or (CS & RD). The MSB decision is made 
approximately 
SOns after the second falling edge of the input 
CLK following a conversion start. If t) in Figure 4 is greater 
than SOns, then the falling edge of the input CLK will be seen 
as the first falling clock edge. If t) is less than SOns, the first 
falling clock edge of the conversion will not occur until one 
clock cycle later. The succeeding bit decisions are made approx 
imately SOns after a CLK edge until conversion is complete. At 


the end of conversion, 
the SAR contents are transferred 
to the 
output latch and the SAR is reset in readiness for a new conversion. 
A single conversion lasts for 8 input clock cycles. 


~:~l 
11 
r 


BUSY I 
U 
I 
-I 
t- 50nsTYP 
V 


1N 


___ 
I 


II 
./ 
I-t, ...j 
~ 
~ 
SOns 
TYP 
f----.I 
100ns 
TYP 


ClK~~ 
+ 
+ 
DB7IMSB) 
DBO(LSBI 


ANALOG 
INPUT 
The analog input of the AD7569/AD7669 
feeds into an on-chip 
track-and-hold 
amplifier. To accommodate different full-scale 
ranges, the analog input signal is conditioned 
by a gain/offset 
network which conditions all input ranges so that the internal 
ADC always works with a 0 to + 1.25V signal. As a result, the 
input current on the VIN input varies with the input range selected 
as shown in Figure 5. 


VOLTAGE RANGE 
ON SWITCH 
I, 


OTa 
+ 1.25V 
51 
20~A 
OTo 
+2.5V 
52 
20 •.•.A 
-1.2SVTO 
+1.25V 
52 
140 •• A 
-2.SVTO 
+2.SV 
53 
280,..A 


TRACK-AND·HOLD 
The track-and-hold 
(T/H) 
amplifier on the analog input of the 
AD7569/AD7669 
allows the ADC to accurately convert an input 
sine wave of 2.5V peak-to-peak 
amplitude up to a frequency of 
200kHz, the Nyquist frequency of the ADC when operated at 
its maximum throughput 
rate of 400kHz. This maximum rate of 
conversion includes conversion time and time between conversions. 
Because the input bandwidth 
of the T/H amplifier is much 
larger than 200kHz, the input signal should be band-limited 
to 
avoid converting high-frequency 
noise components. 


The operation of this T/H amplifier is essentially transparent 
to 
the user. The T/H amplifier goes from its tracking mode to its 
hold mode at the start of conversion. This occurs when the 
ADC receives a conversion start command from either ST or CS 
& RD. At the end of conversion (BUSY going high) the T/H 
reverts back to tracking the input signal. 


EXTERNAL 
CLOCK 
The AD7569/AD7669 
ADC can be used with its on-chip clock 
or with an externally applied clock. When using an external 
clock, the CLK input of the AD7569/AD7669 
may be driven 
directly from 74HC, 4000B series buffers (such as 4049) or from 
TTL buffers. When conversion is complete, the internal clock 
is disabled. The external clock can continue to run between 
conversions without being disabled. The mark/space ratio of the 
external clock can vary from 70/30 to 30/70. 


INTERNAL 
CLOCK 
Clock pulses are generated by the action of an internal current 
source charging the external capacitor (CCLK) and this external 
capacitor discharging through the external resistor (RcLK)' When 
a conversion is complete, this internal clock stops operating and 
the CLK pin goes to the DGND potential. 
Connections 
for 
RcLK and CCLKare shown in the operating diagram of Figure 
21. The nominal conversion time versus temperature 
for the 
recommended 
RcLK and CcLK combination 
is shown in Figure 
6. The internal clock provides a convenient clock source for the 
AD7569/AD7669. 
Due to process variations, the actual operating 
frequency for this RcLK/CcLK combination 
can vary from device 
to device by up to ± 25%. 
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Figure 
6. 
Conversion 
Time 
vs. Temperature 
for Internal 
Clock Operation 


DIGITAL 
INTERFACE 


DAC Timing and Control - AD7569 
Table II shows the truth table for DAC operation for the AD7569. 
The part contains an 8-bit DAC register which is loaded from 
the data bus under control of CS and WR. The data contained 
in the DAC register determines 
the analog output from the 
DAC. The WR input is an edge-triggered 
input and data is 
transferred 
into the DAC register on the rising edge of WR. 
Holding CS and WR low does not make the DAC register 
transparent. 


cs 
Wit 
~ 
DAC Function 


H 
H 
H 
DAC Register Unaffected 
L 
L 
H 
DAC Register Unaffected 
L 
.f 
H 
DAC Register Updated 
.f 
L 
H 
DAC Register Updated 
X 
X 
L 
DAC Register Loaded with All Zeros 


The contents of the DAC register are reset to all Os by an active 
low pulse on the RESET line and for the unipolar output ranges 
the output remains at OV after RESET returns high. For the 
bipolar output ranges a low pulse on RESET causes the output 
to go to negative full scale. In unipolar applications the RESET 
line can be used to ensure power-up to OV on the AD7569 DAC 
output and is also useful when used as a zero override in system 
calibration cycles. If the RESET input is connected to the system 


RESET line, then the DAC output resets to OV when the entire 
system is reset. Figure 7 shows the input control logic for the 
AD7569 DAC and the write cycle timing diagram is shown in 
Figure 8. 


-AD7669 ONLY 


NOTES 
1. All 
INPUT RISE AND FALL TIMES MEASURED fROM 
10% TO 90% OF + 5V. 
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Figure 8. AD7569/AD7669 Write Cycle Timing Diagram 


DAC Timing and Control - AD7669 
Table III shows the truth table for the dual DAC operation of 
the AD7669. The part contains two 8-bit DAC registers which 
are loaded from the data bus under the control of CS, AlB and 
WR. Address line X/B 
selects which DAC register the data is 
loaded to. The data contained in the DAC registers determines 
the analog output from the respective DACs. The WR input is 
an edge-triggered 
input and data is transferred 
into the selected 
DAC register on the rising edge of WR. Holding CS and WR 
low does not make the selected DAC register transparent. 
The 
X/B input should not be changed while CS and WR are low. 


~ 
WIt 
A!B 
RESET 
DAC Function 


H 
H 
X 
H 
DAC Registers Unaffected 
L 
.f 
L 
H 
DACA Register Updated 
.f 
L 
L 
H 
DACA Register Updated 
L 
S 
H 
H 
DACB Register Updated 
S 
L 
H 
H 
DACB Register Updated 
X 
X 
X 
L 
DAC Registers Loaded with 
All Zeros 


The contents of the DAC registers are reset to all Os by an 
active low pulse on the RESET line and for the unipolar output 
ranges the outputs remain at OV after RESET returns high. For 
the bipolar output ranges a low pulse on RESET causes the 
outputs to go to negative full scale. In unipolar applications the 
RESET line can be used to ensure power-up to OVon the AD7669 
DAC outputs and is also useful when used as a zero override in 
system calibration cycles. If the RESET input is connected to 
the system RESET line, then the DAC outputs reset to OV 
when the entire system is reset. Figure 9 shows the DAC input 
control logic for the AD7669, and the write cycle timing diagram 
is shown in Figure 8. 


ADC Timing and Control 
The ADC on the AD75691AD7669 is capable of two basic operating 
modes. In the first mode the ST line is used to start conversion 
and drive the track-and-hold 
into hold mode. At the end of 
conversion the track-and-hold 
returns to its tracking mode. The 
second mode is achieved by hard-wiring 
the ST line high. In 
this case, CS and RD start conversion and the microprocessor 
is 


driven into aWAIT 
state for the duration of conversion by 
BUSY. 
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can be used in digital signal processing and other applications 
where precise sampling in time is required. 
In these applications 
it is important 
that the signal sampling occurs at exactly equal 
intervals to minimize errors due to sampling uncertainty or 
jitter. In these cases the ST line is driven by a timer or some 
precise clock source. 


The falling edge of the ST pulse starts conversion and drives 
the AD7569/AD7669 
track-and-hold 
amplifier into its hold 
mode. BUSY stays low for the duration of conversion and returns 
high at the end of conversion and the track-and hold amplifier 
reverts to its tracking mode on this rising edge of BUSY. The 
INT line can be used to interrupt 
the microprocessor. 
A READ 
to the AD7569/ AD7669 address accesses the data and the INT 
line is reset on the rising edge of CS or RD. Alternatively the 
INT can be used to trigger a pulse which drives the CS and RD 
and places the data into a FIFO or buffer memory. The micro- 
processor can then read a batch of data from the FIFO or buffer 
memory at some convenient time. The ST input should not be 
high when RD is brought low otherwise the part will not operate 
correctly in this mode. 


It is important, 
especially in systems where the conversion start 
(ST pulse) is asynchronous 
to the microprocessor, 
that a READ 
does not occur during a conversion. Trying to read data from 
the device during a conversion can cause errors to the conversion 
in progress. Also, pulsing the ST line a second time before 
conversion end should be avoided since it too can cause errors 
in the conversion result. In applications where precise sampling 
is not critical the ST pulse can be generated from a microprocessor 
WR or RD line gated with a decoded address (different to 
AD7569/AD7669 CS address). 
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This interface mode is also useful in applications where a number 
of input channels are required to be converted by the ADC. 
Figure II shows the circuit configuration for such an application. 
The signal which drives the ST input of the AD7569/AD7669 is 
also used to drive the ENABLE 
input of the multiplexer. The 
multiplexer 
is enabled on the rising edge of the ST pulse while 
the input signal is held on the falling edge. Therefore, 
the signal 
must have settled to within 8 bits over the duration of this ST 
pulse. The settling time, including toN (ENABLE) of the multi- 
plexer plus the T/H acquisition time (typically 2oons), thus 
determines the width of the ST pulse. This is suited to applications 
where a number of input channels need to be successively sampled 
or scanned. 
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which can be forced into a WAIT state for at least 2,...s.The ST 
line of the AD7569/ AD7669 must be hard-wired high to achieve 
this mode. The microprocessor 
starts a conversion and is halted 
until the result of the conversion is read from the converter. 
Conversion is initiated by executing a memory READ to the 
AD7569/AD7669 address, bringing CS and RD low. BUSY 
subsequently 
goes low (forcing the microprocessor 
READY or 
WAIT input low), placing the microprocessor 
into aWAIT 
state. The input signal is held on the falling edge of RD (assuming 
CS is already low or is co-incident with RD). When the conversion 
is complete (BUSY goes high), the processor completes the 
memory READ and acquires the newly converted data. While 
conversion is in progress, the ADC places old data (from the 
previous conversion) on the data bus. The timing diagram for 
this interface is shown in Figure 12. 
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The major advantage of this interface is that it allows the micro- 
processor to start conversion, WAIT and then READ data with 
a single READ instruction. 
The user does not have to worry 
about servicing interrupts 
or ensuring that software delays are 
long enough to avoid reading during conversion. The fast con- 
version time of the ADC ensures that for many microprocessors, 
the processor is not placed in aWAIT 
state for an excessive 
amount of time. 


DIGITAL 
SIGNAL 
PROCESSING 
APPLICATIONS 
In Digital Signal Processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive filtering, the dynamic 
characteristics (SNR, Harmonic Distortion, 
Intermodulation 
Distortion) of both the ADC and DAC are critical. The 
AD7569/AD7669 is specified dynamically as well as with standard 
dc specifications. Because the track/hold amplifier has a wide 
bandwidth, 
an anti-aliasing filter should be placed on the V1N 
input to avoid aliasing of high-frequency 
noise back into the 
band of interest. 


The dynamic performance of the ADC is evaluated by applying 
a sine-wave signal of very low distortion to the V1Ninput which 
is sampled at a 409.6kHz sampling rate. A Fast Fourier Transform 
(FFT) plot or Histogram plot is then generated from which 
SNR, harmonic distortion and dynamic differential nonlinearity 
data can be obtained. For the DAC, the codes for an ideal sine 
wave are stored in PROM and loaded down to the DAC. The 
output spectrum is analyzed, using a spectrum analyzer to evaluate 


consisting of pure sine waves at two frequencies is applied to 
the AD7569/AD7669. 
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Figure 13 shows a 2048 point FFT plot of the ADC with an 
input signal of 130kHz. The SNR is 48.4<lB. It can be seen that 
most of the harmonics are buried in the noise floor. It should be 
noted that the harmonics are taken into account when calculating 
the SNR. The relationship between SNR and resolution(N) 
is 
expressed by the following equation: 


SNR = (6.02N + 1.76)dB 


This is for an ideal part with no differential or integral linearity 
errors. These errors will cause a degradation in SNR. By working 
backwards from the above equation, it is possible to get a measure 
of ADC performance 
expressed in effective number of bits (N). 


This effective number of bits is plotted versus frequency in 
Figure 14. The effective number of bits typically falls between 
7.7 and 7.8 corresponding 
to SNR figures of 48.1 and 48.7dB. 


Figure 15 shows a spectrum analyzer plot of the output spectrum 
from the DAC with an ideal sine-wave table loaded to the data 
inputs of the DAC. In this case, the SNR is 46dB. 
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Figure 
15. OAC Output 
Spectrum 


HISTOGRAM 
PLOT 
When a sine wave of specified frequency is applied to the VIN 
input of the AD7569/AD7669 
and several thousand samples are 
taken, it is possible to plot a histogram showing the frequency 
of occurrence of each of the 256 ADC codes. If a particular step 
is wider than the ideal ILSB width, then the code associated 
with that step will accumulate more counts than for the code for 
an ideal step. Likewise, a step narrower than ideal width will 
have fewer counts. Missing codes are easily seen because a missing 
code means zero counts for a particular code. The absence of 
large spikes in the plot indicates small differential nonlinearity. 


Figure 16 shows a histogram plot for the ADC indicating very 
small differential 
nonlinearity 
and no missing codes for an input 
frequency of 204kHz. For a sine-wave input, a perfect ADC 
would produce a cusp probability 
density function described by 
the equation 


P{V)- 
1 
.' 
1T (A' - 
Vl)'h 


where A is the peak amplitude 
of the sine wave and P{V) the 
probability 
of occurrence at a voltage V. 


The histogram plot of Figure 16 corresponds 
very well with this 
cusp shape. 


Further 
typical plots of the performance 
of the AD7569/AD7669 
are shown in the Typical Performance 
Graphs section of the 
data sheet. 
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Figure 
16. AOC Histogram 
Plot 


AD7569/AD7669 
INTERFACING 
THE AD7569/AD7669 


AD7569/AD7669 - Z80 INTERFACE 
Figure 17 shows a typical interface to the Z80 microprocessor. 
The ADC is configured for operation in the Mode I interface 
mode. A precise timer or clock source starts conversion in appli- 
cations requiring equidistant sampling intervals. The scheme 
used, whereby INT of the AD7569/AD7669 generates an interrupt 
on the Z80, is limited in that it does not allow the ADC to be 
sampled at the maximum rate. This is because the time between 
samples has to be long enough to allow the Z80 to service its 
interrupt and read data from the ADC. To overcome this, some 
buffer memory or FIFO could be placed between the AD7569/ 
AD7669 and the Z80. Writing data to the relevant AD7569/ 
AD7669 DAC simply consists of a <LD 
(nn), A> instruction 
where nn is the decoded address for that DAC. Reading data 
from the ADC, after an INT has been received, consists of a 
<LDA, 
(nn» 
instruction. 


Figure 
17. AD7569/AD7669 
to Z80 Interface 


AD7569/AD7669 - 68008 INTERFACE 
A typical interface to the 68008 is shown in Figure 18. In this 
case the ADC is configured in the Mode 2 interface mode. This 
means that the one read instruction starts conversion and reads 
the data. The read cycle is stretched out over the entire conversion 
period by taking the INT line back into the DT ACK input of 
the 68008. The additional gates are required so that the 68008 
gets a DTACK when the processor is writing data to the AD7569/ 
AD7669. In this case there are no wait states introduced into 
the write cycle. Writing data to the relevant AD7569/AD7669 
DAC consists of a <MOVE.B 
Dn, addr> 
where Dn is the data 
register which contains the data to be loaded to that DAC and 
addr is the decoded address for the DAC. Data is read from the 
ADC using a <MOVE.B 
addr,Dn> 
with the conversion result 
placed in register Dn. 


AD7569/AD7669 - ADSP·2I00 
INTERFACE 
Figure 19 shows a typical interface to the DSP processor, the 
ADSP-2100. The ADC is in the Mode 2 interface mode which 
means that the ADSP-2Ioo is halted during conversion. This is 
achieved using the decoded address output. This is gated with 
DMWR to ensure that it halts the processor for READ instructions 
only. INT going low at the end of conversion releases the processor 
and allows it to finish off the READ instruction. 


Because the instruction cycle of the ADSP-2Ioo is so fast (125ns 
cycle) the DMWR pulse has to be stretched also for write cycles. 
This is achieved using the 74121 which generates a pulse which 
is fed back to DMACK. The duration of this pulse determines 
how long the ADSP-2Ioo 
write cycle is stretched. 
The buffers 
which drive the DMACK line must have open-collector outputs. 
Writing data to the relevant AD7569/AD7669 DAC is achieved 
using a single instruction, 
<DM 
(addr)=MRO> 
where addr is 
the decoded address of that DAC and MRO contains the data to 
be loaded to the DAC register. Data is read from the ADC 
using a single instruction also, <MRO = DM (addr»where 
the 
conversion result is placed in the MRO data register. 


AD7569/AD7669 - IBM PC· INTERFACE 
The AD7569/AD7669 is ideal for implementing 
an analog input! 


output port for the IBM PC. Figure 20 shows an interface which 
realizes this function. The ADC is configured in the Mode I 
interface mode and conversions are initiated using a precise 
clock source for equidistant 
sampling intervals. At the end of 


conversion the INT line goes low, and the 74121 generates a 
RD pulse for the AD7569/AD7669. 
This RD pulse accesses 
data from the ADC and places the conversion result into a register 
on the 74646. The rising edge of this pulse generates an interrupt 
request to the processor. The conversion result is read from the 
74646 register by performing 
an I/O read to the decoded address 
of the 74646. Writing data to the relevant AD7569/AD7669 
DAC involves an I/O write to the 74646 which transfers the data 
to the data inputs of the AD7569/AD7669. 
Data is latched into 
the selected DAC register on the rising edge of lOW. 


APPLYING 
THE AD7569/AD7669 
DAC 
An internal gain/offset network on the AD7569/AD7669 
allows 
several output voltage ranges. The part can produce unipolar 
output ranges of 0 to + 1.25V or 0 to + 2.5V and bipolar output 
ranges of -1.25V 
to + 1.25V or -2.5V 
to +2.5V. 
Connections 
for these various output ranges are outlined below. 


UNIPOLAR 
(0 to +1.25V) 
CONFIGURATION 
The first of the configurations 
provides an output voltage range 
of 0 to + 1.25V. This is achieved by tying the Vss and RANGE 
inputs to AGNDoAd 
= OV). Figure 21 shows the configuration 
of the AD7569 to achieve this output range. A similar configuration 
of the AD7669 gives the same output range. The table for output 
voltage versus the digital code in the DAC register is shown in 
Table IV. 


DAC Register Contents 
MSB LSB 
Analog Output, Your 


(255) 
1111 
1111 
+ VREF 256 
e 
29 
) 
1000 
0001 
+ VREF 256 
e 
28 
) 
+ VREr/2 
1000סס oo 
+ VREF 256 
e 
27 
) 
0111 
1111 
+ VREF 256 


סס oo 
0001 
+ VREF(2~6) 


סס oo 
0000 
OV 


UNIPOLAR 
(0 to +2.5V) 
CONFIGURATION 
The 0 to +2.5V output voltage range is achieved by tying Vss 
to AGNDoAd= 
OV) and the RANGE input to Voo. The table 
for output voltage versus digital code is as in Table IV, with 
2,VREF replacing VREF• Note that for this range 


lLSB 
= 2,VREF(r 
8 
) 
= VREF1~8 


BIPOLAR (-1.25V 
to + l.25V) CONFIGURATION 
The first of the bipolar configurations 
is achieved by tying the 
RANGE input to AGNDoAd= 
OV) and Vss to -5V. 
The Vss 
voltage level at which the AD7569/AD7669 
changes to bipolar 
operation is approximately 
- 1V. When the part is configured 
for bipolar outputs the input coding becomes 2s complement. 
The table for output voltage versus the digital code in the DAC 
register is shown in Table V. Note that, as with the unipolar 
configuration, 
a digital input code of all Os produces an output 
of OV. It should be noted, however, that a low pulse on the 
RESET line for the bipolar ranges sets the ouput voltage to 
negative full scale. 


DAC Register Contents 
MSB LSB 
Analog Output, Your 
e 
27 
) 
0111 
1111 
+ VREF 128 


סס oo 
0001 
+ VREF(:28) 


סס ooסס oo 
OV 


1111 
1111 
- VREF(:28) 
e 
27 
) 
1000 
0001 
- VREF 128 
e 
28 
) 
= -VREF 
1000 
0000 
- VREF 128 • 


BIPOLAR (- 2.5V to + 2.5V) CONFIGURATION 
The - 2.5V to + 2.5V bipolar output range is achieved by tying 
the RANGE input to Voo and the Vss input to - 5V. Once 
again, the input coding is 2s complement. 
The table for output 
voltage versus digital code is as in Table V with 2,VREF replacing 
VREF. Note that for this range 


The analog input on the AD7569/AD7669 
accepts the same four 
input ranges as the output ranges on the DAC. Whatever output 
range is selected for the DAC also applies to the input range of 
the ADC. 


Although separate AGNDs exist for both the DAC and ADC to 
minimize crosstalk, writing data to the DAC while the ADC is 
performing a conversion may result in an incorrect conversion 
from the ADC due to an interaction of currents between the 
DAC and ADC. Therefore, 
to ensure correct operation of the 
ADC, the DAC register should not be updated while the ADC 
is converting. 


UNIPOLAR 
OPERATION 
The circuit of Figure 21 shows the AD7569 configured for both 
an input and output range of 0 to + 1.25V (the AD7669 config- 
uration is similar). The nominal transfer characteristic for this 
range is shown in Figure 22. The output code is Natural Binary 
with ILSB = (1.25/256)V 
= 4.88mV. 


As before, to achieve the unipolar 0 to + 2.5V input range Vss 
is connected to OV and the RANGE input is tied to a logic 
high. The nominal transfer characteristic is as in Figure 22 but 
in this case ILSB = (2.5/256)V 
= 9.76mV. 
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Figure 
22. 
Nominal 
Transfer 
Characteristic 
for Unipolar 
(0 to + 1.25V) Operation 


BIPOLAR OPERATION 
The analog input of the AD7569/AD7669 
ADC is configured 
for bipolar inputs when Vss = - 5V. The output code provided 
by the part is 2s complement. 
Figure 23 shows the transfer 
function for bipolar ( - 1.25V to + 1.25V) operation. The LSB 
size for this range is (2.5/256)V 
= 9.76mV. 


The transfer function for the - 2.5V to + 2.5V range is identical 
to that of Figure 23 but now FS = 5V and the LSB size is 
(5/256)V 
= 19.5mV. 


ADC OFFSET 
AND FULL·SCALE 
ERROR 
ADJUSTMENT 
In most Digital Signal Processing (DSP) applications, offset and 
full-scale error have little or no effect on system performance. A 
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Figure 23. 
Nominal 
Transfer 
Characteristic 
for Bipolar 
(- 
1.25V to + 1.25V) Operation 


typical example is a digital filter, where an ac analog signal is 
quantized by the ADC, digitally processed and recreated using 
the DAC. In these type of applications the offset error can be 
eliminated by ac coupling the recreated signal. Full-scale error 
effect is linear and does not cause problems as long as the input 
signal is within the full dynamic range of the ADC. An important 
parameter in DSP applications is Differential Nonlinearity and 
this is not affected by either offset or full-scale error. 


In applications where absolute accuracy is important then ADC 
offset and full-scale error can be adjusted to zero. Figure 24 
shows the additional components required for offset and full-scale 
error adjustment. 
Offset error must be adjusted before full-scale 


error. Zero offset is achieved by adjusting the offset of the op 
amp driving V1N (i.e., Al in Figure 23). In unipolar applications, 
for zero offset error, apply 1/2LSB at the analog input and 
adjust the op amp offset voltage until the ADC output code 
flickers betweenסס ooסס oo and 0000 0001. For zero full-scale 
error apply an analog input of FS - 3/2LSBs and adjust R I 
until the ADC output code flickers between IIII 
1110 and 
1111 1111. 


In bipolar applications, 
to adjust for bipolar zero offset apply 
- 1I2LSB at the analog input and adjust the op amp offset 
voltage until the output code flickers between IIII 
IIII 
and 
סס ooסס oo. For zero full-scale error apply + FS/2 
- 3/2LSB at 
the analog input and adjust RI until the ADC output code 
flickers between 01111110 and 0III 
1111. 


PEAK DETECTION 
- AD7569 
The circuit of Figure 25 shows a peak-reading 
AID converter 
which is useful in such applications as monitoring flow rates, 
temperature, 
pressure, 
etc. The circuit ensures that a peak will 
not be missed while at the same time does not require the 
microprocessor 
to frequently monitor the data. The peak value 
is stored in the AID converter and can be read at any time. 


The gain on the AD524 is adjusted to yield a 0 to + 2.5V output. 
When the input signal exceeds the current stored value, the 
output of the TL3l1 
goes low, triggering the Q output of the 
74121. This low-going pulse starts a conversion on the AD7569 
ADC and at the end of conversion latches the result into the 
DAC. This pulse must be at least 120ns greater than the conversion 
time of the ADC. The Q output is used to drive the strobe 
input of the TL311, resetting the TL311 output high in readiness 
for another conversion. 


The additional gates on the RD and WR inputs are to allow the 
data to be read by the microprocessor 
while at the same time 
ensuring that the DAC is not updated when the microprocessor 
reads the data. It may be necessary to monitor the AD7569 
BUSY line to ensure that a processor READ is not attempted 
while the AD7569 is in the middle of a conversion. The READ 
pulse width from the processor must be less than 1fJoSto ensure 
correct data is read from the ADC. A low-going pulse on the 
RESET line resets the DAC output to OV and starts a new 
"peak-detection" 
period. This RESET pulse must also be less 
than 1fJos. 


DISK DRIVE APPLICATION 
- AD7669 
Closed.Loop 
Microstepping 
Microstepping 
is a popular technique in low density disk drives 
(both floppy and hard disk) which allows higher positional 
resolution of the disk drive head over that obtainable from a 
full-step driven stepper motor. Typically, a two-phase stepper 
motor has its phase currents driven with a sine-cosine relationship. 
These cosinusoidal signals are generated by two DACs driven 
with the appropriate data. The resolution of the DACs determines 
the number of microsteps into which each full step can be divided. 
For example, with a 1.8° full-step motor and a 4-bit DAC, a 
microstep size of 0.11° (1.8°/(2") 
is obtainable. 


The microstepping 
technique improves the positioning resolution 
possible in any control application. 
However, 
the positional 
accuracy can be significantly worse than that offered by the 
original full-step accuracy specification due to load torque effects. 


To ensure that the increased resolution is useable, it is therefore 
necessary to use a closed-loop system where the position of the 
disk drive head (or motor) is monitored. 
The closed-loop system 
allows an error between the desired position and the actual 
position to be monitored and corrected. The correction is achieved 
by adjusting the ratio of the phase currents in the motor windings 
until the required head position is reached. 


The AD7669 is ideally suited for the closed-loop microstepping 
technique with its on-chip dual DACs for positioning the disk 
drive head and on-board ADC for monitoring 
the position of 
the head. A generalized circuit for a closed-loop microstepping 
system is shown in Figure 26. The DAC waveforms are shown 
in Figure 27 along with the direction information for clockwise 
rotation supplied by the controller. 
• 


Figure 26. 
Typical 
Closed-Loop 
Microstepping 
Circuit 
with 
the A 07669 


The AD7669 is used in the unipolar 0 to + 2.5V configuration. 
This allows the circuit of Figure 26 to be completely ,unipolar 
(+ 5V, + 12V supplies); no negative power supplies are required. 
The power output stage is a dual H-Bridge device such as the 
UDN-2998W 
from Sprague Electric. The phase currents in 
both windings are detected by means of the small value sense 
resistors, RsA and RsB, in series with the windings. The voltage 
developed across these resistors is amplified and compared with 
the respective DAC output voltage. The comparators in turn 
chop the phase winding current. The ADC completes the feedback 
path by converting information from a suitable transducer 
for 
analysis by the controller. 
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Figure 27. 
Typical 
DAC Output 
Voltages 
for Microstepping 
and Direction 
Signals 
for Clockwise 
Rotation 
with 
the 
UDN-2998W 


ANALOG DELAY LINE - AD7569 
In many applications, especially in audio systems, it is necessary 
to provide a delay on the input signal. The circuit of Figure 28 
shows how a simple analog delay line can be implemented based 
on the AD7S69. The input signal is sampled using the AD7S69 
ADC and converted data is loaded into the 6116 (2K x 8 static 
ram). The inverted input clock drives a counter which selects 
the address for the 6116. The delay is selected by choosing one 
of the output lines of the HCT4040 counter to reset the counter. 
This can be done using a simple switch in a manual system or 
by a multiplexer in a programmable delay application. Data is 
written to the DAC using the inverted input clock signal. 
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On initial stan-up the output voltage, Vo, will be invalid until 
the length of the delay is reached (Le., until the counter is 
reset). From here on the delayed data is read from the 6116 and 
loaded to the DAC before the newly convened data is written 
into the same memory location. The input clock to the system 
can be a square wave of maximum input frequency 200kHz 
(assuming 2tJ.sconversion time for the ADC). The mark/space 
ratio of the input clock can be varied to maximize the sampling 
frequency if required. The clock low time has to be equal to the 
conversion time and access time of the ADC plus the setup time 
required for the 6116. The clock high time has only to be equal 
to the setup time for the DAC plus the delay time through the 
counter and the access time of the 6116. 


The amount of memory used, as well as the sampling frequency, 
determines the maximum possible delay. Using the HCT4040 
and the 6116 with an input clock frequency of 200kHz, the 
maximum delay is Smson a maximum input frequency of 100kHz. 
Using 64K memory, with an 8kHz input clock frequency the 
maximum delay is 8 seconds on a maximum input frequency of 
4kHz. 


TRANSIENT 
RECORDER - AD7569 
The scheme just outlined can also form the basis for a transient 
recorder. In this case transients on the input signal are convened 
and stored in memory. The transient can then be recalled from 
memory at a later time and the transient waveform can be recreated 
using the AD7S69 DAC. 


INFINITE 
SAMPLE-AND-HOLD 
- AD7569 
The AD7S69 is ideal for implementing a single-chip infmite 
sample-and-hold function. Basically, the ADC samples and 
converts the input signal into an 8-bit digital word. The 8 bits 
of data are then loaded to the DAC and the sampled value is 
restored to analog form. The sampled value is held until the 
DAC register is updated. The full-scale matching between the 
ADC and the DAC on the AD7S69 ensures a typical error of 
less than 1% between the analog input voltage and the "held" 
output voltage. Figure 29 shows the connections required on the 
AD7S69 to achieve this infinite sample-and-hold function. 
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TARE FUNCTION 
FOR WEIGH SCALE - AD7569 
The infinite sample-and-hold 
just outlined can also form the 
basis of a circuit to provide a tare function for a weigh scale 
system. Figure 30 shows a circuit for a weigh scale system. It 
incorporates a tare function using a simple circuit based on the 
AD7569. 


The AD587 along with the 2N6285 provides a buffered + 10V 
reference to supply the low impedance load cell transducer. 
The 
load cell output is amplified by the AD624 precision instrumen- 
tation amplifier with gain adjustment provided by Rl. The 
output of the AD624 is applied to the noninverting 
input of a 
unity gain differential summing amplifier which uses the AD707, 
a high precision op amp with low drift. The AD707 feeds a 
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3 1/2 digit panel meter module which converts the signal for 
digital readout. The input signal to the panel meter is also applied 
to the analog input of the AD7569 for the tare function. When 
the tare switch (51) is closed, a tare cycle commences and VIN is 
sampled and held infinitely at VOUT until the next tare cycle. 
VOUT drives the inverting input of the differential amplifier and 
forces its output to zero. Thus, the tare function is used to give 
a readout of zero for any undesired weight, such as a box, when 
only the item placed in it is to be weighed. The tare function 
can also be used in calibrating the system, to cancel out offset 
errors due to the load cell, AD624 and differential amplifier. 


The AD7569 offers many advantages in the system outlined, 
such as: simple, low cost circuit - no need for microprocessor, 
software, etc. - and low power consumption. 
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FEATURES 
Two-Channel, 
8·Bit 2.5 "'s ADC 
Two 8-Bit, 2.5 J.LS DACs with Output 
Amplifiers 
Span and Offset of ADC and DAC 
Independently 
Adjustable 
Low Power 


APPLICATIONS 
Winchester 
Disk Servo Controllers 
Floppy Disk Microstepping 
Closed Loop Servo Systems 


GENERAL 
DESCRIPTION 
The AD7769 is a complete, two-channel, 
8-bit, analog I/O port. 
It has versatile input and output signal conditioning features 
that make it ideal for use in head-positioning 
servos in Winches- 
ter disk systems. It is equally suitable for floppy disk microstep- 
ping head positioning, 
other closed loop digital servo systems 
and general purpose 8-bit data acquisition. 


The AD7769 contains a high speed successive approximation 
ADC, preceded by a two-channel multiplexer and signal condi- 
tioning circuits. The input span of the ADC and the offset of 
the zero point from ground can be independently 
set by apply- 
ing ground referenced voltages. The AD7769 also contains two 
independent, 
fast settling, 8-bit DACs with output amplifiers. 


The output span and offset voltage of the DACs can be set inde- 
pendently of those of the ADC. This makes the AD7769 espe- 
cially useful in disk drives, where only a positive supply rail is 
available and the ranges of the ADC and DACs must be refer- 
enced to some positive voltage less than the supply. 


The AD7769 is easily interfaced to a standard 8-bit mpu bus via 
an 8-bit data port and standard microprocessor control lines. 


The AD7769 is fabricated in Linear Compatible CMOS 
(LC2MOS), 
an advanced, mixed technology process that com- 
bines precision bipolar circuits with low power CMOS logic. 
The part is available in a 28-pin plastic DIP and 28-terminal 
PLCC package. 


lC2MOS 
Analog I/O Port 


AD7769* 
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PRODUCT 
HIGHLIGHTS 
1. Two-Channel, 
8-Bit Analog I/O port on a Single Chip. 


The AD7769 contains a two-channel, high speed ADC with 
input signal conditioning and two, fast settling 8-bit DACs 
with output amplifiers, on a single chip. 


2. Independent 
Control of Span and Offset. 


The input voltage span of the ADC and the midpoint of the 
transfer function, the output voltage swing of the two DACs 
and the half-scale output voltage, can be set independently 
by applying ground referenced control voltages. 


3. Dynamic Specifications for DSP Users. 
In addition to the traditional ADC and DAC specifications, 
the AD7769 is specified with ac parameters including signal- 
to-noise ratio, distortion and signal bandwidth. 


4. Fast Microprocessor Interface. 
The AD7669 has bus interface timing compatible with all 
modem microprocessors, 
with bus access and relinquish 
times less than 65 ns and a Write pulse width less than 
90 ns. 
• 


AD7769 -SPECIFICATIONS 


(VDD = +12 V ±10%; 
Vcc = +5 V ±5%; 
AGND[ADC] = AGND[DAC] = DGND= 0 V; 
VB1AS [ADC] = +5 V; VSW1HG [ADC] = +2.5 V; fCLK = 5 MHz external. All specifications 1m;" to 1ma,' 
unless otherwise stated.) 


Parameter 
J Version 
A Version 
Units 
Conditions/Comments 


DC ACCURACY 
Resolution 
8 
* 
Bits 
Relative Accuracy 
±l 
* 
LSB Max 
See Terminology 
Differential 
Nonlinearity 
±l 
* 
LSB Max 
No Missing Codes. See Terminology. 
Bias Offset Error 
See Terminology 


+25'C 
±2.5 
* 
LSB Max 
Tmin to Tmax 
±3.0 
* 
LSB Max 
Bias Offset Match 
Channel A to Channel B 


+25'C 
±2.5 
* 
LSB Max 
Tmin 
to Tmax: 
±3.5 
* 
LSB Max 
Plus or Minus Full-Scale Error 
See Terminology 
+ 25'C 
±2.0 
* 
LSB Max 
Tmin to Tmax 
±2.5 
* 
LSB Max 
Plus or Minus Full-Scale Match 
Channel A to Channel B 


+25'C 
±3.5 
* 
LSBmax 
Tmin 
to Tmax 
±4 
* 
LSB Max 


ADC TO DAC MATCHING 
Channel AIB to VOUTAIB 
Bias Offset Match 
VB1AS(DAC) = +5 V, VSWING(DAC) = +2.5 V. 


+25'C 
±2.5 
* 
LSBmax 
Tmin to Tmax 
±3.5 
* 
LSB Max 
Plus or Minus Full-Scale Match 


+25'C 
±3.5 
* 
LSB Max 
Tmin 
to Truax 
±4.0 
* 
LSB Max 


DYNAMIC 
PERFORMANCE' 
Signal-to-Noise 
Ratio (SNR) 
44 
* 
dB min 
V1N = 100 kHz Full-Scale Sine Wave with fSAMPLING= 400 kHz 
Total Harmonic 
Distortion 
(THD) 
48 
* 
dB Max 
V1N ~ 100 kHz Full-Scale Sine Wave with fSAMPLING= 400 kHz 
Intermodulation 
Distortion 
(IMD) 
60 
* 
dB typ 
f. = 99 kHz, fb = 96.7 kHz with fSAMPLING= 400 kHz 
Frequency 
Response 
0.1 
* 
dB typ 
V1N = Full-Scale, 
dc to 200 kHz Sine Wave 


ANALOG 
INPUTS 
Input Voltage Ranges, VINA, V1NB 
VBIAS - 
VSWING or 0 
Vmin 
Whichever 
Is the Higher 


VBlAS + V WING or 9.8 
Vmax 
Whichever 
Is the Lower 
Input Currents, 
IINA, IINB 
±0.4 
* 
mAmax 


ADC REFERENCE 
INPUTS 
Input Voltage Levels 
VBIAS(ADC) 
2/6.8 
* 
V minimax 
With Respect to AGND (ADC). For Specified Performance. 


VSWING(ADC) 
2.0/3.0 
* 
V minimax 
With Respect to AGND (ADC). For Specified Performance. 


Input Currents 


VBIAS(ADC) Input 
±800 
* 
fl.Amax 


VSWING(ADC) Input 
±l 
* 
fl.Amax 


LOGIC OUTPUTS 
. 


DBo-DB7, 
INT 


Vou Output 
Low Voltage 
0.4 
* 
Vmax 
IS1NK= 1.6 mA 


VOH' Output 
High Voltage 
4.0 
* 
Vmin 
IsouReE ~ 200 fl.A 
DBo-DB7 


Floating State Leakage Current 
±IO 
* 
fl.Amax 
Floating State Capacitance' 
10 
* 
pF Max 
Output 
Coding 
Offset Binary 


POWER 
REQUIREMENTS 
Vce Range 
4.75/5.25 
* 
V minlVmax 
For Specified Performance. 
The Part Will Function 
with Vce = 


5 V ± 10% with Degraded 
Performance. 
Voo Range 
10.8/13.2 
* 
V minIV Max 
For Specified Performance 
100 @ +25'C 
20 
* 
mA max 
For ADC and DAC: VB1AS= 5.0 V; VSWING= 3.0 V; V1NA, 


VUBAm VINB = Tmin to Tmax 
22 
* 
mA Max 
VB1AS;DAC Code = FF (Hex); DACA and DACB Load = 5 kfl 
to AGND (DAC). Typically loa = 14 mA. 


Iee@ 
+25'C 
5 
* 
mAmax 
Logic Inputs = 2.4 V, CLK Input = 0.8 V. Typically Ice = 


Tmin 
to Tmax 
6 
* 
mAmax 
1.5 mA. 


NOTES 
ITemperature range as follows: J Version: 0 to +70°C; A Version: -40°C to +85°C. 
2Sample tested at +25°C to ensure compliance. 


*Specification 
same as J Version. 


Specifications subject to change without notice. 


(VDD = +12 
V ±10%; 
Vee = +5 
V ±5%; 
AGNO [OAC) = AGNO [AD C) = OGNO = 0 V; 


DACA DACB SPECIFICATIONS 
VBIAS[OAC) = +5 
V; ~S~IN~ [OAC) = +2.5 
V; VDUTA,VDUTB.Ioad to AGNO [OAC), Rl = 5 kG, 


I 
Cl = 100 pF. All specifications 
Tmin to Tm3.' 
unless 
otherwise 
stated.) 


Parameter 
J Version 
A Version 
Units 
Conditions/Comments 
,. 


STATIC 
PERFORMANCE 
Resolution 
8 
• 
Bits 


Relative Accuracy 
±1 
· 
LSB max 
See Terminology 


Differential 
Nonlinearity 
±1 
· 
LSB max 
Guaranteed 
Monotonic. 
See Terminology. 
Bias Offset Error 
See Terminology 


+25°C 
±2.0 
· 
LSB Max 
Tmin 
to TmaJ: 
±2.5 
· 
LSB Max 
Bias Offset Match 
VOUTA to VOUTB 
+25°C 
±2.5 
· 
LSB Max 
Tmin to Tmax 
±3.5 
· 
LSB Max 
Plus or Minus Full-Scale Error 
See Terminology 
+ 25°C 
±1.5 
· 
LSB Max 
Tmin to Tmax 
±2.0 
· 
LSB Max 
Plus or Minus Full-Scale Match 
VOUTA to VOUTB 
+25°C 
±3.5 
· 
LSB Max 


Tmin 
to Tmu: 
±4.0 
· 
LSB Max 


ADC to DAC MATCHING 
As Per ADC Specifications 


DYNAMIC 
PERFORMANCE' 
Signal-ta-Noise 
Ratio (SNR) 
44 
· 
dB min 
VOUT= 20 kHz Full-Scale Sine Wave With fSAMPLING= 400 kHz 


Total Harmonic 
Distortion 
(THD) 
48 
· 
dB Max 
VOUT= 20 kHz Full-Scale Sine Wave With fSAMPLING= 400 kHz 


Intermodulation 
Distortion 
(IMD) 
55 
· 
dB typ 
f. = 18.4 kHz, fb = 14.5 kHz with fSAMPLlNG= 400 kHz 


ANALOG 
OUTPUTS 
Output 
Voltage Ranges 
VoUTA, VoUTB 
VBIAS- VSWINGor 0.5 
Vmin 
Whichever 
Is the Higher 
V BIAS + V SWING or 
VDD -2.0 
Vmax 
Whichever 
Is the Lower 
DC Output 
Impedance 
0.5 
· 
Otyp 
Short-Circuit 
Current 
20 
· 


mA typ 


DAC REFERENCE 
INPUTS 
Input Voltage Levels 
VBIAS(DAC) 
3/6.8 
· 
V minimax 
With Respect to AGND (DAC). For Specified Performance. 


VSWING(DAC) 
2.0/3.0 · 
V minimax 
With Respect to AGND (DAC). For Specified Performance. 
Input Currents 


VBIAS(DAC) Input 
±2 
· 


fJ-Amax 
VSWING(DAC) Input 
±1 
· 


fJ-Amax 


AC CHARACTERISTICS' 
Voltage Output 
Settling Time 
4 
· 


fl-Smax 
Settling Time to Within 
± 1/2 LSB of Final Value. Typically 2.5 fJ-S. 


Digital-ta-Analog 
Glitch Impulse 
30 
• 
nV sec typ 
See Terminology 
Digital Feedthrough 
1 
· 
nV sec typ 
See Terminology 


LOGIC INPUTS 
,. 


~RD, 
WR, ADaDAC, 
CHAICHB, 
DBQ-DB7 
Input Low Voltage, VINL 
0.8 
· 
Vmax 


Input High Voltage, V1NH 
2.4 
• 
Vmin 
Input Leakage Current 
±10 
· 


fJ-Amax 
Input Capacitance 
10 
· 
pF Max 
CLK 
Input Low Voltage 
0.8 
· 
Vmax 
External Clock. For Internal Clock Operation 
Connect 
Input High Voltage 
2.4 
· 
V min 
the CLK Pin to VDD' 
Input Leakage Current 
±10 
• 
fJ-Amax 
DBQ-DB7 
Input Coding 
Ofrset Binary 


POWER 
REQUIREMENTS 
As per ADC Specifications 


• 


NOTES 
ITemperamre range as follows: J Version: 0 to +70oe; A Version: -40°C to +85°C. 
2Sample tested at +25°C (0 ensure compliance. 


*Specifications 
same 
as J Version. 
Specifications subject to change without notice. 


AD7769 


NG CHARACTERISTICS 
" 
2 (Vee = +5 V :t5%; 
Voo = +12 
V :t10%; 
AGNO [AOC] = AGNO [OAC] = OGNO = 0 V. 
TIMI 
For AOC and OAC, VilAS= +5 V, VSW1NG = +2.5 
V.l 


Limit at 
Limit at 
Parameter 
Label 
+25°C 
T min' T ••••• 
Units 
Test Conditions/Comments 


ADClDAC CONTROL 
TIMING 
CS to WR Setup Time 
t, 
0 
0 
ns min 
CS to WR Hold Time 
tz 
0 
0 
ns min 
ADClDAC to WR Setup Time 
t3 
0 
0 
ns 
ADClDAC to WR Hold Time 
t. 
0 
0 
ns min 
CHNCHB 
to WR Setup Time 
ts 
0 
0 
ns min 
CHNCHB 
to WR Hold Time 
1,; 
0 
0 
ns min 
WR Pulse Width 
t, 
80 
80 
ns min 


ADC CONVERSION 
TIMING 
Using External Clock 
Load Circuit of Figure 3, CL = 20 pF 
WR to INT Low Delay 
t. 
2.6 
2.6 
jJ.smax 
Using Internal Clock 
Load Circuit of Figure 3, CL = 20 pF 
WR to INT Low Delay 
t. 
1.9/3.0 
1.9/3.0 
jJ.sminimax 
Typically 2.5 jJ.S 
WR to INT High Delay 
~ 
85 
85 
ns max 
Load Circuit of Figure 3, CL = 20 pF 
~ 
120 
120 
ns max 
Load Circuit of Figure 3, CL = 100 pF 
WR to Data Valid Delay' 
tlO 
t.+70 
t.+70 
ns max 
Load Circuit of Figure 1, CL = 20 pF 
tlO 
t.+ 110 
t.+ 110 
ns max 
Load Circuit of Figure 1, CL = 100 pF 


ADC READ TIMING 
CS to RD Setup Time 
tll 
0 
0 
nsmin 
CS to RD Hold Mode 
t,z 
0 
0 
ns min 
RD to Data Valid De1ay3 
tl3 
15/65 
15/65 
ns minimax 
Load Circuit of Figure 1, CL = 20 pF 
tl3 
30/100 
30/100 
ns minimax 
Load Circuit of Figure 1, CL = 100 pF 
Bus Relinquish Time after RD High' 
t,. 
15/65 
15/65 
ns minimax 
Load Circuit of Figure 2 
RD to INT High Delay 
tIS 
80 
80 
ns max 
Load Circuit of Figure 3, CL = 20 pF 
tIS 
110 
110 
ns max 
Load Circuit of Figure 3, CL = 100 pF 
RD Pulse Width 
t,. 
tl3 
tl3 
ns min 
Determined by t 13 


DAC WRITE TIMING 
Data Valid to WR Setup Time 
t17 
65 
65 
ns min 
Data Valid to WR Hold Time 
t18 
15 
20 
ns min 
WR to DAC Output Settling Time 
t,. 
4 
4 
jJ.smax 
Load Circuit of Figure 4 


NOTES 
'See Figures 11, 12 and 13. 
'Sample tested at +2S"C to ensure compliance. All input signals are specified with tr = If = S ns (10% to 90% of S V) and timed from a voltage level of 1.6 V. 


3(10 and t13 are measured with the load circuits of Figure 1 and defmed 
as the time required for an output to cross 0.8 V or 2.4 V. 


4(14 is defIned as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 


Specifications 
subject 
to change 
without 
notice. 
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AGND (DAC) 


ABSOLUTE MAXIMUM 
RATINGS· 
Voo to AGND or DGND 
-0.3 
V, +15 V 


Vex. to DGND 
-0.3 
V, Voo +0.3 V or 7 V 
(Whichever is Lower) 
AGND to DGND 
-0.3 
V, Voo 
+0.3 V 
Digital Inputs to DGND 


(pins 12, 13, 15-18) 
-0.3 
V, Voo 
+0.3 V 
Digital Outputs to DGND 
(pins 3-10,11) 
-0.3 
V, Vcc +0.3 V 
Analog Inputs to AGND 
-0.3 
V, Voo +0.3 V 
Analog Outputs to AGND 
-0.3 
V, Voo +0.3 V 
Operating Temperature 
Range 
Commercial (J Version) 
0 to +70oe 
Industrial (A Version) 
-40oe 
to + 85°e 


Power Dissipation (Any Package) 
to +75°e 
500 mW 
Derates Above +75°e by 
6 mWre 
Storage Temperature 
Range 
-65°e 
to + 150 
0e 
Lead Temperature 
(Soldering 10 sees) 
+ 3000e 


'Stresses above those liSled under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation aCthe device at these or any other conditions 
above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at anyone time. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


Model 


AD7769JN 
AD7769JP 
AD7769AN 
AD7769AP 


Temperature 
Range 


ooe to +70oe 
ooe to +70oe 
-40oe 
to +85°e 
-40oe 
to +85OC 


Package 
Option· 


N-28 
P-28A 
N-28 
P-28A 


NOTE 
Do not allow Vex. to exceed Voo by more than 0.3 V. In cases 
where this can happen the diode protection scheme shown below 
is recommended. 
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TOf"V1EW 
lNottoScateI 


.IY•.•••• UlUUlt,,; 


I 
Voo 


2 
Vce 


3-10 
DB7-DBO 


11 
INT 


12 
CLK 


13 
CHNCHB 


14 
DGND 


15 
ADC/DAC 


16 
WR 


17 
RD 


18 
CS 


19 
VSWING(ADC) 


20 
AGND (ADC) 


21 
VINB 


22 
VBIAS(ADC) 


23 
VINA 


24 
AGND(DAC) 


25 
VSWING(DAC) 


26 
VouTB 


27 
VBIAS(DAC) 


28 
VoUTA 


+ 12 V Power Supply. This powers the analog circuitry. 


+5 V Power Supply. This powers the logic circuitry. 


Input/Output 
Data Bus. A bidirectional data port from which ADC output data may be read and 
to which DAC input data may be written. DB7 is the Most Significant Bit. 


Interrupt 
Output (active low). INT is set high on the falling edge of RD or WR to the ADC and 
goes low at the end of a conversion. 


Clock input. A clock is required for the ADC. An external TTL-compatible 
clock may be applied 
to this input pin. Alternatively, tying this pin to V00 enables the internal clock oscillator. With 
an external clock, the mark-space ratio can vary from 30nO to 70/30. 


Channel AlChannel B Select Input. Selects Channel A or Channel B of the DAC or ADC. Used in 
conjunction with WR, RD, CS and ADClDAC for read or write operations. 


Digital Ground. 


ADC or DAC Select Input. Selects either the ADC or the DAC for read or write operations in 
conjunction with WR, RD, CS and CHAICHB. 


Write Input (edge triggered). This is used in conjunction with the ADClDAC, CHAlCHB and CS 
control inputs to start an ADC conversion or write data to the DAC. An ADC conversion starts 
on the rising edge of WR. 


Read Input (active low). This input must be low to access data from the ADC. 


Chip Select Input (active low). The device is selected when this input is low. 


ADC Reference Input. The voltage applied to this pin with respect to AGND (ADC) sets the in- 
put voltage Full-Scale Range (FSR) of the ADC. VIN (FSR) = 2 VSWING(ADC). 


ADC Analog Ground. 


Analog Input for Channel B. See VINA description. 


ADC Reference Input. The voltage applied to this pin with respect to AGND (ADC) sets the 
midpoint of the ADC transfer function. 


Analog Input for Channel A. The input voltage range of both ADC channels is given by: 
VIN AIB = VBIAS(ADC) ±VSWING(ADC). 


DAC Analog Ground. 


DAC Reference Input. The voltage applied to this pin with respect to AGND (DAC) sets the out- 
put voltage Full-Scale Range (FSR) of the DACs. VOUT(FSR) = 2 VSWING(DAC). 


Analog Output Voltage from DAC B. See VoUTA description. 


DAC Reference Input. The voltage applied to this pin with respect to AGND (DAC) sets the 
midpoint output voltage of the DACs. 


Analog Output Voltage from DAC A. The output voltage range of both DACs is given by: 
VOUTAIB = VBIAS(DAC) ± VSWING(DAC). 


TERMINOLOGY 
Relative Accuracy 
For an ADC, Relative Accuracy or endpoint nonlinearity is the 
maximum deviation, in LSBs, of the ADC's actual code transi- 
tion points from a straight line drawn between the endpoints of 
the ADC transfer function, i.e., the 00 to 01 and FE to FF Hex 
(01111111 to 11111111 Binary) code transitions. 


For a DAC, Relative Accuracy or endpoint nonlinearity is a 
measure of the maximum deviation, in LSBs, from a straight 
line passing through the endpoints of the DAC transfer func- 
tion, i.e., those voltages which correspond to codes 00 and FF 
Hex. 


Foe the;:.pa:i1icd 
inpul and OUtpUIranges, 1 LSD 
= 19.5 mY, 


but will vary with VSWING'For both DACs and ADC, 
I LSB = 2 VSWING/ 256 = FSR / 256. 


Differential 
Nonlinearity 
Differential Nonlinearity 
is the difference between the measured 


change and the ideal I LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± I LSB max en- 
sures monotonicity (DAC) or no missed codes (ADC). 


Bias Offset Error 
For an ideal ADC, the output code for an input voltage equal to 
VBIAS(ADC), should be 80 Hex (1ס0ooooo binary). The ADC 
Bias Offset Error is the difference between the actual midpoint 
voltage for code 80 Hex and VBIAS(ADC), expressed in LSBs. 


For an ideal DAC, the output voltage for code 80 Hex should 
be equal to VBIAS(DAC). The DAC Bias Offset Error is the 
difference between the actual output voltage and VBIAS(DAC), 
expressed in LSBs. 


Plus and Minus Full-Scale 
Error 
The ADC and DACs in the AD7769 can be considered as de- 
vices with bipolar (plus and minus) input ranges, but referred to 
VBIAS instead of AGND. Plus Full-Scale Error for the ADC is 
the difference between the actual input voltage at the FE to FF 
code transition and the ideal input voltage (VBIAS + VSWING 
-1.5 
LSB), expressed in LSBs. Minus Full-Scale Error is simi- 
larly specified for the 01 to 00 code transition, 
relative to the 
ideal input voltage for this transition (VBIAS 
- 
VSWING 
+0.5 LSB). Plus Full-Scale Error for the DACs is the differ- 
ence, expressed in LSBs, between the acrual output voltage for 
input code FF and the ideal voltage (VBIAS + VSWING 
- 
1 LSB). Minus Full-Scale Error is similarly specified for code 
00, relative to the ideal output voltage (VBIAS 
- 
VSWING). 
Note 
that Plus and Minus Full-Scale errors for the ADC and the 
DAC outputs are measured after their respective Bias Offset er- 
rors have been adjusted out. 


Digital-to-Analog 
Glitch Impulse 
Digital-to-Analog Glitch Impulse is the impulse injected into the 
analog outputs when the digital inputs change state with either 
DAC selected. It is normally specified as the area of the glitch 
in nV sees and is measured when the digital input code is 
changed by 1 LSB at the major carry transition. 


Digital Feedthrough 
Digital Feedthrough 
is also a measure of the impulse injected 
into the analog outputs from the digital inputs but is measured 
when the DACs are not selected. It is essentially feedthrough 
across the die and package. It is important in the AD7769 since 
it is a measure of the glitch impulse transferred to the analog 
outputs when data is read from the ADC register. It is specified 
in nV sees and is measured with WR high and a digital code 
change from all Os to all Is. 


Signal-to-Noise 
Ratio (SNR) 
SNR is the measured Signal-to-Noise Ratio at the output of the 
converter. The signal is the rms magnirude of the fundamental. 
Noise is the rms sum of all the nonfundamental 
signals up to 
half the sampling frequency. SNR is dependent 
on the number 
of quantization levels used in the digitization process; the more 
levels, the smaller the quantization 
noise. The theoretical SNR 
for a sine wave is given by 


SNR 
= 
(6.02N + 1. 76) dB 


where N is the number of bits. Thus for an ideal 8-bit con- 
verter, SNR = 49.92 dB. 


Total Harmonic 
Distortion 
(THD) 
THD is the ratio of the rms sum of harmonics to the fundamen- 
tal. For the AD7769, Total Harmonic Distortion is defIned as 


(V2+y2+y2+y2+y2)1J2 
2010 
2 
3 
4 
S 
6 


g 
Yi 


where Viis 
the rms amplirude of the fundamental 
and V2' 


V" V4' V5 and V6 are the rms amplirudes of the individual 
harmonics. 


Intermodulation 
Distortion 
(IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies of 
mfa+nfb, 
where m, n = 0, 1, 2, 3 ... 
Intermodulation 
terms 


are those for which m or n is not equal to zero. For example, 
the second order terms include (fa+ fb) and (fa-fb) 
and the third 
order terms include (2fa+fb), 
(2fa-fb), (fa+2fb) and (fa-2fb). 


LOGIC 
TRUTH 
TABLE 


ADC CHANNEL 
SELECT 
AND START 
CONVERSION 
• 
CS 
ADClDAC 
CHAlCHB 
WR 
RD 
DBo-DB7 
INT 
Comments 


0 
0 
X 
Note 1 
Note 1 
1 
INT Is Set on Falling Edge of WR. 


0 
0 
0 
Note 1 
Note 1 
1 
Select ADC Channel A and Start Conversion. 
0 
0 
1 
Note 1 
Note 1 
1 
Select ADC Channel B and Start Conversion. 
0 
INT Goes Low at End of Conversion. 


CS 
ADCIDAC 
CHAlCHB 
WR 
RD 
DBo-DB7 
INT 
Comments 


0 
X 
X 
X 
ADC Data 
1 
INT Is Set High on Falling Edge of RD. 
0 
X 
X 
X 
0 
ADC Data 
1 
ADC Data on Data Bus. 
0 
X 
X 
X 
High-Z 
1 
Data Outputs High Impedance. 


CS 
ADCIDAC 
CHAlCHB 
WR 
RD 
DBo-DB7 
INT 
Comments 


0 
1 
0 
1 
•.•.p Data 
N/C 
f1P Writing Data to DACA. 


0 
1 
1 
1 
•.•.p Data 
N/C 
•.•.p Writing Data to DACB. 
0 
1 
0 
0 
ADC Data 
N/C 
Data from Last ADC Conversion Will Be Written to DACA. 
0 
1 
1 
0 
ADC Data 
N/C 
Data from Last ADC Conversion Will Be Written to DACB. 


1 
X 
X 
X 
X 
High-Z 
N/C 
No Operation. 


NOTES 
Ilf RD ':' 1, DBO-DB7 will remain high impedance. If RD = 0, DBG-DB7 will output previous ADC data. The RD input should not change during a 
convenlOD. 
'X = Don't Care. 
'N/C = No Change. 


CIRCUIT 
DESCRIPTION 
Analog Inputs and Outputs 
The AD7769 provides the analog-to-digital and digital-to-analog 
conversion functions required between the microcontroUer and 
the servo power amplifier in digital servo systems. It is intended 
primarily for closed loop head positioning in Winchester disk 
drives but may also be used for microstepping 
in drives with 
stepper motor head positioning or other servo applications. The 
AD7769 contsins a high speed, 8-bit, sampling ADC with two 
input channels and two 8-bit DACs with output buffer amplifi- 
ers. A unique feature of the AD7769 is the input and output 
signal conditioning circuitry which allows the analog input and 
output voltages to be referred to a point other than analog 
ground. The input range and offset of the ADC, the output 
swing and offset of the DACs may be adjusted independently 
by 
the application of ground-referenced, 
positive control voltages, 
VBIAS(ADC), VSWING(ADC), VBIAS(DAC) and VSWING 
(DAC). Thus, for example, the peak-to-peak output swing of 
the DACs could be set to 3 V above and 3 V below a bias volt- 
ageof5V. 


Figures 5 and 6 show the transfer functions of the ADC and 
DACs and their relationship to VBIASand VSWING'The mid- 


VOUT 
- 
VItfAS+VSWlNO 
(20-1' 
where 0 = N/2S6 
N = DAC 
INPUT 
CODE 
IN DECIMAL 


point code of the ADC, 80 Hex (1ס0ooooo Binary), occurs at an 
input voltage equal to VBIAS'The input FSR of the ADC is 
equal to 2 VSWING'so that the Plus Full-Scale code transition 
(FE to FF Hex) occurs at a voltage equal to VBIAS+ VSWING 
-1.5 
LSBs and the Minus Full-Scale code transition (0I to 00 
Hex) occurs at a voltage VBIAS- VSWING+0.5 LSBs. The 
transfer function of the DACs bears a similar relationship to ' 
VBIASand VSWING'The DAC output voltage for code 80 Hex 
(1ס0ooooo binary) is equal to VBIAS'whilst FF Hex (11111111 
binary) gives an output voltage of VBIAS+ VSWING-I 
LSB 
(Plus Full-Scale) and 00 Hex gives an output voltage of VBIAS 
- VSWING(Minus Full-Scale). 


The ability to refer input and output signals to some voltage 
other than ground is of particular importance in disk drive ap- 
plications. Typically, only + 5 V digital and + 12 V analog sup- 
ply voltages are available, and the analog signals are often 
referred to a voltage around half the analog supply. 


Driving the Analog Inputs and Reference 
Inputs 
The analog inputs, VINA and VINB, must be driven from low 
output impedance sources, such as from op amps. In addition, 
VBIAS(ADC) must be driven from a similar type low impedance 
source (e.g., voltage reference). 


Op amps are not required to drive the VSWING(ADC), VBIAS 
(DAC) and VSWING(DAC) inputs as these are high impedance 
inputs (200 nA typical input current) that feed into on-chip 
buffer amplifiers. The reference voltages for these inputs can be 
derived using suitable resistor divider networks. 


The analog reference available in the disk drive system can be 
used to set the bias voltage of the AD7769, and could also be 
attenuated to provide the reference for the input and output 
swing as shown in Figure 7. The same bias voltage would gener- 
ally (though not necessarily) be used for the ADC and the 
DACs, though the input and output ranges might be different. 


+12 
V 


+5 V 


ANALOG 
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V8•••.s(DAC) 


VB,••.s(ADC) 


AGND 
(CAe) 


AGND 
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ADC Conversion 
Cycle 
Figure 8 shows the operating waveforms for a conversion cycle. 
On the rising edge of WR, the conversion cycle starts with the 
acquisition and tracking of the selected ADC channel, VINA or 
VINB. The analog input voltage is held 50 ns (typically) after 
the fourth falling edge of the input CLK foUowing a conversion 
start. If to in Figure 8 is greater than 150 ns, then the falling 
edge of the input CLK will be seen as the fIrst falling clock 
edge. If to is less than 150 ns, the first falling clock edge to be 
recognized will not occur until one cycle later. 
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Figure 8. Operating 
Waveforms 
Using External Clock 


. Following the "hold" on the analog input, the MSB decision is 
made approximately 
50 ns after the next falling edge of the in- 
put CLK. The succeeding bit decisions are made approxi- 
mately 50 ns after a CLK edge until conversion is complete. At 
the end of conversion, the INT line goes low 100 ns (typically) 
after the LSB decision and the SAR contents are transferred to 
the output latch. The SAR is then reset in readiness for a new 
conversion. 


Track-and-Hold 
The track-and-hold 
(TIH) amplifier on the analog input to the 
ADC of the AD7769 allows the ADC to accurately convert an 
input sine wave of 5 V peak-to-peak amplitude up to a fre- 
quency of 200 kHz, the Nyquist frequency of the ADC when 
operated at its maximum throughput 
rate of 400 kHz. This 
maximum rate of conversion includes conversion time and time 
between conversions. Because the input bandwidth of the track- 
and-hold is much greater than 200 kHz, the input signal should 
be band limited to avoid folding unwanted signals into the band 
of interest. 


DAC Outputs 
The D/A converter outputs are buffered with on-board; high 
speed op amps that are capable of driving 5 kO and 100 pF 
loads to AGND (DAC). Each output amplifier settles to within 
I/tLSB 
of its fInal output value in typically less than 2.5 ILS. 


See Figures 9 and 10 for waveforms of the typical output set- 
tling time performance. 


The output noise from the amplifiers with full scale on the 
DACs is typically 200 ILV peak-to-peak. 
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Internal I External Clock Operation 
The AD7769 can be operated on either its own internal clock 
or with an extemally applied clock signal . For internal clock 
operation the CLK input must be tied to VDO' No external 
components are required. 
The internal clock typically runs at 
5 MHz giving a typical conversion time of 2.5 
ILS. For external 
clock operation the CLK input must be driven with a TTU 
HCMOS compatible input. The mark/space ratio of the clock 
signal can vary from 30/70 to 70/30. For an input frequency of 
5 MHz, the conversion time is 2.5 ILS. 


Digital Inputs and Outputs 
The AD7769 communicates over a standard, 
8-bit microproces- 
sor data bus and is controlled by standard mpu control lines, 
CS, WR, RD, INT, plus two address lines, ADC/DAC and 
CHAICHB, which select the DAC or ADC function and Chan- 
nel A or Channel B input/output 
channel. The Chip Select (CS) 


line selects the device, Write (WR) is used to initiate ADC con- 
.' 
versions or to write data to the DAC, depending on the state of 
ADC/DAC. INT is a status flag that indicates completion of a 
conversion, while RD is used to read ADC output data. The 
8-bit data port (DBO-DB7) is a bidirectional port into which 
data can be written to the two DAC registers, and from which 
data can be read from the ADC register. ADC output data may 
also be written directly into either of the DAC registers. 


These logical operations are detailed in Table I and in the tim- 
ing diagrams, Figures 11 to 13. Figures 12 and 13 show the 
fairly straightforward 
operations of reading ADC data and writ- 
ing data to the DACs, and need little explanation. 
Figure 11 
shows the timing for ADC channel selection and conversion 
start. This is more complicated as the state of the data outputs 
during a conversion depends on CS and RD. 


To initiate a conversion (or any other operation) the device must 
be selected by taking CS low. A conversion is started by taking 
WR low, then high again (conversion starts on rising edge of 
WR). There are three possibilities for the state of the data out- 
puts during the conversion. 


I. If RD is held high, the data outputs will be high impedance 
throughout 
the conversion. 


2. If RD and CS are both held low until after INT goes low, 
then DBa-DB7 
will initially output data from the last con- 


version. After INT goes low the new conversion data will 
appear on DBa-DB7. 


slOn, the l1eVlcewill be l1e-selectel1anl1 UHl}-UH7 
will revert 
to their high impedance state. This will not affect completion 
of the conversion, but the data cannot be read, or any other 
operation performed, 
until CS is taken low again. 


4. Note that the state of RD should not be changed during a 
conversion. 
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Figure 11. Timing for ADC Channel Select and Conversion 
Start 
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NOTE 
1 


NOTE 1. THE TIME AXIS 
IS COMPRESSED FOR THIS SECTION 
OF THE DIAGRAM 


In Ulgttal :SIgnalYrocessmg lU:SY)appl1cauon areas lIke vOIce 
recognition, echo cancellation and adaptive fIltering, the dy- 
namic characteristics (SNR, Harmonic Distortion, 
Intermodula- 


tion Distortion) of both the ADC and DACs are critical. The 
AD7769 is specified dynamically as well as with standard dc 
specifications. Because the lrack/hold amplifier has a wide band- 
width, an antialiasing fIlter should be placed on the VINA and 
VINB inputs to avoid aliasing of high frequency noise back into 
the bands of interest. 


The dynamic performance of the ADC is evaluated by applying 
a sine wave signal of very low distortion to the VINA or VINB 
input which is sampled at a 409.6 kHz sampling rate. A Fast 
Fourier Transform (FFT) plot or Histogram plot is then gener- 
ated from which SNR, harmonic distortion and dynamic differ- 
ential nonlinearity data can be obtained. For the DACs, the 
codes for an ideal sine wave are stored in PROM and loaded 
down to the DAC. The output spectrum is analyzed, using a 
spectrum analyzer to evaluate SNR and harmonic distortion per- 
formance. Similarly, for intermodulation 
distortion, 
an input 


(either to VIN or DAC code) consisting of pure sine waves at 
two frequencies is applied to the AD7769. 


Figure 14 shows a 2048 point FFT plot of the ADC with an 
input signal of 130 kHz. The SNR is 49.2 dB. It can be seen 
that most of the harmonics are buried in the noise floor. It 
should be noted that the harmonics are taken into account when 
calculating the SNR. The relationship between SNR and resolu- 
tion (N) is expressed by the following equation: 


SNR 
= (6.02N+ 1.76) dB 


INPUT FREQUENCY", 
130.6 
kHz 
SAMPLE FREQUENCY:: 
409.6 
kHz 


SNR '" 48.4 dB 
T.• = 25"C 


This is for an ideal pan with no differential or integra1linearity 
errors. These errors will cause a degradation in SNR. By work- 
ing backwards from the above equation, it is possible to get a 
measure of ADC performance expressed in effective number of 
bits (N). The effective number of bits is plotted versus fre- 
quency in Figure 15. The effective number of bits typically falls 
between 7.7 and 7.9, corresponding 
to SNR Figures 48.1 and 
49.7 dB. 


Figure 16 shows a spectrum analyzer plot of the output spec- 
trum from one of the DACs with an ideal sine wave table loaded 
to the data inputs of the DAC. In this case, the SNR is 47 dB. 
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Histogram 
Plot 
When a sine wave of specified frequency is applied to the V1NA 
or V1NBinput of the AD7769 and several thousand samples are 
taken, it is possible to plot a histogram showing the frequency 
of occurrence of each of the 256 ADC codes. If a particular step 
is wider than the ideal I LSB width, then the code associated 
with that step will accumulate more counts than for the code for 
an ideal step. Likewise, a step narrower than ideal width will 
have fewer counts. Missing codes are easily seen because a 
missing code means zero counts for a particular code. The ab- 
sence of large spikes in the plot indicates small differential non- 
linearity. 


Figure 17 shows a histogram plot for the ADC indicating very 
small differential nonlinearity and no missing codes for an input 
frequency of 204 kHz. For a sine wave input, a perfect ADC 
would produce a probability density function described by the 
equation: 


where A is the peak amplitude of the sine wave and p (V) the 
probability of occurrence at a voltage V. The histogram plot of 
Figure 17 corresponds very well with this shape. 
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Figure 17. ADC Histogram 
Plot 


In digital signal processing applications, where the AD7769 is 
used to sample AC signals, it is essential that the signal sam- 
pling occurs at exactly equal intervals. This minimizes errors 
due to sampling uncertainty or jitter. A precise timer or clock 
source, to start the conversion process, is the best method of 
generating equidistant 
sampling intervals. 


MICROPROCESSOR 
I MICROCOMPUTER 
INTERFACING 
The AD7769 is designed for easy interfacing to microprocessors 
and microcomputers 
as a memory mapped peripheral or an I/O 
•• 
device. In addition, the AD7769 high speed bus timing allows 
direct interfacing to many DSP processors such as the 
TMS32OCIO and ADSP-2101. 


AD7769 - TMS32OCIO Interface 
A typical interface to the TMS32OCI0 is shown in Figure 18. 
The AD7769 is mapped at a port address, and the interface is 
designed for the maximum TMS32OCIO clock frequency of 
20 MHz. 
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TMS32OC10 
cs 
PA2 
AD7769* 


PAl 
ADC/DAC 


PAO 
CHA/CHB 


WE 
WR 


DEN 
RD 


INT 
INT 


DB7 


Conversion is initiated on the selected AD7769 ADC channel 
using a single I/O instruction, 
<OUT 
ADC, A>. The processor 
then polls INT until it goes low before reading the conversion 
result using an <IN A, ADC> instruction. 
Writing data 
to the relevant AD7769 DAC consists of an <OUT 
DAC, A> 


instruction. 


AD7769 - ADSp·2101 Interface 
Figure 19 shows a typical interface to the DSP microcomputer, 
the ADSP-210J. 
The ADSP-2101 is optimized for high speed 
numeric processing tasks. 


OM13 


OMO 


Because the instruction cycle of the ADSP-2101 is very fast 
(80 ns cycle), the WR and RD pulses must be stretched out to 
suit the AD7769. This is easily achieved as the ADSP-2101 
memory interface supports slower memories and memory- 
mapped peripherals (i.e., AD7769) with a programmable 
wait 
state generation capability. A number of wait states, from 0 to 
7, can be specified for each memory interface. One wait state is 
sufficient for the interface to the AD7769. 


AD7769 - 8051 Interface 
A choice of two interface modes are available to the 80SI 
microcomputer. 


Figure 20 shows a typical interface to the 8051 processor bus. It 
is suitable for the maximum 8051 clock frequency of 12 MHz. 
In this interface mode, Port 0 provides the multiplexed low or- 
der address and data bus and Port 2 provides the high order 
address bus (A.-AI')' 


Figure 21 shows the AD7769 interfaced to the 8051 parallel I/O 
ports. This interface circuit is simpler to implement than the 
previous interface to the processor bus, but, in general, the 
maximum data throughput 
rate is much slower (for the same 
clock frequencies). 
In addition to its simplicity, the interface to 
the parallel I/O ports versus the processor bus allows indepen- 
dent control of both the WR and RD inputs to the AD7769. 


For example, the 8051 can set both WR and RD low at the 
same time. This permits data from the last ADC conversion to 
be written directly from the ADC register into the selected DAC 
register (see Logic Truth Table). This allows very fast transfer 
of data from the ADC to the DAC and is a useful feature for 
some applications such as a fast, programmable, 
infinite sample- 
and-hold function. 
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Figure 21. AD7769 to 8051 (Parallel If0 Ports) Interface 


AD7769 - MC68HCll 
Interface 
Figure 22 shows a typical interface between the AD7769 and the 
MC68HCll 
microcomputer. 
This interface is designed for the 
maximum MC68HCll 
clock speed of 8.4 MHz. The microcom- 


puter is operated in the expanded multiplexed mode, with the 
AD7769 as a memory mapped peripheral. 
The expansion bus is 


made up of Ports B and C, and control signals AS and RIW. 


APPLICATIONS 
The AD7769 analog 110 pon is used to conven servo related 
signals between the analog and digital domains. The input struc- 
ture of the two-channel ADC makes it very easy to conven the 
typical output signals provided by a servo demodulator. 


In a magnetic disk drive employing a dedicated servo surface, 
the servo demodulator 
produces two, positive-only, quadrature 
signals, generally sinusoidal or triangular, from the di-bit 
patterns read from the servo surface. The quadrature 
signals 
have the form of VBIAS ± VSWING' 
The very fast conversion 
time of the AD7769 ADC allows sequential conversion of these 
quadrature 
signals without introducing 
significant phase delay 
errors. These convened signals provide the servo microcontrol- 
ler with position and track crossing information from which ve- 
locity information can be derived. In optical disk drives, 
analogous servo signals can be derived from the quad photo- 
diode detector to provide position and focus information for the 
microcontroller. 


The two DACs in the AD7769 accept servo data from the mi- 
crocontroller to position the head assembly. The DACs provide 
positive-only output signals of the form VBIAS ± VSWING' 
which are ideal for driving voice coil motors. In magnetic disk 
drives, a single voice coil motor is used to position the head as- 
sembly and one DAC is usually sufficient to drive the motor in 
both the seek and track modes. In the seek mode, the DAC can 
be used to generate directly the desired analog velocity trajectory 
which the head must travel in order to achieve minimum access 
times. Alternatively, 
the DAC can generate a servo error value 


(computed by the microcontroller) 
between the actual head ve- 
locity and the desired head velocity. In the track mode, the 
DAC can be used to provide a position error signal to keep the 
head over the track or to detent the head off track, for such 
purposes as thermal compensation and soft error retries. The 
second DAC in the AD7769 may be employed in this fme posi- 
tioning loop. Alternatively, 
the second DAC can be used to con- 
trol the speed of the spindle motor via a pulse width modulator. 
In optical disk drives two voice coil motors are used, requiring 
both DACs of the AD7769-one 
for the focus servo loop and 
one for the radial positioning servo loop. 


A typical servo control loop using the AD7769 is shown in Fig- 
ure 23. In this dedicated servo drive, the servo demodulator 
convens the servo information bit patterns from the disk into 
the standard N and Q (normal and quadrature) 
servo signals. 


The voice coil motor current, IL, is bidirectional and is supplied 
by the power transconductance 
amplifier. One input to this am- 
plifier is held at VBIAS (DAC), while the other input is driven 
from a DAC output, VOUT AIB. Typical input/output 
wave- 
forms for this power stage are shown in Figure 24. The 
transconductance, 
Go, of the power stage is determined 
by ex- 
ternal sense resistors. 


Figure 23. Typical Dedicated Servo 
Control Loop Using 
the AD7769 
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Figure 24. Typical Relationship Between Input Voltage 
and Output Current for Transconductance Amplifier 
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Since both VBIAS(DAC) and VSWING(DAC) are common to 
both output channels, the full-scale output voltages of both 
channels are nominally identical. However, by adding an exter- 
nal op amp and scaling resistors, it is possible to attenuate the 
full-scale output voltage of one (or both) of the DAC outputs to 
effectively increase the output voltage resolution. Figure 25 
shows channel A being attenuated using a resistor scaling of 
10:1. The attenuated output voltage, VouTA', 
is 


VouTA' 
= VBlAS + (VswINdlO)(2DA-li. 


The output voltage of Channel B remains at 


VouTB 
= V BIAS + V SWING (2DB-lI. 


DA and DB are fractional representations 
of the DAC input 
codes, e.g., DA = NA/256 
and DB = NB/256. 
For example, 
with a VSWINGvoltage level of 2 V, the Channel B output span 
is 4 V with an LSB size of 15.6 mV and (attenuated) 
Channel A 
output span is 400 mV with an LSB size of 1.56 mV. Changing 
the resistor scaling in Figure 25 obviously changes the attenu- 
ated full-scale output. 


A single change to the circuit Figure 25 allows the two DAC 
outputs to be combined to provide a single analog output with 
resolution beyond the standard 8-bits. Figure 26 shows the rear- 
ranged circuit. The composite output, VOUT' is 


VOUT = VouTB 
+ (VswINdI0)(2DA-Ij 


VOUT = VBIAS + VSWING (2DB-Ij 
+ (VswING/IOj 
12DA-li. 


R 


AD7769 
lOR 


lOR 
VouTA 


R 


VB1AS {OACI 
VeiAs 


VouT8 


V SWINO (OACI 
VSwtNO 


ut\\.. t\ can oe programmea 
to proauce an Imerpolanon 
!Unc- 
tion between the 8-bit steps of DAC B to allow, for example, 
very smooth velocity profile waveforms to be generated. 


Servo Offset Facility 
Most dedicated servo disk drives offer an offset facility whereby 
some small voltage is injected into the track-following loop. The 
purpose of the offset is to move the head to the right or left of 
its current on-track position to permit reading of off-track data. 
The circuit is shown in Figure 27. With the 10:I resistor scaling 
used in the circuit the output voltage, VOUT' is 


VOUT = VPE + (VswINdIO) 
(2DA-I). 


R 


With no offset added, VOUT = VPE' 
where VPE is the position 
error voltage which the servo loop normally drives to its zero 
level, VB1AS'When an offset voltage is supplied by DAC A, the 
action of the servo is to move the head away from its current 
on-track position until the position error voltage is equal and 
opposite to the offset voltage. The position of the head about 
the track centre is thus programmable. 


Programmable 
Full-Scale 
Range 
The output voltage span of both DACs is determined 
by the 
VSWING(DAC) voltage level. This is normally supplied from 
some fixed voltage source. However, it is possible to use one 
of the DAC channels to generate a programmable 
VSWINGvolt- 
age level. The remaining channel will thus have a full-scale 
range and LSB size which is software programmable. 
This cir- 
cuit is shown in Figure 28 where VouTB is used in an implicit 
feedback loop to generate a programmable 
swing voltage, 
VSWING 
(DAC), for the AD7769 from an external fixed input 
swing voltage, VSWING'Using the 5:1 resistor scaling shown in 
Figure 28, the expression for the AD7669 input swing voltage is 


VSWING 


12Dr1) 
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Figure 28. Generating a Software Programmable 
VSWING 
(DAC) 


For example, with a fixed input swing voltage of 2.5 V, the pro- 
grammable span via DAC B is as follows: 


DB = 0: 
VSWING(DAC) = 2.08 


DB = 1/2: 
VSWING(DAC) = 2.5 V = VSWING 


DB - 
I: 
VSWING(DAC) = 3.125 V 


The AD7769 is specified for a VSWING(DAC) voltage range 
from 2 V to 3 V, although in practice this range can be ex- 
tended while still maintaining monotonic operation. 


Closed Loop Microstepping 
Microstepping is a popular technique in low density disk drives 
(both floppy and hard disk) which allows higher positional reso- 
lution of the disk drive head over that obtainable from a full- 
step driven stepper motor. Typically, a two-phase stepper motor 
has its phase currents driven with a sine-cosine relationship. 
These cosinusoidal signals are generated by two DACs driven 
with the appropriate data. The resolution of the DACs deter- 
mines the number of microsteps into which each full step can be 
divided. For example, with a 1.8° full-step motor and a 4-bit 
DAC, a microstep size of 0.11° (1.8°/2n) is obtainable. 


The microstepping 
technique improves the positioning resolu- 
tion possible in any control application. However, the positional 
accuracy can be significantly worse than that offered by the orig- 
inal full-step accuracy specification due to load torque effects. 
To ensure that the increased resolution is useable, it is therefore 
necessary to use a closed-loop system where the position of the 
disk drive head (or motor) is monitored. 
The closed-loop system 
allows an error between the desired position and the actual posi- 
tion to be monitored and corrected. The correction is achieved 
by adjusting the ratio of the phase currents in the motor wind- 
ings until the required head position is reached. 


The AD7769 is ideally suited for the closed-loop microstepping 
technique with its dual DACs for positioning the disk drive 
head and dual channel ADC for monitoring the position of the 
head. A typical circuit for a closed-loop microstepping 
system is 
shown in Figure 29. The DAC waveforms are shown in Figure 
30 along with the direction information of clockwise rotation 
supplied by the controller. 
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Figure 29. Typical Closed-Loop Microstepping Circuit with 
the AD7769 


'=~, 
1============ 
_ • 


~~·lJ============ 
~~ 
Figure 30. Typical Control Waveforms for the Microstep- 
ping Circuit of Figure 29 


A typical transducer would be a moire-fringe transducer 
which 
consists of two gratings, one fIXed and one moveable. The rela- 
tive positions of these two gratings will modulate the amount of 
light from a LED which can pass through. 
In order to derive 
head direction information the stationary grating has two sets of 
bars, with a 90° phase relationship, 
and two photo-transistors. 


The quadrature 
sinusoidal output waveforms (N & Q) can be 
converted directly by the AD7769. 


Multichannel 
EJ:pansion 
In some applications, more than two analog input channels are 
required to be convened by the ADC. Figure 31 shows a circuit 
configuration for such an application. The ADG528A is a 
latched, 8-ehannel analog multiplexer that is ideally suited for 
this application since it is specified for single supply operation 
(+12 V ±10%). 


The CS, ADClDAC and WR inputs of the AD7769 are gated to 
drive the WR input of the ADG528A. The mulTiplexer input 
signal is selected on the falling edge of the WR pulse while the 
signal is latched on the rising edge. Also, on the rising edge of 
WR, the AD7769 ADC starts conversion. Therefore, 
the output 
signal of the multiplexer must have settled to within 8-bits over 
the duration of the WR pulse (see ADC Conversion Cycle sec- 
tion for details). The toN (WR) and settling time of the 
ADG528A thus determines the width of the WR pulse. 
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LC2MOS Complete Embedded 
Servo Front Ends for HOD 


AD7773/AD7775* 
I 


FEATURES 
1G-Bit, 3 f.LS ADC 
Two DACs with Output Amplifiers 
One 10-Bit, 4 f.LS Settling DAC 
One 8-Bit, 3 •.•.s Settling DAC 
Fully Integrated Burst Detector 
Power-Down Mode 
+5VOnly 
Fast Interface Port 
28-Pin SOIC Package 


APPUCATIONS 
Embedded Servo For HOD 
Combined Dediceted IEmbedded Servo 


GENERAL DESCRIPTION 
The AD7773 and AD7775 provide all the functionality neces 
to implement the servo demodulator and head position\.n. 
in embedded servo systems. A power-<iown mode 
hicn 
all the linear circuitry OFF enhances the use -of. 
D7 
AD7775 in portable systems. 


The demodulator 
channel can cap 
s 
tI servo 
from a variety of embedded servo Plmerns. Up t 
tial servo burst signals can be synchrOhousl 
em 
, 
wave rectified and integrated. At the end of a tiust 
nod 
integrated output voltage, representing 
the amplitude of a cap" 


rured burst, is sampled and held on one of four internal track! 
hold amplifiers prior to conversion. Mter conversion the digi- 
tized burst signals from the ADC are fed to four lO-bit wide 
data registers. 


The AD7773 and AD7775 also contain two independent 
voltage- 
output DACs: one with lO-bit resolution and one with 8-bit 
resolution. The two DACs produce output signals of the form 
VBIAS ± VSWING 
where VBIAS and VSWING 
are internally gener- 


ated on-chip. The VBIAS signal is available externally on the 
REFOUT 
pin. 


The devices are easily interfaced to popular DSP processors 
and microcontrollers. 
The AD7773 has a lO-bit data port with 
separate address pins. The AD7775 has a lO-bit multiplexed 
address/data bus with an ALE input to latch the address. 


The AD7773 and AD7775 are fabricated in linear compatible 
CMOS (LC2CMOS), 
an advanced, mixed technology process 
that combines precision bipolar circuits with low power CMOS 
logic. The devices are available in 28-pin SOIC packages. 
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This information 
applies 
to a product 
under 
development. 
Its characteristics 
and specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless otherwise 
agreed 
to in writing. 


ADC Resolution 
Differential Voltage Gain 


Differential Input Voltage for 
Half-Scale ADC Output 
Differential Input Resistance 
Differential Input Capacitance2 


Common-Mode Input Resistance 
Common-Mode Input Capacitance2 


ZCD Differential Hysteresis, VH 


Frequency Response to 
Pulse Harmonics 
Common-Mode Rejection Rati02 


Power Supply Rejection Rati02 
Channel Noise Level2 


Composite Noise Rejection2 


VIN' Differential Input Signal Range 
for Monotonic Channel Operation 
ADC Code for 75 mV p-p 
Differential Input Voltage 


Voltage Change Across CINT for 
Full-Scale ADC Range 
Gm, Transconductance 
from V'N to 


lOUT 
at C,~ 
+) 


Relative Accuracy 


Channel Mismatch 
Crosstalk Between Bursts 
ADC Conversion Time 
TCLKIN 
TCLKIN High2 
TCLKIN Lowl 
Output Coding 


ANALOG OUTPUTS' 
Output Voltage Range 


Digital-to-Analog Glitch Impulse2 
Digital Feedthrough2 
DC Output Impedance2 


Short-Circuit Currenr 
Power Supply Rejection Ratio' 
Input Coding 


DACA 
Resolution 
Output Voltage Settling Time' 


Relative Accuracy 
Differential Nonlinearity 
Bias Offset Error 
Plus or Minus Full-Scale Error 


Bits 
LSBN p-p min 
LSBN p-p max 


All AC Test Waveforms are Sinusoidal. Minimum 
Signal Frequency Is 2 MHz. 


Typically 55 mY; See Figure 20 under Design 
Information 


See Tertninology 
See Tertninology 
See T 
ogy 
SeeT~oogy 
er 
:to Half-Scale; See Tertninology 


14 FS to 3/4 FS; See Tertninology 
1/8 FS to 7/8 FS; See Tertninology 
Measured at Half-Scale; See Tertninology 
See Tertninology 
Per Captured Burst; See Tertninology 
Period of Input Clock CLKIN 
Minimum High Time for CLKIN 
Minimum Low Time for CLKIN 


See Tertninology 
See Tertninology 


See Tertninology 
Programmable via Location CR6 of the Control 
Register 


Settling Time to Within ± 1/2 LSB of Final Value; 
Typically 2.0 I1S 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


1/1.25 


4/6 
1/10 
2/3 
2/20 
4OnO 


V p-p minimax 
kO minimax 
pF minimax 
kO minimax 
pF minimax 
mV p-p minimax 


%max 
dB min 
dB min 
dB min 
dB min 


I1S max 


I1S minimax 
ns min 
ns min 


VBIAS - VSWING 
V min 
VBIAS + VSWING 
V max 
15 
nV see typ 
I 
nV see typ 
0.5 
0 typ 
10 
mA typ 
20 
dB min 
Offset Binary/2s Complement 


10 
Bits 


4 
I1S max 


±1 
LSB max 
±1 
LSB max 
±8 
LSB max 
±8 
LSB max 


ANALOG OUTPUTS3 
(Continued) 
DACB 
Resolution 
Output Voltage Settling Time2 


Relative Accuracy 
Differential Nonlinearity 
Bias Offset Error 
Plus or Minus Full-Scale Error 


LOGIC INPUTS 
CS, WR, RD, CTRL, CLKIN, 
RESET & ALE (AD7775), 
AO & Al (AD7773) 
Input Low Voltage, VINL 
Input High Voltage, VINL 
Input Leakage Current 
Input Capacitance' 


LOGIC OUTPUTS 
DBD-DB9 (AD7773) 
ADD-DB9 (AD7775) 


VOL' Output Low Voltage 
VOH' Output High Voltage 
Floating State Leakage Current 
Floating State Capacitance' 


POWER REQUIREMENTS 
VCC Range 
lee, Normal Mode 


Power-Up Time to Operational 
Specifications' 


DAC REFERENCE 
INPUTS 
VBIASfor both DACs 


VSWINGfor both DACs 


REFERENCE 
OUTPUT' 
REFOUT 
Reference Load Change 


Bits 
fLsmax 
Settling Time to Within ± 1/2 LSB of Final Value; 
Typically 2.0 fLS 
LSB max 
LSB max 
LSB max 
LSB max 


Vmax 
Vmin 
fLAmax 
pF max 


500 
fLsmax 


REFOUT 
V 


REFOUT/2 
V 


2.1/2.2 
V minimax 
±2 
mVmax 


±5 
mV max 


For Specified Performance 
trol Register Locations CR8 = CR9 = Logic 
High 
Control Register Locations CR8 = Logic High, 
CR9 = Logic Low 
All Linear Circuitry OFF 


From Standby Mode 
• 


Internally Connected. Available Externally on 
REFOUT 
Pin 
Internally Connected 


For Reference Load Current Change of 0 to 
± 500 fLA 
For Reference Load Current Change of 0 to ± 2 mA 
Reference Load Should Not Change During 
Conversion 


NOTES 
'Temperature 
range as follows: J Version: O·C 10 +70"C. 
2Guaranteed by design, 
Dot production tested. 
'Output 
load of IOklllOO pF is referenced to REFOUT. 
"Sample tested at 2SoC to ensure compliance. 
5For capacitive loads greater than 100 pF a series resistor is required. 


Specifications 
subject 
to change 
without 
notice. 
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applies to a product 
under 
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are subject 
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without 
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unless otherwise 
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AD7773/AD7775 


INTERFACE TIMING CHARACTERISTICS-AD77731, 2 


Limit at 
Parameter 
Label 
TMIN• TMAX 
Units 
Test Conditions/Comments 


INTERFACE 
TIMING 
Address Setup to WR or RD Falling Edge 
t, 
4 
ns min 
Address Hold after WR or RD Rising Edge 
t2 
0 
ns min 
Address Setup to CS Falling Edge 
t3 
9 
ns min 
WR or RD Rising Edge to CS Rising Edge 
t, 
0 
ns min 
WR or RD Pulse Width 
ts 
53 
ns min 
CS or RD Active to Valid Data3 
t6 
48 
ns max 
Timed from Whichever Occurs Last 
Bus Relinquish Time after RD' 
t7 
10 
ns min 


22 
ns max 
Data Valid to WR Rising Edge 
t. 
SS 
ns min 
Data Valid after WR Rising Edge 
~ 
10 
ns min 
Qelay Time Between Stack Reads 
tiS 
70 
ns min 
See Figure 12b 


RD 


ViR 


CLKIN 
cs 


vcc 


CTRL 


AD7773 
AGND 


TOP VIEW 
C'NT(+) 


(Not to Scale) 
C'NTH 


V'NH 
V'NH 


V'N (+) 
VIM (+) 


DB6 
VourB 


DB7 
REFOUT 


AGND 


VOUTA 


This information applies to a' product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


I 
AD7773/AD7775 
--------- 
INTERFACE TIMING CHARACTERISTICS-AD77751, 
2 


INTERFACE 
TIMING 
ALE Pulse Width 
tl 
WR or RD Rising Edge to ALE Rising Edge 
tz 


ALE Rising Edge to CS Falling Edge 
t3 


CS Falling Edge to RD Falling Edge 
t, 


CS Falling Edge to WR Falling Edge 
t, 


WR or RD Rising Edge to CS Rising Edge 
t,; 


WR or RD Pulse Width 
t7 


ALE Falling Edge to WR or RD Falling Edge 
t. 
Address Setup to ALE Falling Edge 
t" 


Address Hold after ALE Falling Edge 
tlO 


RD Active to Valid Data3 
tll 
Bus Relinquish Time after RD' 
tlZ 


Limit at 
TMIN to TMAx 


ns min 
ns min 
ns min 
ns min 
ns min 
ns min 
ns min 
ns min 
ns min 
ns min 


• 


Data Valid to WR Rising Edge 
Data Valid after WR Rising Edge 
Delay Time Between Stack Reads 


NOTES 
'See Figures 4 and 5. 
'Timing specifications in bold print are 100% production t 
with t,. = 1, = 5 ns (10% to 90% of 5 V) and timed fr 
• 


3Dam access time depends directly on t.•, the CS to";: 
the time required for an output to cross 0.8 V 
2 


4(12 is derived 
from the measured 
time 
t 
~ 
a 
utputs 
t 
trapolated back to remove the effects of 
ng ill" disc~~ 
of the device and, as such, is independent 
external 
Ij& 
. 


Specifications 
subject 
to change 
without 
notice. 


Figure 4. Read Cycle Timing for AD7775 
Figure 5. Write Cycle Timing for AD7775 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


AD7773/AD7775 


DEMODULATORTIMING CHARACTERISTICS' 


Limit at 
Parameter 
Label 
TMJN, TMAX 
Units 
Test Conditions/Comments 


RESET Rising Edge to CTRL 
Rising Edge2 
- 
100 
os min 
For AD7775 Only 


WR Rising Edge to CTRL 
Rising Edge2 
200 
os min 
Applies Only after a Write Instruction 
to the 


Control Register 
RESET 
Pulse Width2 
100 
os min 
For AD7775 Only 


SYNCHRONOUS 
DETECTOR 
MODE' 
CTRL 
High Time 
tel 
N + 3.5 teve 
os m.in 
Minimum 
N for Guaranteed 
Performance 
Is 4, 


Maximum N Is 15. Programmable 
via Locations 


CRO-CR3 of the Control Register 


CTRL 
Low Time2 
tez 
1.5 teve 
os min 
Input Signal Period 
teve 
200 
os min 
Fundamental 
Input Frequency 
Must Lie Between 
500 
os max 
2 MHz and 5 MHz 


GATED 
DETECTOR 
MODE' 
CTRL 
High Time 
tel 
800 
os min 


CTRL 
Low Time2 
tez 
600 + 0.375 tel 
os min 
Input Signal Frequency 
fIN 
5 
MHzmax 
Corresponds 
to 200 ns Minimum 
Input 
Signal 
Period 


CALIBRATION 
MODE 
sum1. Internal 
Calibration Voltage Has 
CTRL 
High Time 
tel 
800 
os min 


,1'" 
~ 


Settled; See Under Circuit Description 
for 


Calibration 
Mode 


CTRL 
Low Time2 
tez 
300 
nslnln 


o-j 
o-j 


S 
LUTE 
MAXIMUM 
RATINGS· 
Vcc 
to AGND 
or DGND 
-0.3 
V, 
+7 
V 


AGND 
to DGND 
-0.3 
V, Vcc 
+0.3 
V 


Digiti! 
Inputs 
to DGND 
...•.•..... 
-0.3 
V, Vcc 
+0.3 
V 


Digital 
Outputs 
to DGND 
- 
0.3 V, Vcc 
+ 0.3 V 


Analog 
Inputs 
to AGND 
-0.3 
V, Vcc 
+0.3 
V 


Analog 
Outputs 
to AGND 
-0.3 
V, Vcc 
+0.3 
V 


Operating 
Temperature 
Range 
Commercial 
(J Version) 
ooe to + 70°C 
Power 
Dissipation 
to +75°C 
500 mW 


Derates 
above 
75°C by 
6 mWre 


Storage 
Temperature 
Range 
-65°C 
to + 150°C 


Lead 
Temperature 
(Soldering 
10 secs) 
+ 300°C 


·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at anyone time. 


NOTES 
IAll inpul 
signals are specified 
with tr = If = 5 ns (10% to 90% of 5 V) and 


timed 
from a voltage level of 1.6 V. 
2Sample 
tested at +25°C to ensure 
compliance. 


Temperature 
Package 
Model 
Range 
Option· 


AD7773JR 
O°C to +70oe 
R-28 
AD7775JR 
O°C to +70°C 
R-28 


CAUTION 
_ 


ESD 
(electrostatic 
discharge) 
sensitive 
device. 
The 
digital 
control 
inputs 
are 
diode 
protected; 
however, 
permanent 
damage 
may 
occur 
on unconnected 
devices 
subject 
to high 
energy 
electro- 


static 
fields. 
Unused 
devices 
must 
be stored 
in conductive 
foam 
or shunts. 
The 
protective 
foam 


should 
be discharged 
to the destination 
socket 
before 
devices 
are inserted. 


This 
information 
applies 
to a product 
under 
development. 
Its characteristics 
and 
specifications 
are subject 
to change 
without 
notice. 


Analog 
Devices 
assumes 
no obligation 
regarding 
future 
manufacture 
unless 
otherwise 
agreed 
to in writing. 


Pin 


Power Supplies 


25 
9 
16 and 23 


Read Input (Active Low). When active it is used in conjunction with CS to read data over the 
Input/Output 
bus. See the truth tables for Microprocessor 
Interfacing. 
Write Input (Active Low). When active it is used in conjunction with CS to write data over the 
Input/Output 
bus. 


26 
CS 
Chip Select Input (Active Low). The device is selected when this input is low. 


Microprocessor 
Interface-AD7773 
Only 
4-8 and 
DBo-DB4 
Input/Output 
Data Bus. A 10-bit wide bidirectional data port over which data is transferred 
10-14 
DB5-DB9 
into or out of the AD7773. DBO is the Least Si 
. cant Bit. 


2 
AO 
Address Inputs AO and Al select one of four regi ,t 
. See Table I for details. 


1 
Al 


Vcc 
DGND 
AGND 


Microprocessor 
Interface 
28 
RD 


+5 V Power Supply. 
Digital Ground. 
Analog Ground. 


4-8 and 
10-14 
ADo-DB4 


DB5-DB9 


Demodulator 
Channel 
19 
VIN(+) 
20 
VIN(-) 
22 
CINT(+) 
21 
C1NT(-) 
24 
CTRL 
• 
Differential Inputs to the input amplifier. Analog input signals to these pins should be capac- 
itively coupled. 
The value of capacitor connected between these pins sets the integrator time constant. See 
under Design Information 
for choosing the C1NTcapacitor. 
Control Input. All signal capture operations are controlled by this input. The number of CTRL 
pulses applied to the device must equal the number of bursts to be captured. 
Clock input. A clock is required for the ADC. An external TTL-compatible 
clock must be applied 
to this input pin. See the TeLKIN specifications for CLKIN 
information. 


Each of the two DACs has the same output voltage range given by: 


VOUT 
= VB1AS:t 
VSWING = REFOUT:t 
VSWING 
With midcode in either DAC register the respective DAC output is equal to REFOUT. 


Analog Output Voltage from DAC A. 1 LSB = 2 VSWINd1024 = REFOUT/l024 
=2.1 mY. 


Analog Output Voltage from DAC B. 1 LSB = 2 VswINd256 
= REFOUT/256 
= 8.6 mY. 


Voltage Reference Output. 
Internally this is used as the reference for the ADC and as the bias level 
(VBIAS)for the two DACs. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


Individual bit functions are described below. Normally the de- 
modulator channel operates as a synchronous detector to capture 
complete cycles of a servo burst waveform. However, if CRO to 
CR3 are loaded with all Os, the demodulator 
channel performs as 
a simple gated detector stage, gated ON/OFF by the CTRL input. 
See under CIRCUIT 
DESCRIPTION 
-Gated 
Detector Mode. 


CRO to CR3 determine the number of complete cycles to be syn- 
chronously detected within a single burst: 


CR3 
CR2 
CRI 
CRO 
Cycles 
o 
0 
0 
0 
Gated Detector 
o 
0 
0 
1 
NA 
o 
0 
1 
0 
NA 
o 
0 
1 
1 
NA 
o 
1 
0 
0 
4 
o 
1 
0 
1 
5 
o 
1 
1 
0 
6 
o 
1 
1 
1 
7 
1 
0 
0 
0 
8 
1 
0 
0 
1 
9 
1 
0 
1 
0 
10 
1 
0 
1 
1 
11 
1 
1 
0 
0 
12 
1 
1 
0 
1 
13 
1 
1 
1 
0 
14 
1 
1 
1 
1 
IS 


CR4 and CR5 determine the number of b 
captured. 


CR5 
o 
o 
1 
1 


CR4 
o 
1 
o 
1 


Number 
of .Bursts 


1 
2 
3 
4 


CR6 determines whether DAC coding is offset binary or twos 
complement. 


CR6 
Coding 
o 
Offset Binary 
1 
Twos Complement 


CR7, CR8 and CR9 are decoded to provide a number of differ- 
ent functions. CR7 determines whether a signal will be acquired 
via the synchronous detector's differential inputs or direct from 
the C1NrC+) pin. CR7 is ANDed with the internally generated 
integrate signal INT to make or break the signal path from the 
rectifier output to the CINT(+) pin. With CR7 low the rectifier 
output drives the external integrating capacitor on the C1NTpins 
and all input signals are acquired through the VIN(+) and 
VIN(-) differential input pins. With CR7 high the synchronous 
detector stage is bypassed and all input signals are now acquired 
through the single-ended C1NrC+) pin. 


CR9 
CRS 
CR7 
Function 
o 
0 
X* 
Soft Reset 
o 
I 
X 
Power Down 
I 
0 
0 
Not Allowed 
I 
0 
I 
Calibration Mode 
1 
1 
0 
Normal Mode 
1 
1 
1 
Not Allowed 


- 
- 
. 
via software or hardware) the control register is loaded with 364 
(Hex) as shown below. 


CRO 
0 
CR1 
0 
CR2 
1 
CR3 
0 
CR4 
0 
CR5 
1 
CR6 
1 
CR7 
0 
CR8 
1 
CR9 
1 


Also on receipt of a reset command the status register is loaded 
with 3EO (Hex); i.e., locations SR(}..SR4 are loaded with all Os 
indicating four good burst captures and conversions complete. 


Power Down: In the powe 
down mode all linear circuitry is 
rurned off. Both DAC 
. tputs and the REFOUT 
output are 
pulled weakly (5 
) to 
GND. 


Calibratipn 
Mode: The 
urpose of this mode is to allow any 
chatUie miSmatch 
'hich may exist between the four internal 
tra~Qld 
pmpIifier 
to 
easily measured. 
See under CIR- 
Vf,f DESCRIPTIO 
- 
'bration Mode section. 


Norm 
Moll:"];' 
is 
e normal operating mode and allows 
pc~~ 
iflerenrial input signals to be acquired and converted. 


The 
0 tents of locations CRO-CR3 determine whether the de- 
mQd1i!ator clijmDel 
ill be in the synchronous detector mode or 
gated detector ~e. 


:A 
S>REGISTER 
DESCRIPTION 
~e 
status register (SR) is the bottom-most 
register of the 
5-deep register stack. It is 10 bits wide and can be written to or 
read from. Its function is to provide status information on de- 
vice operation. Location SRO acts as a BUSY signal for the de- 
modulator channel. SROis set high on the rising edge of the 
first CTRL pulse in a new burst capture sequence and remains 
high throughout 
the complete signal acquisition cycle and the 
subsequent conversion cycle. When the programmed 
number of 
conversions are complete, location SRO is set low. The number 
of conversions carried out equals the number of bursts captured. 
This number is programmable 
from I to 4 via locations CR4 
and CR5 of the control register. Up to four bursts can be cap- 
tured and each of these capture operations has an individual sta- 
tus flag, SR1-SR4, associated with it. A logic low or "good" flag 
in location SRI, for instance, indicates that burst #1 was cap- 
tured correctly. Alternatively, 
a logic high or "bad" flag in loca- 
tion SRI indicates that a problem occurred while capruring 
burst #1; i.e., for whatever reason, less than the programmed 
number of cycles in burst # 1 were captured. 
Locations 
SR5-SR9 of the status register are reserved and must always be 
read as logic highs for correct operation of the AD7773 and 
AD7775. 


Primarily intended as a read only location, the status register has 
very limited write functionality. 
A write to the status register 
automatically loads all Is into locations SRO-SR4 regardless of 
data present on the data bus. These flag settings represent four 
bad burst captures and conversions incomplete. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 


Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise 
agreed to in writing. 


As mentioned previously, locations SRS-SR9 are used for pro- 
duction test purposes and must be written high for correct oper- 
ation of the AD7773 and AD7775. All write instructions 
to the 
status register must load the word IIII1XXXXX2. 
Repeated 
write instructions 
to address 112 (AD7773) or OllX2 (AD7775) 
are all decoded to the status register. 


CIRCUIT 
DESCRIPTION 
The AD7773 and AD7775 are intended primarily for embedded 
servo head positioning applications in Winchester-type 
disk 
drives. The demodulator 
channel can capture high speed servo 
data from a variety of embedded servo patterns. 
Up to four se- 
quential input signals can be captured, converted to digital form 
and stored in the four data registers ADCREGI-ADCREG4. 
The IO-bit DAC output can be used to control the head position 
via a voice coil motor (VCM). The 8-bit DAC output can be 
used for spindle speed control, gain control, fIlter control etc. 
There are two major modes of operation of the demodulator 
channel-synchronous 
detector mode and gated detector mode. 
In the synchronous detector mode the differential input signals 
are applied in bursts to the differential inputs V1N( +) and 
VIN( -). 
A zero crossing detector (ZCD) is used to synchro- 
nously detect full cycles of the input signal within a giv 
which are then rectified and integrated. 
Both the 
cles within an individual burst and also the 


be captured are programmable. 
In the gated detector mode the 
synchronous detector is bypassed and the differential input sig- 
nals are simply rectified and integrated as long as CTRL re- 
mains high. Whether in the synchronous detector mode or in 
the gated detector mode, a third mode, a calibration or CAL 
mode, is possible where a reference voltage is connected to the 
CINT( +) pin to allow any mismatch which exists between the 
four track/hold (TIH) amplifiers to be easily measured. A sim- 
plified diagram of the demodulator 
channel is shown in Fig- 
ure 6. With CR7 a logic Low the normal mode is selected and 
SWI is closed when a valid integrate INT signal is provided by 
the demodulator 
control logic. Switches SWI and SW3 are func- 
tional only in the normal mode. In the calibrate mode CR7 is set 
to a logic high and SWI is open regardless of the INT signal. 
Switch SW2 is closed only in the calibrate mode. The sequence 
of events in each mode is explained in the following text. 


Synchronous 
D 
r Mode 
The differ 
circuitry is shown in Figure 7. The value . 


of the . 
to 
should be chosen so that the pole formed 
b 
I 
and the 2.5 kO equivalent input resistance is at 
rder of 
gnitude below the lowest input signal fre- 
e 
. Th 
p 
r 
.stors have a tolerance of ±40% with a 
ical 
ffident of - 300 ppmt'C. 
The differential 
d at approximately 
I V above AGND by means 


put impedance voltage source . 


• 
~::D~~~ 
fOK 


REFOUT/4 
+ 
1.2V. 
INTERNAL 


RESET 
VOLTAGE 


Vcc 


D1 
v •• (+) 
TO ZCDIRECnFIER 


(HIGH 
IMPEDANCE) 
D2 
5K 
5K 


AGND 


Vcc 
V 
5K 
5K 
D3 


V'H(-) 
TO ZCDlREcnFIER 
D4 
(HIGH 
IMPEDANCE) 


From the input pins the signal passes to both a zero crossing 
detector (ZCD) and a full wave rectifier. The output of the rec- 
tifier drives a transconductance 
amplifier to convert the rectified 
input voltage into an output current suitable for charging the 
external integrating capacitor C1NT• Except during actual ADC 
conversions the ZCD is always enabled and produces a continu- 
ous pulse stream output reflecting the differential input signal 
transitions through 0 V. In fact, the input signal change must 
exceed the ZCD's input hysteresis, VH' before its output 
changes. See Figure 20 in the DESIGN INFORMATION 
sec- 
tion. Since the ZCD output is usually completely asynchronous 
Figure 7. Simplified Input Circuitry of Demodulator Channel 
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with the timing of the CTRL input, the main task of the de- 
modulator control logic is to synchronize these two signals in 
order to integrate only full cycles of the input waveform. This is 
achieved by initializing the cycle counter logic on the first ZCD 
output falling edge recognized after CTRL goes high and releas- 
ing the counter on the following ZCD output falling edge. This 
produces the integrate (INT) signal to close switch SWI to start 
integrating. 
Full cycles of the input waveform can now be 
counted from falling edge to falling edge of the ZCD output. 
The asynchronous nature of the two signals results in a random 
lock-in time before the integrator starts, which can vary from 1 
cycle to 2 cycles of the input waveform. This is illustrated in 
Figures 8a and 8b. CTRL must be high for a minimum time of 
(N + 3.5) teve; 
Le., 7.5 cycles of the maximum burst fre- 
quency of 5 MHz when N = 4. 


First F.lllng 
Edge Recognlad 
by D.mocfullilor Control Logic 


Second 
F.lllng 
Edge Re •••••• 
Counter. Ck)••• 
SW1 
CycleCountEx~ 


Preprogr.mmed 
Number, 
SW10pened 


Figure 8a. Synchronous Detector Timing Waveforms with 
Lock-In Time of 2 Cycles & N = 4. 


First F.lllng 
Edge Recognized 
by Demodul.tor 
Control logic 


8econd F.lllng 
Edge All •••••• 
Counter' 
eta••• 
8W1 
Cycle Count Exceeds 
Preprogrllmmed 
Number, 
SW1 Opened 


____ 
rL 


Figure 8b. Synchronous Detector Timing Waveforms with 
Lock-In Time of 1 Cycle & N = 4. 


After the counter is released, the number of subsequent 
falling 
edges is counted and is compared with the number previously 
loaded into locations CRO-CR3 of the control register. When 
this count exceeds the preprogrammed 
number, the demodulator 
control logic brings INT Low, opening switch SWI to halt the 
integrator. To ensure that the selected track/hold amplifier 
correctly acquires the integrated voltage on CINT, a further one 
full cycle of the ZCD output (i.e., one full cycle of the input 
waveform) is counted before a hold signal, HOLDI-HOLD4, 
is 
generated. 


When CTRL returns low, switch SW3 is closed to reset the 
voltage across the integrating capacitor to 0 V. The waveforms 
in Figure 8 are drawn for a correct burst capture and the status 
flag associated with this burst, SRl-SR4, 
is set "good" -a 
logic 
low-in 
the status register. However, there may be occasions 
when, for whatever reason, less than the programmed 
number 
of cycles occur in a burst, and in these circumstances the trail- 
ing edge of CTRL acts as a fail-safe hold signal for the TIH am- 
plifler. For instance if, while capturing a burst, the signal 
amplitude drops below 
e minimum ZCD comparator thresh- 
old, then the ZCI) will oli'(iously cease providing zero-crossing 
pulses and inv 
. at!;the cycle counting logic. In situations like 
this, the 
ailliig edge of CTRL terminates the integrator di- 
rectly. If any 'indi'tidual. burst capture is terminated 
by the fall- 
~ 
edge of CTRL, tlj.en its lIssociated status flag in the status 
register is- set high indicating a "bad" capture. In the situation 
wh re an ex 
ted burst is so low in amplitude as not even to 
trigger the ZCD, switch SWI remains open and no signal is in- 
tegra ed. Again, this is flagged as incorrect operation and its 
associated status flag is set high or "bad" on the falling edge of 
CTRL. In 
ither of these cases operation of the channel pro- 
~ 
rmally with an ND conversion being carried out on the 
in~orrectly captured burst and the result stored in its respective 
ata register. 


As each differential input signal burst is captured, one of the 
four internal TIH amplifiers tracks the integrated signal on the 
C1NT pin. When a burst capture is complete, the tracking TIH 
amplifier is placed in the hold mode and the voltage on its hold 
capacitor remains held for subsequent NO conversion. The se- 
lection of which TIH amplifier tracks the integrator output is 
determined 
by the contents of a write pointer. The write pointer 
logic ensures that the integrator output corresponding 
to the 
first burst captured is placed on CHI' the integrator output cor- 
responding to the second burst captured is placed on CH2 and so 
on. The write pointer is incremented 
after each CTRL pulse. 


Each individual burst capture operation requires its own sepa- 
rate CTRL; pulse, i.e., if there are four bursts to be captured, 
four CTRL pulses are required. 
The number of bursts captured 
is compared with the number (1, 2, 3 or 4) previously loaded 
into locations CR4 and CR5 of the control register. When the 
number of bursts captured equals the preprogrammed 
number 
of bursts expected, the rectifier/integrator 
section is turned off, 


the ZCD is disabled and the voltages held on the internal hold 
capacitors CH1-CH4 are sequentially applied to the ADC and are 
converted. As the ADC converts the held voltages, the results 
are loaded, again sequentially, into the data registers under the 
control of the write pointer. ADCREG 1 is filled first, followed 
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by ADCREG2, etc. When all held voltages have been converted, 
the TIH amplifiers are released back into their track mode and 
the write pointer is left pointing at TIH amplifier # 1. At this 
time also, the ZCD is again enabled. Note, however, that the 
4-channel TIH multiplexer is enabled on the rising edge of the 
first CTRL pulse in a new burst capture sequence and remains 
enabled only for the duration of the capture sequence. 


Gated Detector 
Mode 
In this mode the synchronous detector is bypassed and the de- 
modulator channel behaves as a simple gated detector. To select 
the gated detector mode, locations CRO-CR3 of the control reg- 
ister are loaded with all Os, location CR7 is loaded with a logic 
low and locations CR8 and CR9 are loaded with logic highs. A 
simplified timing diagram of the channel operating as a gated 
detector is shown in Figure 9. When CTRL goes high at the 


t2 


CTRL --.J"".•I-----,Ie'---..., 
••W- 


I 


Figure 9. Channel Timing Waveforms for Gated Detector 
Mode 


start of a signal capture operation, switch SWI is closed and the 
integrator starts integrating the rectifier's output. It will con- 
tinue to do so as long as CTRL remains high, eventually satu- 
rating if CTRL is held high for too long. A minimum CTRL 
high pulse width of 800 ns is required in this mode. When 
CTRL returns low, switch SWI is opened and the integrator is 
halted. As the rectifier's output is being integrated across C1NT> 
it is also being tracked by one of the four TIH amplifiers. To 
provide additional time for this TIH amplifier to completely ac- 
quire the integrated voltage, the falling edge of CTRL triggers a 
one-shot which delays the hold signal, HOLDl-HOLD4, 
until 
it times out. This delay, te3, has a maximum time of 600 ns. 
When the hold signal is generated the tracking TIH amplifier is 
put in the hold mode and the voltage on its hold capacitor re- 
mains held for subsequent 
AID conversion. The hold signal, in 
turn, triggers the C1NTreset signal, closing SW3 and resetting 
the voltage across CINT to 0 V. Note that both plates of the 
CINT capacitor are at the internal reset voltage level of 1.2 V, 
available on CIN.-(-), 
in readiness for the next signal capture 
operation. The minimum CTRL low time, te2, depends on the 
duration of the preceding CTRL high time. The longer the inte- 
gration time, the longer must be the reset time, since the reset 
current is fixed. The minimum CTRL low time can be deter- 
mined from the expression: 


te2 = 0.6 IJ.S + 0.375 tel 


When the number of gated signals captured equals the pre- 
programmed 
number expected, the rectifier/integrator 
section is 
disabled and the held voltages are sequentially applied to the 
ADC and are converted. 
From here on, channel operation is 
identical to the synchronous detector mode as previously de- 
scribed. Note that locations SRl-SR4 
of the status register now 
convey no meaningful information and should be ignored for 
gated detector operation. 


Calibration 
Mode 
The purpose of this mode is to allow any channel mismatch 
existing between the internal TIH amplifiers to be easily mea- 
sured. The number of TIH amplifiers tested will equal the num- 
ber stored in locations CR4 and CR5 of the control register. 
Additionally the number of CTRL pulses applied must also 
equal this number. The calibration (CAL) mode is selected by 
loading locations CR9 and CR8 of the control register with a 
logic high and a logic low, respectively. This condition is de- 
coded to close-switeJi SW2 and connect an internal dc reference, 
no~ 
REFOUT/4 
above the C1NT(-) pin, to the C1N.-(+) 


pin. Additionally, 
to avoid shorting the integrator output, 
switch 
SWl must 
opened by loading a logic high into location CR7. 


llrilike either the synchronous or gated detector modes, the volt- 
age on CU~Tis I10t discharged between successive CTRL pulses. 
In W 
mode Jhe CTRL pulses simply generate the hold signals 
f¥ the TIH amplifiers. The falling edge of the first CTRL pulse 
gen rates a hold signal, HOLDl, 
for TIH amplifier #1, the fail- 
ing edgj: of'th 
second CTRL pulse generates HOLD2 
for TIH 
amplifier #2, and so on. A timing diagram of the channel in the 
CAL mod 
IS shown in Figure 10. 
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Figure 10. Channel Timing Waveforms for Calibration 
Mode 


A minimum CTRL pulse width of 800 ns is required to allow 
sufficient acquisition time for the relevant TIH amplifier. Note 
that this pulse width assumes that the voltage on the CINT(+) 
pin has setded to the nominal REFO UT /2 level before the first 
CTRL pulse is applied. In order to use the minimum CTRL 
pulse widths the demodulator 
channel must be placed in the 
calibration mode some time prior to applying the first CTRL 
pulse. With CINT = 180 pF, this setup time is no longer than 
20 floS. Alternatively, 
this setup time can be avoided by making 
the first CTRL pulse sufficiently wide to ensure that the calibra- 
tion voltage on the C1NT(+) pin has setded. Subsequent CTRL 
pulses can obviously have minimum pulse widths. 
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The AD7773 and AD7775 contain two independent 
voltage- 
output DACs: DAC A with lO-bit resolution and DAC B with 
8-bit resolution. The two DACs produce output voltages of the 
form VBIAS:!: VSWING'Both VBIASand VSWINGreference 
levels are generated internally with VBIASbeing available 
externally on the REFOUT 
pin. VSWlNGis nominally equal to 
REFOUT/2. With half-scale code in a DAC register, the DAC 
output voltage is equal to VBIAS;With a positive full-scale code 
the DAC output is VBIAS+ VSWING-I LSB; with a negative 
full-scale code the DAC output is VBIAS- VSWING'Dependent 
upon the logic level stored in location CR6 of the control regis- 
ter, the DAC coding (for both DACs) will be either twos com- 
plement coding (CR6 = I) or offset binary coding (CR6 = 0). 
Note that on receipt of a reset command (either via software or 
hardware), location CR6 is loaded with a logic high and the ana- 
log outputs of both DACs go to VBIAS'Figures lIa and lib 
show the DAC transfer functions for twos complement and off- 
set binary coding, respectively. 


ll1-BITDACA 
200 201 ({ 
8-BITDACB 
80 
81 » 
3FF 000 001 
FF 00 01 


DIGITAL 
INPUT 


{{~ 
»..2LiCl 


Figure 11a. DAC Output Voltages vs. DAC Input Codes in 
Hex- Two's Complement Coding 


expressed as: 


VouTAIB 
= VS/AS + VSW/NG (2 DAIS) 


where subscripts A and B refer to DACs A and B. 


For DAC A, DA = NA/I024 


where NA is the decimal equivalent of the twos complement in- 
put code; i.e., 


-512 
S NA S + 511 


For DAC B, DB = NB/256 


where NB is the decimal equivalent of the twos complement in- 
put code; i.e., 


-128sNss 
+ 127 


With offset binary coding selected via location CR6 of the con- 
trol register, the DAC output voltage can be expressed as: 


Vou"AIB 
= VS/AS + VSWING (2DAIs -1) 


where subscripts A an 
B 
gain refer to DACs A and B. 


II 


Figure 11b. DAC Output Voltages vs. DAC Input Codes in 
Hex-Offset 
Binary Coding 
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MICROPROCESSOR INTERFACING 
Tables I and IIshow the truth tables for AD7773 and AD7775 
microprocessor interfacing, respectively. The multiplexed ad- 
dress/data bus used by the AD7775 is demultiplexed 
internally 
by means of the ALE signal. On the falling edge of ALE ad- 
dress inputs AD1, AD2 and AD3 are latched and remain 
latched until ALE returns high again. Note that address input 
ADO is a "don't care" input. This decoding scheme allows 
2-byte word operations to even addresses only and simplifies the 


interface to the 8OC196, for instance, where word operations to 
odd addresses are not guaranteed to operate in a consistent man- 
ner. DAC data is always transferred 
as right-justified 
data, i.e., 
the LSB should always appear on ADO whether loading the 10- 
bit DAC A or 8-bit DAC B. Similarly for the AD7773, which 
has a dedicated lO-bit-wide data bus, DAC data is always trans- 
ferred as right-justified 
data, i.e., the LSB should always appear 
on DBO whether loading DAC A or DAC B. 


CS 
RD 
WR 
Al 
AO 
DBO-DB9 
Functions/Comments 


1 
X* 
X 
X 
X 
HighZ 
0 
1 
0 
0 
0 
DAC Data 
0 
0 
1 
0 
0 
LowZ 
0 
1 
0 
0 
1 
DAC Data 
0 
0 
1 
0 
1 
LowZ 
0 
1 
0 
1 
0 
CR Data 
0 
0 
1 
1 
0 
LowZ 
0 
1 
0 
1 
1 
SR Data 
0 
0 
1 
1 
1 
Stack Data 


*x = don't 
care. 


CS RD 
WR AD3* 
AD2* 


1 
X** X 
X 
X 
0 
1 
0 
X 
0 
0 
0 
1 
0 
0 
0 
1 
0 
X 
0 
0 
0 
1 
0 
0 
0 
1 
0 
X 
1 
0 
0 
1 
0 
1 
0 
1 
0 
X 
1 
0 
0 
1 
0 
1 
0 
0 
1 
1 
0 
0 
0 
1 
1 
0 
0 
0 
1 
1 
1 
0 
0 
1 
1 
1 


*Latched internally on the falling edge of ALE. 
**X = don't 
care. 
• 
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Stack Reading 
The register stack consists of a total of five registers: the status 
register and the four ADC data registers, ADCREG l-ADCREG4. 
The status register is the bottom-most 
register of the 5-deep reg- 
ister stack. Dependent 
upon the system architecture, 
the stack 
can be read in one of two ways. If the AD7773 and AD7775 are 
interfaced directly to a microprocessor bus then repeated read 
instructions 
to the stack address rotate the active stack locations 
through the data bus. One stack location is transferred per read 
instruction. 
This method of stack reading is shown in Figure 
12a for the AD7773 (stack address = 112) 
and in Figure 13a for 
the AD7775 (stack address = 011X2). However, if the AD7773 
or AD7775 is not directly interfaced to the microprocessor bus 
but comes through some peripheral controller (e.g., a propri- 
etary gate array), then the stack can be rotated by keeping the 
CS input low and repeatedly pulsing the RD input. This 
method of stack reading is shown in Figures 12b and 13b for 
the AD7773 and AD7775, respectively. 


For the AD7773, stack rotation is the only way in which data in 
the upper registers can be accessed. For the AD7775, however, 
the stack registers are individually addressable and the user can 
choose to access the data by rotating the stack, or by individu- 
ally addressing the registers in any order preferred. 


A read pointer ensures correct operation of the stack by setting 
equal the number of data registers which can be rotated and 
e 
number of bursts to be captured. The first read instrucuon 
to 
the register stack returns the contents of the status register. The 
read pointer is then incremented 
so that tlJe.-next read operation 
from the stack - using the same address - returns the conversJOo 
data from ADCREG 1 and so on. If n is the number ~ bursts to 
be captured (n = 1, 2, 3 or 4), then n + 1 read instructions 
are 
required to rotate the stack through all active stack registers. 
The stack is rotated only once with all additional read instruc- 
tions repeatedly placing the contents of the status register on 
the data bus. Note that the stack will rotate only when the pro- 
grammed number of conversions are complete; i.e., only when 
status register flag SRO has returned low. When new data is 
loaded to the stack, for example, when a new burst sequence is 
captured, the read pointer is again enabled to rotate the stack 
registers through the data bus. Operation of the stack is summa- 
rized in Table III where all the read instructions are from stack 
addresses; 112 for the AD7773 and 011X2 for the AD7775. 


Read Instruction 
Sequence 


1st Read 
2nd Read 
3rd Read 


Data Bus 


Status Register 
ADCREGI 
Status Register if CR (5, 4) = (0, 0); 
ADCREG2 otherwise 
Status Register if CR (5, 4) = (0, 0) or 
(0, 1); ADCREG3 otherwise 
Status Register if CR (5, 4) = (0, 0), (0, 1) 
or (1, 0); ADCREG4 otherwise 
Status Register. Succeeding Read 
instructions always call the Status Register 


'1 Reid Cycle 


AD-A'V~ 
A_O_=_' 
_ 
---.A... 
A' = , 


t2 Reod 
cle 


AO=' 
A' =, 


AD-A' V 
A_O_=_, 
_ 
--l\ 
A'=' 


_______Ft,,=-4 t2 Reed Cycle 
),..------E 


ALEf\" 
Reed Cycle 
t\ t2ReedCycle 


ALEf\ 
_ 
Cs\~ 
_ 


AD \~_._'_R_e_od_Cy_C_le_~~--t2-Re-od-Cy-CIe-- 


X~_R_i_~_~~_TE_S_R 
__ H 
A_OC_R_EG_' 
_ 
Aoo-DB9 
--{ 
AD' =0 
AD2=1 
AD3=' 
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Microprocessor/Microcomputer 
Interfacing 
Circuits 
With its separate data and address bus architecture 
the AD7773 
is intended to interface to DSP machines such as the ADSP- 
2101, ADSP-2105 and the TMS320 family. The AD7775, with 
its multiplexed address/data bus, is suitable for microcontrollers 
such as the 8OC196 family. 


Figure 14 shows the AD7773 interfaced to the TMS320CI0 
@ 


20.5 MHz and the TMS32OC14 @ 25 MHz. Figure 15 shows 
the interface with the TMS32OC25 @ 40 MHz. Note that one 
wait state is required with this interface. The ADSP-2101-50 
and the ADSP-2105-4O interface is shown in Figure 16. One 
wait state is required with either of these machines. 


Figure 17 shows the AD7775 interface to the 8OCl%KB 
@ 12 MHz and the 8OCl%KC 
@ 16 MHz. One wait state is 
required with the 16 MHz machine. The 8OCl% is configured 
to operate with a 16-bit multiplexed address/data bus. 


WE 


(Cl0)DEN 
(C14)REN 
• 


IS 


READY 


MSC 
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DEMODULATOR 
CHANNEL 
Relative Accuracy 
The relative accuracy specification is similar to a least squares 
specification for a standard ADC. For the demodulator 
channel, 
however, the least squares line is fitted not berween the voltage 
levels corresponding 
to the traditional first and last code transi- 
tions, but berween voltage levels corresponding 
to designated 
code transitions on either side of the midscale code. This 
scheme allows a tighter specification for signals around the half- 
scale point and a more relaxed specification for signals closer to 
zero-scale and full-scale. The AD7773/AD7775 specify linearity 
over the 1/4 FS to 3/4 FS signal range with a related linearity 
specification from 1/8 FS to 7/8 FS. For either range the input 
signal levels that correspond to the designated code transitions 
are found by applying a sequence of 5 MHz sinusoidal bursts to 
the demodulator 
channel and digitizing the signals. The ampli- 
tude of the bursts are slowly varied until the ADC output flick- 
ers around the nominated code transition. 
The burst amplitude 
which causes the transition is now designated as one endpoint 
for the linearity specification. The other endpoint (for the same 
range) is found by similar methods. The 1/4 FS to 3/4 FS rela- 
tive accuracy specification of the demodulator 
channel is the 
maximum deviation, in LSBs, of the ADC's actual code transi- 
tion points from a least squares line fitted berween the measur 
endpoint voltages Vm256 and Vm768. Note that this least 
squares line may not exactly coincide with a straigh 
dra 
berween the rwo measured endpoint voltages. 
FS relative accuracy specification is refe 
line already fitted berween 1/4 FS and 
guilrant 
extended to range from Vml28 to Vm8 
A grap 
n 
nal 
tation of the rwo linearity ranges are shown in Ri 
e 
w 
ADC code transitions (in decimal only) are plotted 
rs 
their n 


corresponding 
input voltage levels; i.e., Vml28 represents the V 


input voltage at which code transition 
127/128 (decimal) occurs. 
Corresponding 
code transitions in Hex are as follows: 


The full-scale (FS) input voltage is computed from measured 
voltages Vml28 and Vm896, corresponding 
to 1/8 FS and 7/8 
FS, respectively, as follows: 


Vm896 - Vm128 = 7/8FS - 
1/8 FS 


FS = 8/6 (Vm896 - Vm128) 


Using this value of FS, I LSB = FS/I024. Note that due to 
both the zero-erossing detector threshold and the rectifier 
threshold, the least squares line shown in Figure 18 will not 
pass through the origin. This means that the differential input 
voltages shown in Figure 18 are not referenced to the origin; 
i.e., the code transition 
127/128 does not necessarily occur 1/8 
FS above VIN = 0 V. 


Differential 
Input Resistance 
This is the dc input resistance measured berween VIN(+) and 
VIN(-)· 


Common-Mode 
Inp,*R 
This is the dc . 
t 
SI 
differential' 
ut 


Vm128: 
Vm256: 
Vm768: 
Vm896: 


07F/ 080 (Hex) 
OFF/IOO (Hex) 
2FF/300 (Hex) 
37F/380 (Hex) 


ADC 
OUTPUT 


CODE 


Vm128 
Vm256 
Vm168 
Ym896 
='18 FS 
=./4 FS 
=314FS 
=7/8 FS 


DIFFERENTlAL 
INPUT 
VOLTAGE, 
V IN 


Figure 18. Guaranteed Linearity Ranges for the 
Demodulator Channel 


Figure 19. Demodulator Response for Low Level Input 
Signals 


Frequency 
Response 
to Pulse Harmonics 
This specification tests for gain peaking in the channel fre- 
quency response. Relative measurements, 
taken at three har- 
monically related frequencies, are compared and must be within 
specification. To maintain a constant integral at each frequency, 
the number of cycles are correspondingly 
increased as the signal 


period is decreased. 


-Set up 5 MHz burst. at 0.7 V p-p and digitiu. 
CRO-CR3 oct 
for 4 cycles. Determine average ADC code, call it Code 1. 
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Terminology -AD7773/AD7775 


-Set up 10 MHz bursts at 0.7 V p-p and digitize. CRO-CR3 set 
for S cycles. Determine average ADC code, call it Code 2. 


-Set up 15 MHz bursts at 0.7 V p-p and digitize. CRO-CR3 set 
for 12 cycles. Determine average ADC code, call it Code 3. 


-COmpare (Code I-Code 
2) and (Code I-Code 
3) to the limits 
specified. 


Due to the demodulation 
technique used in the AD7773 and 
AD7775, the frequency spectrum of the input signal can have an 
impact on the demodulator 
channel performance. 
To meet the 
specifications the following limits are placed on the harmonic 
content of the input signal (quoted in dB relative to a funda- 
mental at 5 MHz and 1.25 V p-p): 


2nd Harmonic: 
3rd Harmonic: 
4th Harmonic: 
5th Harmonic: 
Higher Harmonics: 


-50 dB 
-12 dB 
-50 dB 
-24 dB 
-40 dB total 


Common-Mode 
Rejection 
Ratio 
Common-mode rejection ratio (CMRR) is a measure of the 
change in digital output code when both inputs are changed by 
equal amounts. Repeated bursts of half-scale amplitud 
differ- 
ential 1.25 V p-p at 5 MHz, are applied to the demodulato 
channel and digitized. These bursts sit on a C?,mmon-mode 
signal of 500 mV p-p magnitude and varying in frt:Quency from 
60 Hz to 30 kHz. The standard deviation of 'the resultant 
distribution 
of ADC codes is check 
to be less t\Wt 3. 
LSBs, 


a result which includes the channel noise level. When 
orrected 
for the channel noise level by rms subtraction, 
.g., {( .1)' - 


(1.S)'}ll2, the standard deviation is found to be less than 2.5 
LSBs, which is equivalent to a CMRR of 46 dB. This specifica- 
tion holds over the allowable V= 
range of 4.75 V to 5.25 V. 


Power Supply Rejection 
Ratio 
For the demodulator 
channel, power supply rejection ratio 


(PSRR) is a measure of the change in digital output code due to 
a change in the power supply voltage. Repeated bursts of half- 
scale amplitude, 
differential 
1.25 V p-p at 5 MHz, are applied 
to the input and digitized. An ac signal, 200 mV p-p amplitude 
and varying in frequency from 60 Hz to 30 kHz, is summed 
with the +5 V power supply V=. 
The standard deviation of the 
resultant distribution 
of ADC codes is checked to be less than 4 
LSBs, a result which includes the channel noise level. When 
corrected for the channel noise level by rms subtraction, 
e.g., 
{(4)' - (1.S)2}112,the standard deviation is found to be less than 
3.6 LSBs, which is equivalent to a PSRR of 43 dB. This specifi- 
cation holds over the allowable V= 
range of 4.75 V to 5.25 V. 


Channel Noise Level 
Channel noise level is a measure of the intrinsic noise level of 
the modulator channel in the absence of common-mode 
signals 
and power supply interference. 
Repeated bursts of half-scale 
amplitude, 
differential 
1.25 V p-p at 5 MHz, are applied to the 
input and digitized. The standard deviation of the resultant dis- 
tribution of ADC codes is checked to be less than I.S LSBs. 
This is equivalent to a channel noise level of 49 dB. Note that 
the duration of the burst capture sequence must be less than or 
equal to 1 ms. 


Composite 
Noise Rejection 
Intended as an overall channel performance 
indicator, the com- 
posite noise rejection figure is an rms summation of the PSRR, 
CMRR, the channel noise level as defined above plus an INL 
error of 1.15 LSBs, representing 
the standard deviation, under 


identical test conditions, of the ADC codes from device to de- 
vice. It is referenced to half-scale. 


Channel Mismatch 
Channel mismatch is a measure of the differences which may 
exist between the four internal tracklhold (TIH) amplifiers. To 
measure mismatch the AD7773/AD7775 
must be put in the 
calibration (CAL) mode by loading control register locations 
CR9 and CRS with a logic high and a logic low, respectively. 
Additionally, CR7 must be loaded with a logic high. These 
conditions disconnect the output of the integrator from the inte- 
grating capacitor C1!'/ITand connect an internal de reference 
(Nominally REFOUT/4 above the voltage on the CIN-rC-) 
pin) 


to the CIN 
pin. The remainder of the demodulator 
channel 
o~ratp~o~, 
under the control of the CTRL input, the 
fOI11\1YlL~plifiers 
are connected in turn to track-and-hold 
~ 
reference voltage. Subsequently the held voltages are con- 
ened. Check the ADC output code for each channel to ensure 
results JU'ewithin 5-LSBs of each other. See under CIRCUIT 
DESC 
WON 
for Calibration Mode section. 


talk Between Bursts 
Between successive bursts the integrating capacitor CINT is dis- 
ch 
ed to 0 
,.This occurs during time te2 of Figures Sa, Sb 
and 9. 
ote that both plates of the C1NTcapacitor are at the 
intqnal 
reset voltage level of 1.2 V, available on CIN-rC-). 
Any 
residual signal voltage on this capacitor will be added to the in- 
tegrated signal of the succeeding burst causing an apparent in- 
crease in the amplitude of that burst. The crosstalk specification 
defmes by how much the amplitude of a burst is influenced by a 
preceding burst. By this defmition the first burst suffers no 
crosstalk, the second burst suffers from the first burst, etc. To 
measure crosstalk a special burst sequence is applied to the de- 
modulator input which keeps the amplitude of the burst under 
test constant at half-scale (differential 
1.25 V p-p at 5 MHz) and 
alternates the amplitude of the preceding burst between 0 V and 
full scale. The average error due to crosstalk should be less than 
1 LSB. Only two successive bursts are exercised in anyone 
sequence. 


ADC Conversion 
Time 
Each conversion takes 14 CLKIN 
cycles. However, due to the 
asynchronous relationship between CLKIN 
and the burst detec- 
tor operation, it is possible to get a delay of up to 2.5 CLKIN 
cycles before the first conversion actually starts. This means that 
the first conversion may not be fmished for up to 14 + 2.5 
CLKIN 
cycles after the fmal burst has been detected. 
Subse- 
quent conversions will always take 14 CLKIN 
cycles. 


• 
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ANALOG 
OUTPUTS 
Relative Accuracy 
For the DACs, relative accuracy or end-point nonlinearity is a 
measure of the maximum deviation, in LSBs, from a straight 
line passing through the endpoints of the DAC transfer func- 
tion. A graphical representation 
of the transfer curves for both 
twos complement and offset binary coding are shown in Figures 
lIa and lib, 
respectively. 


Differential 
Nonlinearity 
Differential nonlinearity is the difference between the measured 
change and the ideal I LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± I LSB maximum 
ensures monotonicity. 


Bias Offset Error 
If the DACs are ideal, the output voltage of any DAC with mid- 
scale code loaded will be equal to VBIAS(i.e., REFOUT). 
The 
DAC bias offset error is the difference between the actual out- 
put voltage and VBIAS'expressed in LSBs. 


Plus and Minus Full-Scale 
Error 
The DACs in the AD7773/AD7775 can be considered to provide 
bipolar output voltage ranges which are referred to VBIASin- 
stead of AGND. Plus full-scale error for any DAC is the differ- 
ence, expressed in LSBs, between the actual output voltage with 
plus full-scale code loaded into the DAC register and the ideal 
output voltage (VBIAS+ VSWING- 
I LSB). Minus full-scale 
error is similarly defined but the DACs are now loaded 
th 
their minus full-scale codes and the ideal output voltage is now 
VBIAS- VSWING'Note that plus and minus 
e errors for 
the DAC outputs are referenced to REFOUT/2.ana 
are mea- 
sured after the bias offset errors have been;adjusted 
OU!. 


Digital-to-Analog 
Glitch Impulse 
Digital-to-analog glitch impulse is the impulse injected into the 
analog output when the digital inputs change state with the 
DAC selected. It is normally specified as the area of the glitch 
in nV sees and is measured when the digital input code is 
changed by I LSB at the major carry transition. 
Regardless of 
whether offset binary or 2s complement coding is used, the ma- 
jor carry transition occurs at the analog output voltage change of 
VBIASto VBIAS- 
I LSB or vice versa. 


Digital Feedthrough 
Digital feedthrough 
is also a measure of the impulse injected 
into the analog output from the digital inputs but is measured 
when the DAC is not selected. It is essentially feedthrough 
across the die and package. It is important 
in the AD7773/ 
AD7775 since it is a measure of the glitch impulse transferred 
to 
the analog output when data is transferred over the data bus 
(either in or out). It is specified in nV sees and is measured with 
a full-scale code change on the data bus, from aliOs to all Is and 
vice versa. 


Power Supply Rejection 
Ratio 
For the analog outputs, power supply rejection ratio (PSRR) 
is a measure of the change in the analog output of either DAC 
due to a change in the power supply voltage Vcc. For the test 
both DACs are loaded with their half-scale codes and an ac sig- 
nal of 200 mV p-p amplitude and varying in frequency from 
60 Hz to 30 kHz is summed with the +5 V power supply. The 
maximum output signal level on either DAC will be 22 mY. 


Thus, the response will be at least 20 dB below the excitation 
level. This specification holds over the allowable Vcc range of 
4.75 V to 5.25 V. 


DESIGN 
INFORMATION 
Choosing the CINT Capacitor 
In both the synchronous detector and gated detector modes the 
differential input signal is rectified and integrated across the in- 
tegrating capacitor CINT. The correct value of integrating capac- 
itor must be used in order to optimize the channel performance 
for any particular integration period. If too high a value is cho- 
sen then the integrated signa] voltage developed across CINT will 
be lower than optimum, 
and hence, ADC resolution will be lost 
due to this effective compression of the signa]. Similarly too low 
a value for CINT can lead to signal voltages being developed 
across CINT which are beyond the dynamic range of the ADC. 
This effective signal expansion results in loss of ADC resolution 
for full-scale input signals. The ideal value of CINT is found 
from the expression: 


GlNT = I. TN c/ 
.........•.•.......... 
(I) 


where I is th 
av 
rect Ier output current, 
T is the integrate 
time an,\:V 
NT. is \the mtegrated voltage across CINT. The aver- 
a e 
G' 
r 
utput cu rent can be expressed as: 


st signals the crest factor is equal to 2hr. 


In the sync 
on 
s detector mode the integrate time can be 
expressed as 


INTEGRATE 
= N.tcyc 


= N/flN 


where N is the number programmed 
into locations CRQ-CR3 of 
the control register. N can range from 4 to IS. Frequency 
fIN is 
the frequency of the input signal. The AD7773 and AD7775 are 
guaranteed to operate with N = 4 and fIN = 5 MHz maximum. 
In the gated detector mode the integrate time is simply the pe- 
riod of CTRL high or tel in Figure 9. 


VCINTis the voltage change across CINT which results in a full- 
scale change in the ADC output. VCINTis typically equal to 
REFOUT/2 
or 1.07 V. 


As an example of calculating a value for CINT consider the case 
of synchronous detector operation with N = 4, fIN = sinusoidal 
5 MHz and VIN p-p = 2.3 V maximum. To ensure that no 
ADC resolution is lost for peak input signals, Equation 
I is 
solved using the maximum value of transconductance, 
Gm = 
0.302 ms and the minimum value of VCINTwhich is equal to 
REFOUT(min)/2 
or 1.05 V. When these values are used in 
Equation 
I a value for CINT equal to 170.7 pF is computed. 
This computed value of capacitor must include the tolerance, A, 
on the fmal capacitor chosen plus any stray capacitance on the 
CINT(+ ) pin to ground and CINTC-). 
That is, 


170.7 pF = GlNT (l - 
A%/IOO) + GSTRAY 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


If 5% tolerance capacitors are used and CSTRAY= 10 pF then 
CINT = 169 pF ±5%. This is the optimum value of capacitor to 
use. However, if preferred values of capacitors are required, 
the 
next highest preferred value is 180 pF. This value of capacitor 
will result in a slight compression of the signal range. That is, a 
full-scale input signal, VIN P-P = 2.3 V, will result in an ADC 
code which is less than all Is. Exactly how much compression is 
caused by using a nonideal value of C'NT is indicated by the 
ratio of computed C'NT value to worst case CINT value. Assum- 
ing CINT = 180 pF ±5% and stray capacitance totalling 10 pF, 
the worst case CINT capacitance can be found by solving 


GlNT = 180(l + 5/100)pF + 10pF 
= 199 pF 


The ratio of 170.7 pF, the computed value for C,NT' to 199 pF 
gives the amount of compression, 
170.7/190 = 0.85. This means 
that for a full-scale input signal the ADC code will never exceed 
85% of its possible code range; therefore, approxinIately the top 
150 codes will never be used. 


Zero Crossing Detector 
The zero crossing detector (ZCD) has a certain amount of hys- 
teresis to prevent noise from getting through the input stage. 
The ZCD differential hysteresis, VH, is typically 55 mVp-p 
and is specified to lie between 40 and 70 mV p-p. Only signals 
which exceed this level can change the ZCD's outpUt. A 55 mV 
hysteresis represents approximately 
5% of a typical IXV differ- 
ential input signal level to the demodulator 
channel. Figure 20 
gives a graphical representation 
of the ZCD sensitivi~y and 
hysteresis. 


Synchronous 
Detector 
Timing Relationships 
The relative timing between an input burst signal and its respec- 
tive CTRL pulse determines which of the cycles within an indi- 
vidual burst are integrated. Two different timing examples 
which result in different cycles of the input waveform being in- 
tegrated are shown in Figure 21. This is drawn for a two-burst 
pattern with N, the programmed 
number of cycles to be cap- 
tured, set to 4. 


,.._.=tf\tA4 
InputVoltege 
H 


In Example I the CTRL input goes high just after the rising 
edge of the ZCD output which itself occurs in the middle of the 
second cycle of burst I. Approximately 
3/2 cycles after this, the 


.,integrate (~T) 
signal goes high to start the integrator and re- 
mains liig 
fOr four cycles of the input waveform. The CTRL 
input .is maintained high for a further 2 cycles of the input 
waveform. With this timing relationship, 
cycles 4, 5, 6 and 7 of 
burst I are integrated. 
Since CTRL is kept low for the mini- 
mum time of 3/2 cycles of the captured input waveform, the 
same timing relationship between CTRL and the input signal 
is maintained for burst 2 and, again, cycles 4, 5, 6 and 7 are 
integrated. 


In Example 2, the CTRL input goes high just after the falling 
edge of the ZCD output at the start of the first cycle of burst I.• 
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Figure 21. 
Two Examples 
of Movement 
of the Integration 
Window 
as a Result of Relative 
Timing 
Between 
CTRL and the Input 
Burst Signal 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise 
agreed to in writing. 


Approximately 
2 cycles later the integrate signal, !NT, goes 
high and remains high for four cycles. CTRL is maintained high 
for a further 3/2 cycles before being brought low. With this tim- 
ing, cycles 3, 4, 5 and 6 are integrated. 
The same timing rela- 
tionship between CTRL and the input signal is maintained for 
burst 2 and, again, cycles 3, 4, 5 and 6 are integrated. 


Late positioning of the CTRL input can have a similar result. 
For instance, in Example I, if CTRL goes high one-half cycle 
later than shown, then there will be almost two full cycles, delay 
from CTRL to INT going high. This would result in cycles 5, 
6, 7 and 8 being integrated. 
In siruations where a degree of syn- 
chronization is possible between CTRL and VIN' making the 
rising edge of CTRL coincident with VIN = 0 V and going posi- 
tive is the optimum siruation. 


Layout Hints 
Ensure that the layout for the printed circuit board has the digi- 
tal and analog grounds separated as much as possible. Take care 
not to run any digital track alongside an analog signal track. 
Guard (screen) the analog inputs with AGND. 


Establish a single-point analog ground separate from the logic 
system ground and as close as possible to the AD7773 or 
AD7775. Both AGND pins on the AD7773/AD7775 and all 
other signal grounds should be connected to this single-point 
analog ground. In rum, this star ground should be connected.to 
the digital ground at one point only-preferably 
at the I 
. 
pedance power supply itself. 


Low impedance analog and digital powe 
y COIDtnqn re- 
rums are important 
for correct operation of the devices, so 
the foil width for these tracks as wide as 
ssib e. 


In order to ensure a low impedance +5 V powe 
s 
acrual V= pin, it will be necessary to employ bypas 
apacitors 
from the pin itself to DGND. 
A 4.7 ILF tantalum capacitor in 
parallel with a 0.1 ILFceramic capacitor is sufficient. 


ADC Corruption 
Executing a read instruction 
to the AD7773/ AD7775 while con- 
versions are in progress can result in the conversion-in-progress 
being corrupted. 
This is due to transient currents which flow 
when the output data drivers rum on. The possibility of ADC 
corruption is avoided if read instructions 
to the AD7773/AD7775 
are avoided for some time after the fmal CTRL pulse goes Low. 
The duration of this wait period should be: 


TeL/UN 
(NBurslS.I4 + 2.5 + 1) 


N is the programmed 
number of bursts, 
I to 4, to be caprured. 


Although each conversion takes only 14 CLKIN 
cycles, it can 
take up to 2.5 CLKIN 
cycles to synchronize the external clock 
with CTRL before any conversions start. 


A further CLKIN 
cycle should be allowed for location SRO of 
the starus register to be updated. 


Changing Modes of Operation 
The AD7773 and AD7775 have two normal operating modes- 
synchronous detector and gated detector modes - and one cali- 
bration mode. Changing between any of these modes simply re- 
quires changing the appropriate contents of the control register 
as already described under the individual descriptions of these 
modes. However, there are a number of considerations 
which 
should be followed when changing between modes. The first is 
that no mode change be attempted 
before the burst capture and 
conversion sequence is complete (i.e., not until location SRO of 
the Starus Register rerums low). This will avoid any inadvertent 
corruption of a conversion in progress. The second consideration 
involves the delay between writing to the control register and 
starting a new burst capture sequence. This time is defmed un- 
der the Demodulator 
Timing Characteristics 
as the WR rising 
edge to CTRL rising edge and is specifted as 200 ns minimum. 
It is required to ensure that the correct conditions have been set 
up internal to the device. 


A fmal consideration invo 
es allowing sufficient time for the 
integrating capaci 
to discharge when changing from 
the calibrati 
m 
on 
f the other operating modes. This 
is neces 
s mode, CINT is not discharged by the 
~t~!1~ 
g 
switcQ, SW3, either between successive 
ct'R 
pulses or even on completion of the burst capture se- 
q ence. A dischar 
of 
00 ns-equivalent 
to te2, the 
CTRL I 
tiIne j.n the "calibration mode-is 
adequate after 
tr 
sfening 
of the calibration mode. This discharge time 
and th 
previous set up time of 200 ns must be added together 
arrive at 
Ii 
verall delay. 


This information applies to a product under development. 
Its characteristics 
and specifications 
are subject to change without notice. 
Analog Devices assumes 
no obligation regarding future manufacture 
unless otherwise agreed to in writing. 


FEATURES 
Four-Channel, a-Bit, 3.6 JLsADC 
Three DACs with 
On-Chip Amplifiers: 
One 11-Bit, a JLsDAC 
Two a-Bit, 4 JLsDACs 
Simultaneousllndependent 
Sampling 
of Input 
Channels 
Adjustable 
Span and Bias Voltage for Input Channels 
Adjustable 
Bias Voltage for Output 
Channels 
Operates from +5 V and +12 V Supplies 


APPLICATIONS 
HOD Dedicated Servo 
HOD Hybrid Servo 
Closed-Loop Servo Systems 


GENERAL 
DESCRIPTION 
The AD7774 is a complete analog 110 port comprising three 
DACs (two 8-bit and one II-bit) with output amplifiers, four 
input channels, two tracklhold amplifiers and an 8-bit ADC. It 
has versatile input and output signal-conditioning 
features which 
make it ideal for use in head-positioning 
servos in dedicated- 


only and combined dedicated/embedded 
disk systems and other 


closed-loop digital servo systems. 


The part contains four input channels, grouped in pairs. VAl 
and VA2 share a common tracklhold amplifier, Track/Hold 
A, 
while VBI and VB2 share Track/Hold 
B. Either single or double 
conversions can be performed. 
In single conversion mode, any 
one of the four input channels can be converted. In double con- 
version mode, either VAl and VBI or VA2 and VB2 are simulta- 
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neously held by Track/Hold 
A and Track/Hold 
B, and the held 
voltages are sequentially converted. 


The center point of the transfer function (the bias voltage) can 
be set for all input and output channels. This makes the 
AD7774 especially useful in disk drives, where only a positive 
supply rail is available, as it allows the analog input and output 
voltages to be referred to a point other than analog ground. In 
addition, the input span (the swing around the bias voltage) can 
be set for the input channels. The output span for all three 
channels is set by the on-chip reference. 


The AD7774 operates from +5 V and + 12 V supplies. It is fab- 
ricated in Linear Compatible CMOS (LC2MOS), 
an advanced, 
mixed technology process that combines precision bipolar cir- 
cuits with low power CMOS logic. The part is available in a 28- 
lead dual-in-line (DIP) package and in a 28-terminal plastic 
leaded chip carrier (PLCC) package. 


PRODUCT 
HIGHLIGHTS 
I. The AD7774 contains a four-channel, 
3.6 
f.LS ADC with in- 
put signal conditioning and three DACs with output amplifi- 
ers and output signal conditioning, 
on a single chip. 


2. The midpoint of the ADC transfer function, the input volt- 
age swing of the ADC and the midpoint output voltage of the 
DACs can be set by applying ground referenced control 
voltages. 


3. The AD7774 interface timing is compatible with most mod- 
ern microcontrollers 
and digital signal processors. • 


2.5V INTERNAL 


REFERENCE 
AND 


INPUT 
REFERENCE 


CIRCUITRY 


Parameter 
K Version 1 
Units 
Conditions/Comments 


DC ACCURACY 
Resolution2 
8 
Bits 
Relative Accuracy3 
±I 
LSB max 
Differential Nonlinearity3 
±I 
LSB max 
No Missing Codes 
Bias Offset Error3 
±5 
LSB max 
Relative Offset Error3 
±2 
LSB max 
Full-Scale Error3 
±5 
LSB max 


ANALOG INPUTS 
Input Voltage Range 
All Inputs 
V BIAS 
± V SWING 
V min to V max 
DBo-DB3 of ADC Control Register = 0 
All Inputs 
VBIAS± VSW1Nd2 
V min to V max 
DBo-DB3 of ADC Control Register = I 
Input Current 
±l 
mAmax 


REFERENCE 
INPUTS 
Input Voltage Levels 
VB1AS 
4 
+3 to +6.8 
V min to V max 
With Respect to AGND 


VSWING 
Internally Generated 
+ 2.325 to + 2.675 
V min to V max 
2.5 V ±70/0; Available on VSWlNGPin' 


Internal Tempco 
±50 
ppmf'C typ 
Externally Applied 
+2 to +3 
V min to V max 
With Respect to AGND tor Specified 
Performance 
Input Current 
VBIASInput 
1.5 
mA max 
VSWINGInput 
±loo 
Il-Amin/Il-A max 


LOGIC OUTPUTS 
DBo-DB7, 
BUSY 
VOL>Output Low Voltage 
0.4 
Vmax 
ISINK = 1.6 mA 
VOH' Output High Voltage 
4.0 
Vmin 
ISOURCE= 200 Il-A 
Floating State Leakage Current 
±IO 
Il-Amax 
Floating State Capacitance" 
10 
pF max 
Output Coding 
2s Complement 


LOGIC INPUTS 
See DAC Specifications 
- 


CONVERSION 
TIME 
See Timing Characteristics 


POWER REQUIREMENTS 
VCCRange 
+4.75/+5.25 
V minIV max 
For Specified Performance 
Voo Range 
+ 10/+ 13.2 
V minIV max 
For Specified Performance 
100 
20 
mAtyp 
DACs Loaded with Full Scale; 
All Analog Inputs = VBIAS 


100 
33 
mAmax 
DACs Loaded with Full Scale; 
All Analog Inputs = VBIAS 
Icc 
8 
mAmax 
Logic Inputs = 0.8 Vor 2.4 V 


NOTES 
'Temperature 
range: 0"C to +70"C. 


'With VSWING= 2.5 V and DBQ--DB3of the ADC Control Register = 0, I LSB = (2*VSWING)/256= 19.5 mY. 
With VSWING= 2.5 V and DBQ--DB3of the ADC Control Register = 1, 1 LSB = (VsWING)/256= 9.75 mY. 
'See Terminology. 
4'fhe maximum 
VS1AS voltage is limited by the requirement 
VB1AS+ VSWING(or VswlNd2) 
:$ Voo 
- 2 V. 
'The source impedance of the intemally generaled VSWINGis nominally 10 !<n. If this internally generated VSWINGis required for use extemalto 
the AD7774, il 
is recommended 
that the VSWING output is buffered. 
6Sample tested at + 2SOC to ensure compliance. 


Specifications 
subject to change without notice. 


(Yuu = + 10 V to + 13.2 V; Vee = +5 V ± 5%; AGND= DGND= 0 V; VS1AS = +5 V; 
OAC SPECIFICATIONS 
RL = 10 kG, CL = 100 pF to AGIlD.1 All specifications 1mi• to 1ma• unless otherwise stated.) 


Parameter 
K Version' 
Units 
Conditions/Comments 


STATIC PERFORMANCE 
DACA 
Resolution' 
II 
Bits 


Relative Accuracy' 
:t2 
LSB max 
Differential Nonlinearity' 
:tl 
LSB max 
Guaranteed Monotonic 
Bias Offset Error' 
:t50 
mV max 
Full-Scale Error' 
:t50 
mVmax 
DACB, 
DACC 
Resolution' 
8 
Bits 
Relative Accuracy' 
:tl 
LSB max 


Differential Nonlinearity' 
:tl 
LSB max 
Guaranteed Monotonic 


Bias Offset Error' 
:t5 
LSB max 
Full-Scale Error' 
:t5 
LSB max 


ANALOG OUTPUTS 
Output Voltage Range 
All Outputs 
VBIAS- VSWINGor 1.0 
Vmin 
Whichever Is the Higher 
VBIAS+ VSWINGor Voo - 2.0 
Vmax 
Whichever Is the Lower 
dc Output Impedance 
0.5 
n typ 


REFERENCE 
INPUTS 
Input Voltage Levels 
VBIAS 
5 
+3to+6.8 
V min to V max 
With Respect to AGND 


VSWING 
Internally Generated 
+2.325 to +2.675 
V min to V max 
2.5 V :t7%; Available on the 
VSWINGPin"' 
7 


Internal Tempco 
:t50 
ppmf'C typ 
Input Current 
As Per ADC Specifications 
, 


AC CHARACTERISTICS" 


Voltage Output Settling Time 
DACA 
Full-Scale Change 
3 
fLsmax 
Settling Time to Within :t 1/2 LSB 
of Final Value 
DACB, 
DACC 
Full-Scale Change 
2 
fLsmax 
Settling Time to Within :t 1/2 LSB 
of Final Value 
Digital-to-Analog Glitch Impulse' 
IS 
nV see typ 
Digital Feedthrough' 
I 
nV see typ 


LOGIC INPUTS 
CS, RD, WR, ADo-AD2, 
DBo-DB7 
Input Low Voltage, VINL 
0.8 
Vmax 
Input High Voltage, VINH 
2.4 
Vmin 
Input Leakage Current 
10 
f.LAmax 
Input Capacitance" 
10 
pF max 
DBo-DB7 
Input Coding 
2s Complement 


POWER REQUIREMENTS 
See ADC Specifications 


• 


NOTES 
lne 
DACs will also operale to specification with a load of 5 ldl aod 100 pF to VBIAS' 


'Temperature 
range: O"Cto + 7O"C. 
'I LSB = (2*VSWlNGY2N, where N is the DAC resolution. 1 LSB = 2.44 mV for DAC A with VSWXNG = 2.5 V; I LSB = 19.5 mV for DAC B, DAC C with 
VSWXNG = 2.5 V. 
'See Terminology. 
'The maximum VBIAS voltage is limited by the requirement VBIAS + VSWlNG'" 
Voo - 2 V. 


"The SOIlItt 
impedance of the internally generated VSWING is nominaUy 10 kO. If this internally generated VSWING is required for use enernal 
to the AD7774, it 


is recommended that the VSWING output is buffered. 
'DAC output span cannot be adjusted externally, i.e., adjusting VSWING d•••• not change the DAC output span. 
'Sample tested at +25'C to ensure compliance. 
Specifications subject to change without notice. 


G C 
CTER STICS 
l 
(See Figures 2, 3, 4.) 
TIMIN 
HARA 
I 
(VDD = + 10 V to + 13.2 V, Vee = +5 V ± 5%, AGND= DGND= 0 V.) 


Parameter 
Limit at T min' T max 
Units 
Conditions/Comments 


t[2 
10/65 
ns minlns max 
Data Access Time after CS 
t/ 
10/65 
ns minlns max 
Data Access Time after RD 
t/ 
5/45 
ns minlns max 
Bus Relinquish Time after CS 
t.' 
5/45 
ns minlns max 
Bus Relinquish Time after RD 


t, 
10175 
ns minlns max 
Data Access Time after Address Valid; CL = 50 pF 


t. 
58 
ns min 
WR Pulse Width, tll = 58 ns, t12 = 18 ns 


128 
ns min 
WR Pulse Width, tll = 128 ns, t12 = 0 ns 
t7 
0 
ns min 
CS to WR Setup Time 


t8 
0 
ns min 
Address Valid to WR Setup Time 


t. 
0 
ns min 
CS to WR Hold Time 
. 


tlO 
0 
ns min 
Address Valid to WR Hold Time 
tll 
58 
ns min 
Data Setup Time Prior to WR Rising Edge, t. = 
58 ns, t12 = 18 ns 


128 
ns min 
Data Setup Time Prior to WR Rising Edge, t. = 128 ns, t[2 = 0 ns 


t[2 
18 
ns min 
Data Hold Time after WR Rising Edge, t. = tll = 58 ns 


0 
ns min 
Data Hold Time after WR Rising Edge, t. = tll = 128 ns 


t13 
ADC Conversion Time; Rising Edge of WR to Rising Edge of BUSY 
3.6 
I1S max 
DB4 of ADC Control Register = I; CL = 20 pF 
3.7 
I1S max 
DB4 of ADC Control Register = I; CL = 100 pF 
6 
I1S max 
DB4 of ADC Control Register = 0; CL = 20 pF 
6.1 
I1S max 
DB4 of ADC Control Register = 0; CL = 100 pF 
t[. 
100 
ns max 
Rising Edge of WR to Falling Edge of BUSY; CL = 20 pF 
150 
ns max 
Rising Edge of WR to Falling Edge of BUSY; CL = 100 pF 


t" 
10 
ns min 
Address Valid to CS or RD Setup Time 


tSAMP 
±50 
ns max 
ADC Channel to Channel Sampling Skew 


NOTES 
'Sample tested at +25°C to ensure compliance. All input signals are specified with rr = If = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 


2t1 and 
(2 are measured with the load circuit of Figure I and defined as the time required for an output to cross 0.8 V or 2,4 V. 


3() and 
14 are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is 


then extrapolated back to remove the effects of charging or discharging the lOOpF capacitor. This means that the times, 1) and (4' quoted in the timing charac- 
teristics are the true bus relinquish times of the part and as such are independent of external bus loading capacitance. 


Temperature 
Relative 
Package 
Model 
Range 
Accuracy 
Option· 


AD7774KN 
O°Cto +70°C 
±I LSB 
N-28 
AD7774KP 
O°Cto +70°C 
±l 
LSB 
P-28A 


ABSOLUTE 
MAXIMUM 
RATINGS· 
T. 
= +2S"C unless otherwise noted 
VDD to AGND or DGND 
-0.3 
V, +15 V 
Vcc to DGND 
-0.3 
V, VDD + 0.3 V or +7 V 
(whichever is lower) 
AGND to DGND 
-0.3 
V, Vcc + 0.3 V 
CS, RD, WR, ADo-AD2 
to DGND 
-0.3 
V, VDD 
+ 0.3 V 
DBo-DB7, 
BUSY to DGND 
-0.3 
V, Vcc + 0.3 V 
Analog Input Voltage to AGND 
-0.3 
V, VDD + 0.3 V 
Analog Output Voltage to AGND 
-0.3 
V, VDD 
+ 0.3 V 
Operating Temperature 
Range 
Commercial (K Version) 
O·C to +70·C 
Power Dissipation (Any Package) to +75·C 
1000 mW 
Derates above +75·C by 
6 mWrC 
Storage Temperature 
Range 
-65·C 
to + 150·C 
Lead Temperature 
(Soldering, 
10 secs) 
+ 300·C 


·Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
cause 


permanent 
damage 
to the device. 
This 
is a stress 
rating only 
and functional 


operation of the device at these or any other conditions above those listed in the 
operational 
sections 
of this specification 
is not implied. 
Exposure 
to absolute 


maximum rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at anyone time. 


Note: 
During power supply sequencing some of the absolute maxi- 
mum rating specifications may be violated. The following speci- 
fications are allowed during power-up (for 5 seconds) without 
causing permanent 
damage to the device: 


I) Digital Input Current, 
100 mA. 


2) Vcc to VDD Current, 
3A. 


If the Vcc supply can provide more than 3A to VDD during 
power supply sequencing or if Vcc can exceed VDD by more 
than 0.3 V at any other time, the diode protection scheme 
shown below is recommended; 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


Pin 
Mnemonic 


1 
Voo 


2 
Vcc 
:H> 
DBo-DB3 


7 
DGND 


8-11 
DB4-DB7 


12 
BUSY 


13-15 
ADO-ADZ 


16 
CS 


17 
WR 


18 
RD 


19 
VBI 


20 
VB2 


21 
VA2 


22 
VAl 


23 
AGND 


24 
VSWING 


Description 


Analog Supply Voltage, + 12 V nominal. This is used to power all analog circuitry on the part. 


Digital Supply Voltage, + 5 V nominal. This is used to power all digital circuitry on the part. 


Data Bit 0 to Data Bit 3 of the Input/Output 
Data Bus. This is a bidirectional data port from which 
ADC output data may be read and to which DAC input data and.ADC Comrol Register data may 
be written. 


Digital Ground. Ground reference for digital circuitry. 


Data Bit 4 to Data Bit 7 of the Input/Output 
Data Bus. This is a bidirectional data port from which 
ADC output data may be read and to which DAC input data and ADC Control Register data may 
be written. 


BUSY. Active low logic output indicating AiD converter status. The AD7774 is performing an 
ADC conversion if this output is low. 


Address Inputs. These select the internal latches and registers and also the analog input channel to 
be converted (see TIMING 
AND CONTROL 
section). 


Chip Select Input. The device is selected when this input is active. 


Write Input. Edge-triggered 
logic input. It is used in conjunction with CS·and ADo-AD2 
to write 
data to the DAC registers and the ADC Control Register. Data is written to the registers on the 
rising edge of this WR input. The 11 bits of data for DAC A are written from the 8-bit data bus in 
two write operations. The rising edge of WR also starts conversion when ADo-AD2 
are set to 
appropriate 
values (see ADC Control Register section). 


Read Input. Active low logic input. It is used in conjunction with CS to enable- the data outputs 
from the ADC latches. 


Analog Input Bl. This input shares Track/Hold 
Amplifier B with Analog Input B2. The analog 
input range is VBIAS± VSWINGor VBIAS± VswlNd2. 
The input voltage on this input and the 
VAl input are simultaneously 
sampled. 


Analog Input B2. This input shares Track/Hold 
Amplifier B with Analog Input Bl. The analog 
input range is VB1AS± VSWINGor VBIAS± VswlNd2. 
The input voltage on this input and the 
VA2input are simultaneously 
sampled. 


Analog Input A2. This input shares Track/Hold 
Amplifier A with Analog Input Al. The analog 
input range is VB1AS± VSWINGor VBIAS± VswlNd2. 
The input voltage on this input and the VB2 
input are simultaneous sampled. 


Analog Input Al. This input shares Track/Hold 
Amplifier A with Analog Input A2. The analog 
input range is VB1AS± VSWINGor VBIAS± VswlNd2. 
The input voltage on this input and the VBI 
input are simultaneous sampled. 


Analog Ground. Ground reference for analog circuitry. 


Analog Input/Output. 
The internal voltage reference, which is nominally 2.5 V and provides the 
span voltage for the input and output channels, is provided at this pin. The output span voltage is 
2 VSWINGwhile the input span voltage can be 2 VSWINGor VSWING'This pin can also be driven 
from an external voltage source to allow the span voltage for the input channels to be adjusted. The 
input voltage range is + 2 V to + 3 V with respect to AGND. Adjusting this voltage externally does 
not change the DAC output span which is determined 
by the internal reference and remains at 5 V 
nominal. 


Analog Output Voltage for DAC C. Eight-bit buffered output with an output range of 
VOUTC= VBIAS± VSWING;1 LSB = 2 VswINd256 = 5 V/256 = 19.5 mV nominal. 


Input Bias Voltage. The voltage applied to this input (with respect to AGND) sets the midpoint of 
the transfer function for all input and output channels. The bias voltage range is + 3 V to +6.8 V. 


Analog Output Voltage for DAC B. Eight-bit buffered output with an output range of 
VOUTB= VBIAS± VSWING;1 LSB = 2 VswINd256 = 5 V/256 = 19.5 mV nominal. 


Analog Output Voltage for DAC A. Eleven-bit buffered output with an output range of 
VOUTA= VB1A•± V.W1NG;1 LSB = 2 VswlNd2048 
= 5 V12048 = 2.44 mV nominal. 


Relative Accuracy 
For the AD7774 ADC, Relative Accuracy or endpoint non- 
linearity is the maximum deviation, in. LSBs, of the ADC's ac- 
tual code transition points from a straight line drawn between 
the endpoints of the ADC transfer function. 


For the DACs, Relative Accuracy or endpoint nonlinearity is a 
measure of the maximum deviation, in LSBs, from a straight 
line passing through the endpoints of the DAC transfer 
function. 


Differential 
Nonlinearity 
Differential Nonlinearity 
is the difference between the measured 
change and the ideal I LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1 LSB max 
ensures monotonicity 
(DAC) or no missed codes (ADC). 


Bias Offset Error 
For an ideal 8-bit ADC, the output code for an input voltage 
equal to VBIASshould be 00 Hex. The ADC Bias Offset Error is 
the difference between the actual midpoint voltage for code 00 
Hex and the input bias voltage, expressed in LSBs. 


For an ideal DAC, the output voltage for code 000 Hex (DAC 
A) or code 00 Hex (DAC B, DAC C) should be equal to VBIAS' 
The DAC Bias Offset Error is the difference between the actual 
output voltage and VBIAS'expressed in LSBs. 


Relative Offset Error 
Relative Offset Error is the difference between the result of an 
internal bias conversion and the result of a conversion carried 
out with each of the analog inputs connected to VBIAS' 


Full-Scale 
Error (DAC) 
The DACs in the AD7774 can be considered as having a bipolar 
(positive and negative) output range, but referred to the input 
bias voltage instead of AGND. Positive Full-Scale Error for the 
DACs is the difference, expressed in LSBs, between the actual 
output voltage for input code 3FF Hex (for DAC A) or 7F Hex 
(DAC B, DAC C) and the ideal voltage (VBIAS+ VSWING- 
I 
LSB). Negative Full-Scale Error for the DAC is similarly speci- 
fied for code 400 (DAC A) or code 80 (DAC B, DAC C), rela- 
tive to the ideal output voltage (VSWING- VBIAS)'Note that 
the full-scale errors for the DACs are measured after the bias 
offset errors have been adjusted out. 


The input channels of the ADC can also be considered as having 
bipolar (positive and negative) input ranges, but referred to the 
input bias voltage instead of AGND. Positive Full-Scale Error 
for the ADC is the difference between the actual input voltage 
at the 7E to 7F code transition and the ideal input voltage 
(VBIAS+ VSWING-1.5 
LSB), expressed in LSBs. Negative 
Full-Scale Error is similarly specified for the 81 to 80 code tran- 
sition, relative to the ideal input voltage for this transition 
(VBIAS- VSWING+0.5 LSB). Note that the full-scale errors for 
the ADC input channels are measured after their respective Bias 
Offset errors have been adjusted out. 


Digital-to-Analog 
Glitch Impulse 
Digital-to-Analog Glitch Impulse is the impulse injected into the 
analog output when the digital inputs change state with the 
DAC selected. It is normally specified as the area of the glitch 
in nV sees and is measured when the digital input code is 
changed from all Is to all Os. 


Digital Feedthrough 
Digital Feedthrough 
is also a measure of the impulse injected 
into the analog outputs from the digital inputs but is measured 
when the DAC is not selected. It is essentially feedthrough 
across the die and package. It is important 
in the AD7774 since 
it is a measure of the glitch impulse transferred 
to the analog 
output when data is read from the ADC latches. It is specified 
in nV sees and is measured with WR high and a digital code 
change from aliOs to all Is. 


• 


TIMING 
AND CONTROL 
The AD7774 contains two ADC data latches, an ADC control 
register and three DAC registers. Each of the ADC data latches 
contains a conversion result from the held voltage on its respec- 
tive uacklhold, 
i.e., ADC Latch A contains the result of a con- 
version performed on the held voltage on TrackIHold 
A, while 
ADC Latch B contains the results of a conversion done on the 
held voltage on TrackIHold 
B. The ADC control register deter- 
mines whether a single or double conversion takes place and also 
determines the conversion sequence . In addition, it controls the 
analog input range for each channel. 


Reading from the AD7774 accesses the contents of the ADC 
data latches. The RD input is a level-triggered input. Writing to 
the device either initiates conversion on the channel(s) deter- 
mined by the ADC control register or loads data to the DAC 
registers. The WR input is an edge-triggered input. The follow- 
ing sections describe read, write and control register operations 
for the AD7774. 


" 


CS 
RD 
WR 
AD2 
ADI 
ADO 
Function 
I 
X 
X 
X 
X 
X 
No Read Operation. 


X 
I 
X 
X 
X 
X 
No Read Operation. 


0 
0 
X 
X 
X 
0 
The contents of ADC Latch A are output to the databus. This will contain the results 
of a conversion on either VAl or VA2 (see ADC Control Register section). 


0 
0 
X 
X 
X 
I 
The contents of ADC Latch B are output to the databus. This will contain the results 
of a conversion on either V81 or V82 (see ADC Control Register section). 


CS 
RD 
WR 
AD2 
ADI 
ADO 
Function 
I. 


I 
X 
X 
X 
X 
X 
No Write Operation. 


X 
X 
I 
X 
X 
X 
No Write Operation. 


0 
I 
~ 
0 
0 
0 
DBD-DB7 are written to the upper 8 bits of the DAC A Register. 


0 
I 
~ 
0 
0 
I 
DB5-DB7 
are written to the lower 3 bits of the DAC A Register, and all 11 bits of 
the DAC A register are loaded to DAC A. 
0 
I 
~ 
0 
I 
0 
DBD-DB7 are written into the DAC B Register and are loaded to DAC B. 


0 
I 
~ 
0 
I 
I 
DBD-DB7 are written into the DAC C Register and are loaded to DAC C. 


0 
I 
~ 
I 
0 
0 
Start conversion on either VAl or V81 or both (DB4 and DB5 of the ADC Control 
Register determine operation - see ADC Control Register section). 


0 
I 
~ 
I 
0 
1 
Start conversion on either VA2 or V82 or both (DB4 and DB5 of the ADC Control 


.l" 
Register determine operation - see ADC Control Register section) . 


0 
I 
I 
I 
0 
Start conversion on either TrackIHold A bias voltage or TrackIHold 
B bias voltage or 
both (DB4 and DB5 of the ADC Control Register determine operation-see 
ADC 
Control Register section). See Bias Conversions section for explanation. 


0 
I 
~ 
1 
1 
I 
DBD-DB5 is written to the ADC Control Register. 


ADC Control Register 
The ADC Control Register determines whether a single or dou- 
ble conversion takes place and also which track/hold output is 
converted when a write operation to start conversion takes place. 
The single/double conversion is determined 
by DB4 (see below). 


A double conversion means that both track/holds go into hold 
mode simultaneously, 
and the ADC converts both held voltages 
in sequence. The ADC status line, BUSY, does not indicate that 
the conversion sequence has ended until both conversions are 


ADC Control Register Bit 


DBO 
o 
I 


DBI 
o 
I 


DB2 
o 
I 


DB3 
o 
I 


DB4 
o 
I 


DBS 
o 


complete. In the single conversion mode, both track/holds again 
are simultaneously held but only one of these "held" voltages is 
converted-the 
other is ignored. The ADC status line, BUSY, 
indicates that the conversion sequence has ended after one track! 
hold voltage has been converted. 
DBS determines which track! 
hold voltage is converted in the single conversion mode. The 
ADC Control Register also determines the analog input voltage 
range for all four inputs (see DB{}-DB3 below). 


Function 


VAl Input Voltage Range 
Input Range is VBIAS:!: VSWING 
Input Range is VBIAS:!: VSWINd2 


VA2Input Voltage Range 
Input Range is VBIAS:!: VSWING 
Input Range is VBIAS:!: VSWINd2 


VB' Input Voltage Range 
Input Range is VBIAS:!: VSWING 
Input Range is VBIAS:!: VSWINd2 


VB2Input Voltage Range 
Input Range is VBIAS:!: VSWING 
Input Range is VBIAS:!: VSWINd2 


Single/Double Conversion 
Double Conversion 
Single Conversion 


Conversion Sequence 
First Conversion in the sequence is a 
VA conversion I. 2 
First Conversion in the sequence is a VB 
conversionl•2 
• 


NOTES 
lA V A conversion 
is a conversion 
on either 
V AI' 
VAl' 
or the bias voltage 
for 
TrackIHold A. Address inpulS ADO, ADl and AD2 determine which one of 
these 
signals 
is converted. 
A VB conversion 
is a conversion 
on either 
V BI' 
VB2' 
or the bias voltage 
for TrackIHold 
B. Address 
inputs 
ADO, ADI 
and 
AD2 determine which one of these signals is convened. (See previous page.) 


21D the single 
conversion 
mode 
DB5 
determines 
whether 
a V A conversion 
or 
a VB conversion 
takes 
place. 
In the double 
conversion 
mode, 
DDS simply 
determines 
the order in which 
the two track/hold 
voltages 
are converted. 


ADC Read Cycle 
Figure 2 shows the timing diagram for a read operation for the 
AD7774. It consists of bringing both CS and RD low with data 
being accessed from one of the two on-chip ADC latches. Ad- 
dress line ADO determines from which latch the data is ac- 
cessed. With ADO low, the contents of ADC Latch A are placed 
on the databus during a read operation; with ADO high, a read 
operation will access the contents of ADC Latch B. ADC Latch 
A will contain the results of a conversion on either VAlor VA2 
or the results of a conversion on the bias voltage for Track/Hold 
A. ADC Latch B will contain the results of a conversion on VBI 
or VB2or the results of a conversion on the bias voltage for 
Track/Hold 
B. 


Both the CS and RD inputs are level-triggered. 
If both are hard- 
wired low, the data access time for a read cycle is determined 
from ADO. 


DBO-DB7 
(ASSUMING 
VAUD 
~PREYIOUSLV 
CS = AD = OV) 
DATA 
SElECmlCHANNE1.) 


A write operation to the AD7774 consists of writing data to the 
DAC registers or to the ADC Control Register. A write to the 
AD7774 can also initiate conversion on the ADC (see ADC Con- 
version Sequence section). The function of the write operation is 
determined 
by address bits ADo-AD2. 


The WR input is an edge-triggered 
input, and data is only writ- 
ten to the on-chip registers on the rising edge of WR. Data 
written to the DAC registers must be left justified to load cor- 
rect data. For the 11-bit DAC A, this means that the upper 8 
bits are loaded with the 11-bit MSB occupying the DB7 position 
on the databus. The lower three bits of the 11-bit word are 
loaded in a separate write cycle with DBO of the 11-bit word 
occupying the DBS position on the databus. Figure 3 shows the 
timing diagram for a write operation to the AD7774. 


'''1_ 
-1 
VALID 
DATA 


The AD7774 contains two track/hold amplifiers and one AID 
converter. A conversion sequence can either consist of a single 
conversion or double conversion. In the double conversion 
mode, the track/holds go into hold mode simultaneously, 
and 
the held voltages are converted sequentially by the AID con- 
verter. In the single conversion option, the track/holds again 
go into hold mode simultaneously, 
but only one voltage is 
converted -either 
the held voltage on TrackIHold 
A or Track! 
HoldB. 


Figure 4 shows the timing diagram for the AD7774 conversion 
sequence. Conversion is initiated on the rising edge of WR. 
Address lines ADo-AD2 
determine which channel is to be con- 


verted. On the rising edge of WR, the internal clock oscillator is 
activated, and the channel acquisition time begins. The BUSY 
output goes low to indicate that the conversion sequence has 
begun. The channel acquisition time takes approximately 
1.5 I1S, at which time the track/holds go into hold mode. The 
AID converter then converts the held voltage on either 
TrackIHold A or TrackIHold 
B depending on the status of DBS 
of the control register. 


This first conversion takes a total of 3.6 I1S maximum. 
In the 
single conversion mode, the conversion sequence is now com- 
plete, and the AD7774 indicates this by taking its BUSY status 
line high. In the double conversion mode, the conversion on the 
voltage held on the second track/hold starts at this time and 
runs for another 2.4 I1S maximum. 
In this double conversion 
mode, the BUSY line does not return high until the second con- 
version is complete. At the end of conversion, either single or 
double, the internal clock oscillator is shut down. 


INTERNAL 
TIH HOLD 


SIGNAL 


BUSY 


CIRCUIT 
DESCRIPTION 


Analog Inputs and Outputs 
The AD7774 provides the analog-to-digital and digital-to-analog 
conversion functions required between the microcontroller 
and 
the servo power amplifier in digital servo systems. It is intended 
primarily for closed-loop head positioning in dedicated-only 
and 
combined dedicated/embedded 
disk drives or other closed-loop 
digital servo applications. 
The ability to refer input and output 


signals to some voltage other than ground is of particular impor- 
tance in disk drive applications. Typically, only +5 V digital 
and + IZ V analog supply voltages are available, and the analog 
signals are often referred to a voltage around half the analog 
supply. 


The AD7774 contains two tracklhold amplifiers which feed a 
high speed, 8-bit, sampling ADC, each tracklhold having two 
input channels. The part also contains three DACs with output 
amplifiers-one 
ll-bit 
DAC and two 8-bit DACs. A unique fea- 
ture of the AD7774 is the input and output signal conditioning 
circuitry, which allows the analog input and output voltages to 
be referred to a point other than analog ground. The offset of 
the input channels and output channels is achieved by applying 
a ground-referenced, 
positive control voltage to the VBIASinput 
of the AD7774. The voltage span of the input channels is set by 
applying a ground-referenced, 
positive control voltage to the 
VSWINGinput of the part. The output voltage span from the 
DACs is set by the internal reference voltage. 


Figure 5 shows the input voltage to output code relationship for 
the four input channels. The midpoint code of the input chan- 
nels, 00 Hex (סס OOסס oo Binary), occurs at an input voltage 
equal to VBIAS'Output coding from the ADC is Zs complement 
biased around this VBIASvoltage. 


ADC 
OUTPUT 
CODE 
(HEX) 
1LSB = 2 VSWING 
~ 


OR 


1LSB = VSWING 
256 
t 
VBIAS - VSW1NG 
OR 


VBIAS - VSWING12 


t 
VBIAS +VSWING 
OR 


VBIAS +VSWING12 


VB1AS 


ANALOG 
INPUT 


The input voltage range for the channels depends upon the sta- 
tus of bits DBO to DB3 of the ADC control register. Each these 
bits controls the gain on one of the input channels (see ADC 
Control Register section). The input gain on each one of the 
input channels can either be a gain of 1 or a gain of I/Z. 
This 
results in an input voltage range which can be either VBIAS± 
VSWINGor VBIAS± VswINdZ. 


For the first case, the full scale range (FSR) is Z VSWINGand 
I LSB = Z VswINdZ56. With the nominal VS""INGof +Z.5 V, 
1 LSB = 5 V/Z56 
= 19.5 mY. The ideal first code transition (80 
to 81 Hex) occurs at an analog input voltage equal to VBIAS- 
VSWING+ 0.5 LSB (negative full scale) and the ideal last code 
transition (7E to 7F Hex) occurs at an input voltage equal to 
VBIAS+ VSWING-1.5 
LSBs (positive full scale). 


For the second case, the full scale range (FSR) is VSWINGand 
1 LSB = VswINdZ56. With the nominal VSWINGof +Z.5 V, 
1 LSB = Z.5 V/Z56 = 9.76 mY. The ideal first code transition 
(80 to 81 Hex) occurs at an analog input voltage equal to 
VBIAS- VswlNdZ + 0.5 LSB (negative full scale) and the ideal 
last code transition (7E to 7F Hex) occurs at an input voltage 
equal to VBIAS+ VsWINdZ - 
1.5 LSBs (positive full scale). 


The input code to output voltage relationship for DAC A is 
shown in Figure 6. The DAC output voltage for an input code 
of 000 Hex is ideally equal to VBIAS'Input coding to the DAC 
is Zs complement with the output voltage range biased around 
this VBIASvoltage. The output voltage range is VBIAS± 
VSWING' 
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The output range is Z VSWINGwhere VSWINGis set by the in- 
ternal reference voltage. The nominal DAC output swing is, 
therefore,S 
V and 1 LSB = 5 V/Z048 
= Z.44 mY. The bottom 
end of the transfer function occurs at an input code of 400 Hex 
and is ideally equal to VBIAS- VSWING'The top end of the 
transfer function occurs at an input code of 3FF Hex and is ide- 
ally equal to VBIAS+ VSWING-1 
LSB. 


The transfer function for both DAC B and DAC C is very simi- 
lar to that outlined for DAC A. Once again, the output voltage 
range is VBIAS± VSWING'The VSWINGvoltage is again set by 
the internal reference voltage. Therefore, 
the nominal output 
swing is 5 V and 1 LSB = 5 V/Z56 = 19.5 mY. 


The DAC output voltage for an input code of 00 Hex is ideally 
equal to VBIAS'Input coding to the DACs is 2s complement 
with the output voltage range biased around this VBIASvoltage. 
The bonom end of the transfer function (negative full scale) oc- 
curs at an input code of 80 Hex and is ideally equal to VBIAS- 
VSWING'The top end of the transfer function (positive full 
scale) occurs at an input code of 7F Hex and is ideally equal to 
VBIAS+ VSWING- 
I LSB. The input code to output voltage 
relationship for both DAC B and DAC C is shown in Figure 7. 
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Bias Voltage Conversions 
The voltage applied to the VBIASpin of the AD7774 is applied 
internally to both track/holds. 
Each track/hold introduces some 
bias offset error on this input VBIASvoltage, and these errors 
may differ slightly from each other (typically less than 2 LSBs). 
The AD7774 provides the option to convert the bias voltage to 
estimate the bias offset error. Since both track/holds introduce 
different errors, the AD7774 allows the user to perform a con- 
version on the bias voltage at each track/hold. 
If this is done 
during a calibration routine, the bias offset error in each channel 
can be stored and compensated for in software. After a bias off- 
set conversion for TrackIHold 
A, the results are stored in ADC 
Latch A and for a bias offset conversion for TrackIHold 
B, the 
results are stored in ADC Latch B. 


Driving the Analog Inputs and Reference 
Inputs 
The analog inputs, VAI>VA2' VBl and VB2require up to I mA 
of input current and as such must be driven from low output 
impedance sources. In addition, the VBIASand VSWINGinputs 
must also be driven from low impedance sources. The VSWING 
pin provides the internally generated swing voltage, but this can 
be overdriven by an externally applied voltage. This externally 
applied voltage will generate the VSWINGvoltage for the ADC 
but the VSWINGfor the DACs is always generated from the in- 
ternal swing voltage. 


MICROPROCESSOR/MICROCOMPUTER 
INTERFACING 
The AD7774 is designed for easy interfacing to microprocessors 
and microcomputers 
as a memory mapped peripheral or an I/O 
device. In addition, the AD7774 high speed bus timing allows 
direct interfacing to most microprocessors including the DSP 
processors. 


AD7774-ADSP-2101/ADSp·210S 
Interface 
Figure 8 shows a typical interface to the DSP microcomputer, 
the ADSP-2101/ADSP-2105. 
The ADSP-210l/ADSP-2105 
is 
optimized for high speed numeric processing tasks. 


Because the instruction cycle of the ADSP-21Ol/ADSP-2105 
is 
very fast, the WR and RD pulses must be stretched out to suit 
the AD7774. This is easily achieved as the ADSP-210l/ADSP- 
2105 memory interface supports slower memories and memory- 
mapped peripherals with a programmable 
wait state generation 
capability. A number of wait states, from 0 to 7, can be speci- 
fied for each memory interface. One wait state is sufficient for 
the interface to the AD7774 . 


Conversion is initiated on the required ADC channel using a 
<DM(CST) 
= MRO> where CST is the relevant channel 
address. Writing data to the relevant AD7774 DAC or to the 
AD7774 ADC control register consists of a <DM(DAC) 
= MRO> instruction where DAC is the relevant DAC address 
or the address of the ADC control register. Two write opera- 
tions are required to load the II bits of data to DAC A. A con- 
version result is read using the instruction <MRO = DM(ADC» 
where ADC is the address of the relevant ADC Latch. 


AD7774- 
TMS32OCIOITMS32OC14 
Interface 
A typical interface to the TMS32OCIOITMS32OCl4 is shown in 
Figure 9. The AD7774 is mapped at a port address, and the 
interface is designed for the maximum TMS32OCIO clock fre- 
quency of 20 MHz and the maximum clock frequency of 
25 MHz for the TMS32OCI4. 


Conversion is initiated on the selected AD7774 ADC channel 
using a single I/O instruction, 
<OUT 
CST,A> 
where CST is 
the relevant address for the selected channel. Writing data to the 
relevant AD7774 DAC or to the AD7774 ADC control register 
consists of an <OUT 
DAC,A> 
instruction where DAC is the 
relevant DAC address or the address of the ADC control regis- 


ter. Two write operations are required to load the 11 bits of data 
to DAC A. A conversion result is read using the instruction 
<IN A,ADC> 
where ADC is the address of the relevant ADC 
Latch. 


WE 


(C10) DEN} 


(C14) REN 


AD7774* 


WR 


AD7774- TMS32OC25 Interface 
Figure 10 shows an interface between the TMS32OC25 and the 
AD7774. The TMS32OC25 does not have separate RD and WR 
signals to drive the AD7774 RD and WR inputs directly. These 
have to be generated from the processor STRB and R!W out- 
puts with the addition of some logic gates. 


READY 


MSC 


STRB 


RlW 


Once again, because the processor cycle time is so fast a wait 
state has to be inserted during read and write cycles to the 
AD7774. This is achieved by OR-gating the IS signal with the 
MSC signal to drive the READY input and, thereby, generate 
one wait state during every read and write operation to the 
AD7774. 


Conversion is initiated on the selected AD7774 ADC channel 
using a single I/O instruction, 
<OUT 
CST,A> 
where CST is 
the relevant address for the selected channel. Writing data to the 
relevant AD7774 DAC or to the AD7774 ADC control register 
consists of an <OUT 
DAC,A> 
instruction where DAC is the 
relevant DAC address or the address of the ADC control regis- 
ter. Two write operations are required to load the II bits of data 
to DAC A. A conversion result is read using the instruction 
< IN A,ADC > where ADC is the address of the relevant ADC 
Latch. 


AD7774-8OCl96 
Interface 
Figure 11 shows a typical interface between the AD7774 and the 
8OC196 microcomputer. 
The microcomputer 
is configured in its 
8-bit bus cycle mode and in the address valid strobe mode. In 
this mode, the high order 8 bits of the address bus appear on 
Port 4, while Port 3 contains the multiplexed data bus and lower 
order address bus. 
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Conversion is initiated on the selected AD7774 ADC channel 
using a single VO instruction, 
<STB CST,D> 
where CST is 
the relevant address for the selected channel and D is a location 
in the 8OCl96 register file or is immediate data. Writing data to 
the relevant AD7774 DAC or to the AD7774 ADC control regis- 
ter consists of an <STB DAC,D> 
instruction where DAC is the 
relevant DAC address or the address of the ADC control regis- 
ter and D is a location in the 80C196 register file or is immedi- 
ate data. Two write openuions are required to load the 11 bits 
of data to DAC A. A conversion result is read using the instruc- 
tion <LDB 
D,ADC> 
where ADC is the address of the relevant 
ADC latch and D is a location in the 8OCl96 register file. 


AD7774-80C51 
Interface 
A typical interface between the AD7774 and the 80CSI is shown 
in Figure 12. In this interface, Port 0 provides the multiplexed 
low order address and data bus, and Port 2 provides the high 
order address bus. The ALE signal from the 80CSI is used to 
demultiplex 
the address/data bus. 


Conversion is initiated on the selected AD7774 ADC channel 
using a single instruction, 
<MOV CST,A> 
where CST is the 
relevant address for the selected channel and A is the 80CSI ac- 
cumulator. 
Writing data to the relevant AD7774 DAC or to the 
AD7774 ADC control register consists of an <MOV DAC,A> 
instruction where DAC is the relevant DAC address or the ad- 
dress of the ADC control register, and A is the 80CSI accumula- 
tor. Two write operations are required to load the II bits of 
data to DAC A. A conversion result is read using the instruction 
<MOV A,ADC> 
where ADC is the address of the relevant 
ADC Latch and A is the 80CSI accumulator. 


CS 
AD7774* 


WR 


Figure 12. AD7774 to BOC51Interface 


AD7774-68HCll 
Interface 
Figure 13 shows an interface between the AD7774 and the 
68HCIl. 
In this interface, Port C provides the multiplexed low 
order address and data bus, and Port B provides the high order 
address bus. The AS signal from the 68HCII 
is used to de- 
multiplex the address/data bus. The 68HCll 
does not have sep- 
arate RD and WR signals to drive the AD7774 RD and WR 
inputs directly. These have to be generated from the processor 
E and R!W outputs with the addition of some logic gates. 


Conversion is initiated on the selected AD7774 ADC channel 
using a single instruction, 
<STAA CST> 
where CST is the 
relevant address for the selected channel. Writing data to the 
relevant AD7774 DAC or to the AD7774 ADC control register 
consists of an <STAA DAC> instruction where DAC is the 
relevant DAC address or the address of the ADC control regis- 
ter, and the data is loaded to the relevant register from the 
68HCll 
accumulator. 
Two write operations are required to load 
the II bits of data to DAC A. A conversion result is read using 
the instruction 
<LDAA 
ADC> 
where ADC is the address of 
the relevant ADC latch, and the conversion result is loaded to 
the 68HCll 
accumulator. 
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APPLICATIONS 
The AD7774 servo I/O port is used to convert servo-related sig- 
nals between the analog and digital domains. The input struc- 
ture of the ADC makes it very easy to convert the typical output 
signals provided by a servo demodulator. 


In a magnetic disk drive employing a dedicated servo surface or 
a combined embedded/dedicated 
servo surface, the servo demod- 
ulator produces two, positive-only, quadrature 
signals, generally 


sinusoidal or triangular, from the di-bit patterns read from the. 
servo surface. The quadrature 
signals have the forin of VBIAS ± 
VSWING' 
The simultaneous sampling of the AD7774 input chan- 
nels allows conversion of these quadrature 
signals without intro- 
ducing significant phase delay errors. These converted signals 
provide the servo microcontroller 
with position and track cross- 
ing information from which velocity information can be derived. 
In optical disk drives, analogous servo signals can be derived 
from the quad photodiode detector to provide position and focus 
information for the microcontroller. 


In dedicated servo drives and combined embedded/dedicated 
servo drives, the servo demodulator 
converts the servo informa- 


tion bit patterns from the disk into the standard N and Q 
(normal and quadrature) 
servo signals. The relative phase rela- 
tionship between these signals is important 
so the simultaneous 


sampling feature of the AD7774 is used to maintain the relative 
phase between the N and Q signals. The four channels of the 
AD7774 can be used to process information from two demodula- 
tors. Alternatively, two channels can be used for the N and Q 
signals with the other ADC channels used for current measure- 
ment, temperature 
measurement, 
calibration routines or other 
housekeeping functions. 


In magnetic disk drives, a single voice coil motor is used to po- 
sition the head assembly and one DAC is usually sufficient to 
drive the motor in both the seek and track modes. In the seek 
mode the DAC can be used to generate directly the desired ana- 
log velocity trajectory which the head must travel in order to 
achieve minimum access times. Alternatively the DAC can gen- 
erate a servo error value (computed by the microcontroller) 
be- 
tween the actual head velocity and the desired head velocity. In 


the track mode, the DAC can be used to provide a position er- 
ror signal to keep the head over the track or to detect the head 
off-track, for such purposes as thermal compensation 
and soft- 
error retries. The DACs provide positive-only output signals of 
the form VBIAS± VSWING'which are ideal for driving voice coil 
motors. In general, up to II bits of resolution are required for a 
DAC to control the motor in both the seek and track modes. As 
a result, DAC A would generally be used to drive the voice coil 
motor. The other DAC channels can be used for programmable 
control of the loop filter or for AGC or programmable 
gain 
control. 


A typical servo control loop using the AD7774 is shown in Fig- 
ure 14. In this dedicated servo example, the servo demodulator 
outputs (the N and Q signals) are applied to the VAl and VBI 
inputs of the AD7774. The voice coil motor current, 
IL, is bidi- 


rectional and is supplied by the power transconductance 
ampli- 
fier. One input to this amplifier is held at VBIASwhile the other 
input is driven from the DAC A output, VOUTA' Typical input 
voltages for this power stage are shown in Figure IS. The 
transconductance, 
Go, of the power stage is determined 
by 
external sense resistors. 
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Figure 14. Typical Dedicated Servo Control Loop Using 
theAD7774 
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Figure 15. Typical Relationship Between Input Voltage 
and Output Current for Transconductance Amplifier 


Multichannel 
Expansion 
The AD7774 with its four input channels has the capability of 
monitoring the N and Q signals from two servo demodulators. 
With the addition of a multiplexer and a dual op amp, the sys- 
tem can be expanded so that the AD7774 handles the outputs 
from a number of servo demodulators. 
Using a differential mul- 
tiplexer as shown in Figure 16, the Nand 
Q signals for each 
servo demodulator 
can still be simultaneously 
sampled. The 
ADG527 A multiplexer is ideally suited since it is specified for 
single supply operation (12 V ± 10%). 
•• 


The CS and WR inputs to the AD7774 are gated to provide the 
WR input to the ADG527 A. The multiplexer input is selected 
on the falling edge of WR while the signal is latched on the ris- 
ing edge. The AD7774 starts conversion also on the rising edge 
of WR. Therefore, 
the output signal of the multiplexer must 
have settled to within 8 bits over the duration of the WR pulse. 
The taN (WR) and settling time of the ADG527 A determine the 
width of the WR pulse. 
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FEATURES 
Complete 12-Bit I/O System, Comprising: 
12-Bit ADC with Track/Hold Amplifier 
83 kHz Throughput Rate 
72 dB SNR 
12·Bit DAC with Output Amplifier 
3 ",s Settling Time 
72 dB SNR 
On-Chip Voltage Reference 
Operates from ±5 V Supplies 
Low Power - 
130 mW typ 
Small 0.3" Wide DIP 


APPLICATIONS 
Digital Signal Processing 
Speech Recognition and Synthesis 
Spectrum Analysis 
High Speed Modems 
DSP Servo Control 


GENERAL DESCRIPTION 
The AD7868 is a complete l2-bit I/O system containing a DAC 
and an ADC. The ADC is a successive approximation 
type with 
a track-and-hold 
amplifier having a combined throughput 
rate of 


83 kHz. The DAC has an output buffer amplifier with a settling 
time of 3 fJ-sto 12 bits. Temperature 
compensated 
3 V buried 
Zener references provide precision references for the DAC and 
ADC. 


Interfacing to both the DAC and ADC is serial, minimizing pin 
count and giving a small 24-pin package size. Standard control 
signals allow serial interfacing to most DSP machines. Asyn- 
chronous ADC conversion control and DAC updating is made 
possible with the CONVST and LDAC logic inputs. 


The AD7868 operates from ±S V power supplies, the analog 
input/output 
range of the ADClDAC 
is ±3 V. The part is fully 
specified for dynamic parameters such as signal-to-noise ratio 
and harmonic distortion as well as traditional dc specifications. 


The part is available in a 24-pin, 0.3" wide, plastic or hermetic 
dual-in-line package (DIP) and in a 28-pin, plastic SOlC 
package. 


Complete, 
12-Bit Analog I/O System 
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PRODUCT 
HIGHLIGHTS 
I. Complete 12-Bit I/O System. 
The AD7868 contains a l2-bit ADC with a track-and-hold 
amplifier and a l2-bit DAC with output amplifier. Also in- 
cluded are separate on-chip voltage references for the DAC 
and the ADC. 


2. Dynamic Specifications for DSP Users. 
In addition to traditional dc specifications, the AD7868 is 
specified for ac parameters including signal-to-noise ratio and 
harmonic distortion. 
These parameters along with important 
timing parameters are tested on every device. 


3. Small Package. 


The AD7868 is available in a 24-pin DIP and a 28-pin SOlC 
package. 
• 


AD7868 -SPECIFICATIONS 


ADC SECTION 
(Voo = +5 
V ± 5:*,. Vss = -5 
V ± 5%. AGND 
Tmax unless otherwise noted.) 


A 
B 
T 
Parameter 
Versionl 
Version I 
Version I 
Units 
Test Conditions/Comments 
DYNAMIC 
PERFORMANCE' 
Signal-to-Noise 
Ratio" 
4 (SNR) @ + 25°C 
70 
72 
70 
dB min 
V1N = 10 kHz Sine Wave, fSAMPLE= 83 kHz 
Tmin to Tmax 
70 
71 
70 
dB min 
Typically 71.5 dB for 0<V1N<41.5 
kHz 
Total Harmonic 
Distortion 
(THO) 
-78 
-78 
-76 
dB max 
V1N = 10 kHz Sine Wave, fSAMPLE= 83 kHz 
Typically 
-84 
dB for 0<V1N<41.5 
kHz 
Peak Harmonic 
or Spurious Noise 
-78 
-78 
-76 
dB max 
V1N = 10 kHz Sine Wave, fSAMPLE= 83 kHz 
Typically 
-84 
dB for 0<VIN<41.5 
kHz 
Intermodulation 
Distortion 
(IMD) 


Second Order Terms 
-78 
-78 
-76 
dB max 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE= 50 kHz 
Third Order Terms 
-80 
-80 
-78 
dB max 
fa = 9 kHz, fb = 9.5 kHz, fSAMPLE= 50 kHz 
TrackIH01d Acquisition 
Time 
2 
2 
2 
fLSmax 
DC ACCURACY 
Resolution 
12 
12 
12 
Bits 
Minimum 
Resolution 
for Which 
No Missing Codes Are Guaranteed 
12 
12 
12 
Bits 
Integral Nonlinearity 
± 1/2 
±1/2 
±1/2 
LSB typ 
Integral Nonlinearity 
±1 
±1 
LSB max 
Differential 
Nonlinearity 
±0.9 
±0.9 
±0.9 
LSB max 
Bipolar Zero Error 
±5 
±5 
±5 
LSB max 
Positive Gain ErrorS 
±5 
±5 
±5 
LSB max 
Negative Gain ErrorS 
±5 
±5 
±5 
LSB max 


ANALOG 
INPUT 
Input Voltage Range 
±3 
±3 
±3 
Volts 
Input Current 
±I 
±1 
±I 
mA Max 


REFERENCE 
OUTPUr 
RO ADC @ + 25°C 
2.99/3.01 
2.99/3.01 
2.99/3.01 
V minIV max 
ROADCTC 
±25 
±25 
±25 
ppml"C typ 
ROADCTC 
±40 
±50 
ppml"C max 
Reference Load Sensitivity (aRO ADC vs. aI) 
-1.5 
-1.5 
-1.5 
mV Max 
Reference Load Current Change (0--500 fLA), 
Reference Load Should Not Be Changed 
During Conversion 
LOGIC INPUTS 
(CONVST, 
CLK, CONTROL) 
Input High Voltage, V1NH 
2.4 
2.4 
2.4 
Vmin 
Voo 
= 5 V ± 5% 
Input Low Voltage, V1NL 
0.8 
0.8 
0.8 
Vmax 
Voo = 5 V ± 5% 
Input Current, 
IIN 
±10 
±1O 
±1O 
fLAmax 
V1N=OVtoVoo 
Input Current' 
(CONTROL 
Input Only) 
±1O 
±1O 
±1O 
fLAmax 
V1N = Vss to DGND 
Input Capacitance, 
C1N, 
10 
10 
10 
pF max 


LOGIC OUTPUTS 
DR, RFS Outputs 
Output 
Low Voltage, VOL 
0.4 
0.4 
0.4 
Vmax 
ISINK = 1.6 mA, Pull-Up Resistor 
= 4.7 kil 
RCLK 
Output 
Ou~ 
Low Voltage, VOL 
0.4 
0.4 
0.4 
Vmax 
ISINK = 2.6 mA, Pull-Up Resistor 
= 2 kil 
DR, RFS, RCLK 
Outputs 
Floating-State 
Leakage Current 
±1O 
±1O 
±10 
fLAmax 
Floating-State 
Output 
Capacitance' 
15 
15 
15 
pF max 


CONVERSION 
TIME 
External Clock 
10 
10 
10 
~s Max 
Internal Clock 
10 
10 
10 
~s Max 
The Internal Clock Has a Nominal Value of2.0 MHz 


POWER 
REQUIREMENTS 
For Borh DAC and ADC 
Voo 
+5 
+5 
+5 
V nom 
± 5% for Specified Performance 
Vss 
-5 
-5 
-5 
V nom 
± 5% for Specified Performance 
100 
22 
22 
25 
mAmax 
Cumulative 
Current 
from the Two VDO Pins 
Iss 
12 
12 
13 
mAmax 
Cumulative 
Current 
from the Two Vss Pins 
Total Power Dissipation 
170 
170 
190 
mWmax 
Typically 
130 mW 


NOTES 
ITemperature 
ranges are as follows: 
AIB Versions: 
~40¢C to +85°C; 
T Version: 
-55°C 
to + 125°C. 
2VIN = ±3 V. 
3SNR calculation 
includes 
distortion 
and noise components. 
4SNR degradation 
due to asynchronous 
DAC updating 
during 
conversion 
is 0.1 dB typo 


5Measured 
with respect 
to internal 
reference. 


°For capacitive 
loads greater 
than 50 pF a series resistor 
is required 
(see INTERNAL 
REFERENCE 
section). 
7Tying the CONTROL 
input 
to VDD places the device in a factory 
test mode where normal 
operation 
is not exhibited. 
8Sample tested 
@ +25°C to ensure 
compliance. 


Specifications 
subject 
to change 
without 
notice. 


(YDD = +5 V ± 5%, Vss = -5 
V ± 5%, AGND= DGND= 0 V, HI DAC= +3 V and decoupled as shown in 
OAC SECTION 
FilUre 2, VDVT Load to AGND;HL = 2 kO, CL = 100 pF. All specifications Tmi• to Tow unless otherwise noted.) 


A 
B 
T 
Parameter 
Venion' 
Version' 
Version! 
Units 
Test Conditions/Comments 


DYNAMIC 
PERFORMANCE' 
Signal to Noise Ratio' (SNR) @ + 25'C 
70 
72 
70 
dB min 
VOUT = I kHz Sine Wave, fSAMPLE= 83 kHz 


T..., 
to T •••• 
70 
71 
70 
dB min 
Typically 71.5 dB at +25'C 
for 0 <VoUT<20 
kHz' 


Total Harmonic 
Distortion 
(THD) 
-78 
-78 
-76 
dB max 
VOUT = I kHz Sine Wave, fSAMPLE= 83 kHz 
Typically 
-84 
dB at + 25'C for 0 <VoUT<20 
kHz' 


Peak Harmonic 
or Spurious Noise 
-78 
-78 
-76 
dB max 
VOUT = I kHz, fSAMPLE= 83 kHz 
Typically 
-84 
dB at +25'C 
for 0 <VoUT<20 
kHz' 


DC ACCURACY 
Resolution 
12 
12 
12 
Bits 
Integral Nonlinearity 
±112 
±Jl2 
±Jl2 
LSB typ 
Integral Nonlinearity 
±I 
±I 
LSB max 
Differential 
Nonlinearity 
±0.9 
±0.9 
±0.9 
LSB max 
Guaranteed 
Monotonic 
Bipolar Zero Error 
±5 
±5 
±5 
LSB max 
Positive Full-Scale Error' 
±5 
±5 
±5 
LSBmax 
Negative Full-Scale Error' 
±5 
±5 
±5 
LSB max 


REFERENCE 
OUTPUT" 
RO DAC @ +25'C 
2.99/3.01 
2.99/3.01 
2.99/3.01 
V minIV max 
RODACTC 
±25 
±25 
±25 
ppml'C 
typ 
RODACTC 
±40 
±50 
ppmI'C max 
Reference Load Change 


(I1RO DAC vs. 111) 
-1.5 
-1.5 
- 
J.5 
mVmax 
Reference Load Current 
Change «(}-500 IJ.A) 


REFERENCE 
INPUT 
RI DAC Input Range 
2.85/3.15 
2.85/3.15 
2.85/3.15 
V minIV max 
3 V ± 5% 


Input Current 
I 
I 
I 
IJ.Amax 


LOGIC INPUTS 
(LDAC, 
TFS, TCLK, 
DT) 


Input High Voltage, VINH 
2.4 
2.4 
2.4 
Vmin 
Voo = 5 V ± 5% 


Input Low Voltage, VINL 
0.8 
0.8 
0.8 
Vmax 
Voo = 5 V ± 5% 


Input Current, 
IIN 
±IO 
±1O 
±1O 
IJ.Amax 
VIN = 0 V to Voo 


Input Capacitance, 
CIN7 
10 
10 
10 
pFmax 


ANALOG 
OUTPUT 
Output 
Voltage Range 
±3 
±3 
±3 
V nom 
dc Output 
Impedance 
0.3 
0.3 
0.3 
Otyp 
Shon-circuit 
Current 
20 
20 
20 
mA typ 


AC CHARACTERISTICS7 
Voltage Output 
Settling-Time 
Settling Time to Within 
± 1/2 LSB of Final Value 


Positive Full-Scale Change 
3 
3 
3 
IJ.Smax 
Typically 2 IJ.S 


Negative Full-Scale Change 
3 
3 
3 
IJ.S max 
Typically 2.5 IJ.S 
Digital-to-Analog 
Glitch Impulse 
10 
10 
10 
nV sees typ 
DAC Code Change All Is to AU Os 
Digital Feedthrough 
2 
2 
2 
nV sees typ 
VIN to VOUT Isolation 
100 
100 
100 
dBtyp 
VIN = =':3V, 41.5 kHz Sine Wave 


POWER 
REQUIREMENTS 
As per ADC Section 
• 


NOTES 
ITemperarure 
ranaes 
are u follows: 
AIB Versions, 
-4()OC to +85"<:; 
T Version, 


-SS'C 
10 + 12S'C. 


zy OUT (Pk-pk) 
= '"3 V. 


lSNR 
calculation 
includes 
distortion 
and noise components. 


'UsiDg exlemal sample and hold. 
5Meuured 
with respect 
to RI DAC and includes 
bipolar 
offset error. 
'Por 
capacitive 
loads greater 
than SO pF • series resistor 
is required 
(see INTER- 
NAL REFERENCE section). 
'Sample 
tested @ +2SOC to ensure 
compliance. 


Specifications 
subject 
to notice without 
Dotice. 


Signal- 
Temperature 
to-Noise 
Relative 
Package 
Model 
Range 
Ratio 
Accuracy 
Option' 


AD7868AN 
-40·C to +8S'C 
70 dB 
± 112LSB typ N-24 
AD7868AQ 
-40'C 
to +8S·C 
70 dB 
±1/2 LSB typ Q-24 
AD7868TQ2 - SS'C to + 12S·C 
70 dB 
±1 LSB max 
Q-24 
AD7868BN 
-40'C 
to +8S·C 
72 dB 
±1 LSB max 
N-24 
AD7868BQ 
-40'C 
to +8S·C 
72 dB 
±1 LSB max 
Q-24 
AD7868AR 
-40·C 
to +8S·C 
70 dB 
±1I2 LSB typ R-28 
AD7868BR 
-40·C to + 8S'C 
72 dB 
±1 LSB max 
R-28 


NOTES 
IN = Plastic DIP; Q = Cerdip; R = SOle (Small Outline IC). For outline 
information 
see Package 
Information 
section. 
'AD7868TQ wil be available 10 /883B processing only. Contact local sales 
office 
for military 
data 
sheet. 


Limit at T ~;n' T ~ax 
Limit at T min' T max 
Parameter 
(A, B Versions) 
(T Version) 
Units 
Conditions/Comments 


ADCTIMING 
tl 
50 
50 
ns min 
CONVST Pulse Width 
t/ 
440 
440 
ns min 
RCLK Cycle Time, Internal Clock 
t3 
100 
100 
ns min 
RFS to RCLK Falling Edge Setup Time 
t, 
20 
20 
ns min 
RCLK Rising Edge to RFS 
100 
100 
ns max 


t" 
155 
155 
ns max 
RCLK to Valid Data Delay, CL = 35 pF 
t6 
4 
4 
ns min 
Bus Relinquish Time after RCLK 
100 
100 
ns max 
t135 
2 RCLK + 200 to 
2 RCLK +200 to 
ns typ 
CONVST to RFS Delay 
3 RCLK + 200 
3 RCLK + 200 


DACTIMING 
t7 
50 
50 
nsmin 
TFS to TCLK Falling Edge 
t8 
75 
100 
ns min 
TCLK Falling Edge to TFS 


~6 
150 
200 
ns min 
TCLK Cycle Time 
tlO 
30 
40 
ns min 
Data Valid to TCLK Setup Time 
tll 
75 
100 
nsmin 
Data Valid to TCLK Hold Time 
tl2 
40 
40 
nsmin 
LDAC Pulse Width 


NOTES 
ITiming specifications are sample 
tested 
at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from 
a vollage level of 1.6 V. 
2Serial timing is measured with a 4.7 kO pull-up resistor on DR and RFS and a 2 kO pull-up resistor on RCLK. The capacitance on all three outputs is 3S pF. 
'When using internal clock, RCLK mark/space ratio (measured form a voltage level of 1.6 V) range is 40/60 to 60/40. For external clock, RCLK mark/space 
ratio = external clock mark/space ratio. 
4DR will drive higher capacitance loads but this will add to t5 since it increases the external Re, time constant (4.7 kWICd 
and hence the time to reach 2.4 V. 
'Time 2 RCLK to 3 RCLK depends on conversion start to ADC clock synchronization. 
'TCLK 
mark/space ratio is 40/60 to 60/40. 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(T A = +2S·C unless otherwise noted) 
Voo to AGND 
-0.3 
V to +7 V 
Vss to AGNO 
+0.3 V to -7 V 
AGND to DGND 
-0.3 
V to Voo+O.3 
V 
VOUT to AGND 
Vss to V00 
VtN to AGND 
Vss -0.3 
V to Voo+O.3 
V 
RO ADC to AGND 
-0.3 
V to Voo+0.3 
V 
RO DAC to AGND 
-0.3 
V to Voo+0.3 
V 
RI DAC to AGND 
-0.3 
V to Voo+0.3 
V 
Digital Inputs to DGND 
-0.3 
V to Voo+0.3 
V 
Digital Outputs to DGND 
-0.3 
V to Voo+0.3 
V 
Operating Temperature 
Range 
A, B Versions 
-40°C to +85°C 
T Version 
-55°C to + 125°C 
Storage Temperature 
Range 
-65°C to + l50·C 
Lead Temperature 
(Soldering, 10 sees) 
+ 300°C 
Power Dissipation (Any Package) to +75°C 
450 mW 
Derates above +75°C by 
10 mWrC 


*Suesses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is Dot implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


CAUTION 
_ 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


PIN FUNCTION 
DESCRIPTION 


DIP Pin 
Numbu 
Mnemoaic 


POWER SUPPLY 


7 & 23 
VDD 


10&22 
Vss 


Positive Power Supply, 5 V ± 5%. Both VDD pins must be tied together. 


Negative Power Supply, 
-5 
V ± 5%. Both Vss pins must be tied together. 


8 & 19 
AGND 
Analog Ground. 
Both AGND pins must be tied together. 


6 & 17 
DGND 
Digital Ground. 
Both DGND 
pins must be tied together. 


ANALOG 
SIGNAL 
AND REFERENCE 


ADC Analog Input. 
The ADC input range is ±3 V. 


Analog Output 
Voltage from DAC. This output 
comes from a buffer amplifier. 
The range is bipolar, 
±3 Y with RI 
DAC=+3V. 


Voltage Reference Output. 
The internal ADC 3 Y reference is provided 
at this pin. This output 
may be used as a ref- 


erence for the DAC by connecting 
it to the RI DAC input. 
The external load capability of this reference is 500 IJA. 


DAC Voltage Reference Output. 
This is one of two internal voltage references. 
To operate the DAC with this internal 
reference, 
RO DAC should be connected 
to RI DAC. The external load capability of the reference is 500 ILA. 


DAC Voltage Reference Input. 
The voltage reference for the DAC must be applied to this pin. It is internally 
buffered 
before being applied to the DAC. The nominal reference voltage for correct operation 
of the AD7868 is 3 V. 


ADC INTERFACE 
AND CONTROL 


2 
CLK 
Clock Input. 
An external TTL-compatible 
clock may be applied to this input. 
Alternatively, 
tying this pin to Yss en- 
ables the internallaser-trinuned 
oscillator. 


RFS 
Receive Frame Synchronization, 
Logic Output. 
This is an active low open-drain 
output 
which provides a franting 
pulse for serial data. An external 4.7 kO pull-up resistor is required 
on RFS. 


Receive Clock, Logic Output. 
RCLK is the gated serial clock output which is derived from the internal or external 
ADC clock. If the CONTROL 
input is at Vss the clock runs continuously. 
With the CONTROL 
input at DGND 
the 
RCLK output 
is gated off (three-state) 
after serial transmission 
is complete. 
RCLK 
is an open-drain 
output 
and re- 
quires an external 2 kO pull-up resistor. 


Receive Data, Logic Output. 
This is an open-drain 
data output 
used in conjunction 
with RFS and RCLK 
to transmit 
data from the ADC. Serial data is valid on the falling edge of RCLK when RFS is low. An external 4.7 kO resistor is 
required 
on the DR output. 


Conven 
Start, Logic Input. 
A low to high transition 
on this input puts the track-and-hold 
amplifier into the hold 
mode and starts an ADC conversion. 
This input is asynchronous 
to the CLK input. 


24 
CONTROL 
Control, 
Logic Input. 
With this pin at 0 Y, the RCLK is noncontinuous. 
With this pin at -5 Y, the RCLK is contin- 
uous. Note, tying this pin to YDD places the part in a factory test mode where norinal operation 
is not exhibited. • 


DAC INTERFACE 
AND CONTROL 


14 
TFS 
Transmit 
Frame Synchronization, 
Logic Input. 
This is a frame or synchronization 
signal for the DAC with serial data 
expected after the falling edge of this signal. 


TCLK 


LDAC 


Transmit 
Data, Logic Input. 
This is the data input which is used in conjunction 
with TFS and TCLK 
to transfer se- 
rial data to the input latch. 


Transmit 
Clock, Logic Input. 
Serial data bits are latched on the falling edge of TCLK 
when TFS is low. 


Load DAC, Logic Input. 
A new word is transferred 
into the DAC latch from the input latch on the falling edge of this 
signal. 


No Connect. 


CONVERTER 
DETAILS 
The AD7868 is a complete 12-bit I/O port, the only external 
components required for normal operation are pull-up resistors 
for the ADC data outputs and power supply decoupling capaci- 
tors. It is comprised of a 12-bit successive approximation 
ADC 
with a track/hold amplifier, a 12-bit DAC with a buffered out- 
put and two 3 V buried Zener references, a clock oscillator and 
control logic. 


ADCCLOCK 
The AD7868 has an internal clock oscillator which can be used 
for the ADC conversion procedure. The oscillator is enabled by 
tying the CLK input to Vss' The oscillator is laser trimmed at 
the factory to give a conversion time of between 8.5 and 10 fLS. 
The mark/space ratio can vary from 40/60 to 60/40. Alterna- 
tively, an external ITL 
compatible clock may be applied to this 
input. The allowable mark/space ratio of an external clock is 
40/60 to 60/40. RCLK is a clock output, used for the serial in- 
te·rface. This output is derived directly from the ADC clock 
source and can be switched off at the end of conversion with the 
CONTROL 
input. 


ADC CONVERSION 
TIMING 
The conversion time for both external clock and continuous in- 
ternal clock can vary from 19 to 20 rising clock edges depending 
on the conversion start to ADC clock synchronization. 
If a con- 
version is initiated within 30 ns prior to a rising edge of the 
ADC clock, the conversion time will consist of 20 rising clock 
edges, i.e., 9.5 fLSconversion time. For noncontinuous 
internal 
clock, the conversion time is always 19 rising clock edges. 


ADC TRACK-AND-HOLD 
AMPLIFIER 
The track-and-hold 
amplifier on the analog input of the AD7868 
allows the ADC to accurately convert an input sine wave of 6 V 
peak-peak 
amplitude to 12-bit accuracy. The input impedance is 
typically 9 kO, an equivalent circuit is shown in Figure 1. The 
input bandwidth of the track/hold amplifier is much greater 
than the Nyquist rate of the ADC, even when the ADC is oper- 
ated at its maximum throughput 
rate. The 0.1 dB cut-off fre- 
quency occurs typically at 500 kHz. The track/hold amplifier 
acquires an input signal to 12-bit accuracy in less than 2 fLS. 


The overall throughput 
rate is equal to the conversion time plus 
the track/hold amplifier acquisition time. For a 2.0 MHz input 
clock the throughput 
time is 12 fLSmax. 


The operation of the track/hold amplifier is essentially transpar- 
ent to the user. The track/hold amplifier goes from its track 
mode to its hold mode at the start of conversion on the rising 
edge of CONVST. 


INTERNAL 
REFERENCES 
The AD7868 has two on-chip temperature 
compensated buried 
Zener references which are factory trimmed to 3 V ± 10 mY. 
One reference provides the appropriate biasing for the ADC, 
while the other is available as a reference for the DAC. Both 
reference outputs are available (labeled RO DAC and RO ADC) 
and are capable of providing up to 500 fLAto an external load. 


The DAC input reference (RI DAC) can be sourced externally 
or connected to any of the two on-chip references. Applications 
requiring good full-scale error matching between the DAC and 
the ADC should use the ADC reference as shown in Figure 4. 


The maximum recommended capacitance on either of the refer- 
ence output pins for normal operation is 50 pF. If either of the 
reference outputs is required to drive a capacitive load greater 
than 50 pF, then a 200 0 resistor must be placed in series with 
the capacitive load. The addition of decoupling capacitors, 
10 fLF in parallel with 0.1 fLF, as shown in Figure 2, improves 
noise performance. The improvement 
in noise performance can 
be seen from the graph in Figure 3. Note, this applies for the 
DAC output only; reference decoupling components do not af- 
fect ADC performance. 
So, a typical application will have just 
the DAC reference source decoupled with the other one open 
circuited. 


RODAC 
or 
ROADC' 


EXT LOAD 
GREATER THAN 50pF 
10~FPO'1~F 


DAC OUTPUT 
AMPLIFIER 
The output from the voltage-mode DAC is buffered by a nonin- 
verting amplifier. The buffer amplifier is capable of developing 
±3 V across 2 kO and 100 pF load to ground and can produce 
6 V peak-to-peak sine wave signals to a frequency of 20 kHz. 
The output is updated on the falling edge of the LDAC input. 
The output voltage settling time, to within 1/2 LSB of its fmal 
value, is typically less than 2 fLS. 


The small signal (200 mV p-p) bandwidth of the output buffer 
amplifier is typically I MHz. The output noise from the ampli- 
fier is low with a figure of 30 nV/y'Hz 
at a frequency of I kHz. 
The broadband noise from the amplifier exhibits a typical peak- 
to-peak figure of ISO fLVfor a I MHz output bandwidth. 
Figure 
3 shows a typical plot of noise spectral density versus frequency 
for the output buffer amplifier and for either of the on-chip 
references. 


T,,= +25°C 
Voo = +5V 
Vss = -5V 
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Figure 3. Noise Spectral Density vs. Frequency 


INPUTIOUTPUT 
TRANSFER 
FUNCTIONS 
A bipolar circuit for the AD7868 is shown in Figure 4. The 
analog input/output 
voltage range of the AD7868 is ±3 V. The 
designed code transitions for the ADC occur midway between 
successive integer LSB values (i.e., 1/2 LSB, 3/2 LSB, 5/2 
LSB ... 
FS - 3/2 LSBs). The input/output 
code is 2s comple- 
ment binary with I LSB = FS/4096 
= 1.46 mY. The ideal 
transfer function is shown in Figure 5. 


Figure 4. AD7868 Basic Bipolar Operation Using RO ADC 
as a Reference Input for the DAC 


OUTPUT 
CODE 


011 ...111 
fi 
011.110 
:, 


::::~~FS~ 


:.:.: 
~ 
~-'LSB 


111 ...110 
1 
FS = 6V 
::r 
1LSB=~ 
100 00' 
~ 
100 
000 


OFFSET 
AND FULL-SCALE 
ADJUSTMENT 
In most digital signal processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale errors do not cause problems as long as 


the input signal is within the full dynamic range of the ADC. 
For applications which require that the input signal range match 
the full analog input dynamic range of the ADC, offset and full- 
scale errors have to be adjusted to zero . 


ADC ADJUSTMENT 
Figure 6 has signal conditioning at the input and output of the 
AD7868 for trimming the end points of the transfer functions of 
both the ADC and the DAC. Offset error must be adjusted be- 
fore full-scale error. For the ADC, this is achieved by trimming 
the offset of Al while the input voltage, VI, is 1/2 LSB below 
ground. The trim procedure is as follows: apply a voltage of 
-0.73 
mV (-1/2 
LSB) 
at VI in Figure 6 and adjust the offset 
voltage of Al until the ADC output code flickers between 1111 
1111 1111 (FFF HEX) andסס ooסס ooסס oo (000 HEX). 


ADC gain error can be adjusted at either the first code transi- 
tion (ADC negative full scale) or the last code transition (ADC 
positive full scale). The trim procedures for both cases are as 
follows (see Figure 6). 


ADC Positive Full-Scale 
Adjustment 
Apply a voltage of 2.9978 V (FS/2 
- 
3/2 LSBs) at VI. Adjust 
R2 until the ADC output code flickers between 0III 
1111 1110 


(7FE HEX) and 0111 1111 1111 (7FF HEX). 


ADC Negative Full-Scale 
Adjustment 
Apply a voltage of -2.9993 
V (-FS/2 
+ 1/2 LSB) at VI and 
adjust R2 until the ADC output code flickers between 1000 
0000סס oo (800 HEX) and 1000 0000 0001 (801 HEX). 


DAC ADJUSTMENT 
Op amp A2 is included in Figure 6 for the DAC transfer func- 
tion adjustment. 
Again offset must be adjusted before full scale. 


To adjust offset: load the DAC with 0000 0000 0000 (000 HEX) 
and trim the offset of A2 to 0 V. As with the ADC adjustment, 
gain error can be adjusted at either the first code transition 
• 


(DAC negative full scale) or the last code transition (DAC posi- 
: 
tive full scale). The trim procedures for both cases are as 
follows: 


DAC Positive Full-Scale Adjustment 
Load the DAC with Dill 
1111 1111 (7FF HEX) and adjust R7 


until the op amp output voltage is equal to 2.9985 V, (FS/2 
- 
I LSB). 


DAC Negative Full-Scale Adjustment 
Load the DAC with 1000 0000 0000 (800 HEX) and adjust R7 
until the op amp output voltage is equal to 3.0 V (- FS/2). 
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pins. These consisl of separate serial clocks, word framing or 
strobe pulses and data signals for both receiving and transmit- 
ting data. Conversion starts and DAC updating are controlled by 
two digital inputs; CONVST and LDAC. These inputs can be 
asserted independently 
of the microprocessor by an external 
timer when precise sampling intervals are required. Alterna- 
tively, the LDAC and CONVST can be driven from a decoded 
address bus allowing the microprocessor control over conversion 
start and DAC updating as well as data communication 
to the 
AD7868. 


ADC Timing 
Conversion control is provided by the CONVST input. A low to 
high transition on CONVST input starts conversion and drives 
the track/hold amplifier into its hold mode. Serial data then be- 
comes available while conversion is in progress. The correspond- 
ing timing diagram is shown in Figure 7. The word length is 16 
bits; 4 leading zeros, followed by the 12-bit conversion result 
starting with the MSB. The data is synchronized to the serial 
clock output (RCLK) and is framed by the serial strobe (RFS). 
Data is clocked out on a low to high transition of the serial 
clock and is valid on the falling edge of this clock while the RFS 
output is low. RFS goes low at the start of conversion and the 
first serial data bit (which is the first leading zero) is valid on 
the first falling edge of RCLK. All the ADC serial lines are 
open-drain outputs and require external pull-up resistors. 


The serial clock out is derived from the ADC master clock 
source which may be internal or external. Normally, RCLK i_ 
required during the serial transmission only. In these cases it 
can be shut down (i.e., placed into high impedance) at the end 
of conversion to allow multiple ADCs to share a common serial 
bus. However, some serial systems (e.g., TMS32020) require a 
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RCLK is noncontinuous 
and when it is at - 5 V, RCLK is 
continuous. 


DAC Timing 
The AD7868 DAC contains two latches, an input latch and a 
DAC latch. Data must be loaded to the input latch under the 
control of the TCLK, 
TFS and DT serial logic inputs. Data is 
then transferred from the input latch to the DAC latch under 
the control of the LDAC signal. Only the data in the DAC latch 
determines the analog output of the AD7868. 


Data is loaded to the input latch under control of TCLK, 
TFS 
and DT. The AD7868 DAC expects a 16-bit stream of serial 
data on its DT input. Data must be valid on the falling edge of 
TCLK. 
The TFS input provides the frame synchronization 
sig- 
nal which tells the AD7868 DAC that valid serial data will be 
available for the next 16 falling edges of TCLK. 
Figure 8 shows 
the timing diagram for the serial data format. 


Although 16 bits of data are clocked into the input latch, only 
12 bits are transferred into the DAC latch. Therefore, 
4 bits in 
the stream are don't cares since their value does not affect the 
DAC latch data. The bit positions are 4 don't cares followed by 
the 12-bit DAC data starting with the MSB. 


The LDAC signal controls the transfer of data to the DAC 
latch. Normally, data is loaded to the DAC latch on the falling 
edge of LDAC. However, if LDAC is held low, then serial data 
is loaded to the DAC latch on the sixteenth falling edge of 
TCLK. 
If LDAC goes low during the loading of serial data to 
the input latch, no DAC latch update takes place on the falling 
edge of LDAC. If LDAC stays low until the serial transfer is 
completed, then the update takes place on the sixteenth falling 
edge of TCLK. 
If LDAC returns high before the serial data 
transfer is completed, no DAC latch update takes place. 


NOTES 


1EXTERNAL 4.7kQ PULL-UP RESISTOR 
'EXTERNAL 
2kn PULL-UP RESISTOR 
'CONTINUOUS 
RCLK (DASHED LINE) WHEN THE CONTROL INPUT = - SV AND 
NONCONTINUOUS 
WHEN THE CONTROL INPUT = OV 


-lL-r----tr- 
,:~ 


DON'T 
DON'T 
DON'T 
DON'T 
~ 
QT 
CARE 
CARE 
CARE 
CARE 
D811 
D810 
~---- 


mance specifications as well as traditional dc specifications such 
as integral and differential nonlinearity. 
These ac specifications 
are required for signal processing applications such as speech 
recognition, spectrum analysis, and high-speed modems. These 
applications require information on the converter's effect on the 
spectral content of the input signal. Hence, the parameters for 
which the AD7868 is specified include SNR, harmonic distor- 
tion and peak harmonics. These terms are discussed in more 
detail in the following sections. 


Signal-to-Noise 
Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
ADC or DAC. The signal is the rms magnitude of the funda- 
mental. Noise is the rms sum of all the nonfundamental 
signals 
up to half the sampling frequency (fs/2) excluding dc. SNR is 
dependent upon the number of levels used in the quantization 
process; the more levels, the smaller the quantization 
noise. The 
theoretical signal-to-noise ratio for a sine wave input is given by 


SNR 
= (6.02N + 1.76) dB 
(I) 


where N is the number of bits. Thus for an ideal 12-bit con- 
verter, SNR = 74 dB. 


Effective Number 
of Bits 
The formula given in Equation I relates the SNR to the number 
of bits. Rewriting the formula, as in Equation 2, it is possible to 
get a measure of performance expressed in effective number of 
bits (N). 


SNR 
- 1.76 
N = 
6.02 
. . . . . . . . . . . . . . . . . . . . . . . . (2) 


The effective number of bits for a device can be calculated di- 
rectly from its measured SNR. 


Harmonic 
Distortion 
Harmonic distortion is the ratio of the rms sum of harmonics to 
the fundllmental. 
For the AD7868, total harmonic distortion 
(THD) is defmed as: 


Vv 2+ V 2+ V 2+ V 2+ V 2 
THD 
=20 log 
2 
3 
4 
5 
6 
VI 


where VI is the rms amplitude of the fundamental and V2' V3' 
V4' V5 and V6 are the rms amplitudes of the second through to 
the sixth harmonic. The THD is also derived from the FFT 
plot of the ADC or DAC output spectrum. 


ADC Testing 
The output spectrum from the ADC is evaluated by applying a 
sinewave signal of very low distortion to the VIN input which is 
sampled at an 83 kHz sampling rate. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be ob- 
tained. Figure 9 shows a typical 2048 point FFT plot of the 
AD7868BQ ADC with an input signal of 10 kHz and a sampling 
frequency of 83 kHz. The SNR obtained from this graph is 
73 dB. It should be noted that the harmonics are taken into ac- 
count when calculating the SNR. 
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83 kHz. The effective number of bits typically falls between 
11.7 and 11.85 corresponding 
to SNR figures of 72.2 and 
73.1 dB. 
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Figure 10. Effective Number of Bits vs. Frequency for the 
ADC 


DAC Testing 
A simplified diagram of the method used to test the dynamic 
performance specifications of the DAC is outlined in Figure 11. 
Data is loaded to the DAC under control of the microcontroller 
and associated logic. The output of the DAC is applied to a 9th 
order low-pass fIlter whose cut-off frequency corresponds to the 
Nyquist limit. The output of the filter is in turn applied to a 
16-bit accurate digitizer. This digitizes the signal and the micro- 
controller generates an FFT plot from which the dynamic per- 
formance of the DAC can be evaluated. 


Figure 11. AD7868 DAC Dynamic Performance 
Test 
Circuit 


The digitizer sampling is synchronized with the DAC update 
rate to ease FFT calculations. The digitizer samples the DAC 
output after the output has settled to its new value. Therefore, 
if the digitizer were to sample the output directly it would 
effectively be sampling a dc value each time. As a result, the 
dynamic performance of the DAC would not be measured cor- 
rectly. Using the digitizer directly on the DAC output would 
give better results than the actual performance of the DAC. Us- 
ing a ftIter between the DAC and the digitizer means that the 
digitizer samples a continuously moving signal and the true dy- 
namic performance of the AD7868 DAC output is measured. 


Figure 12 shows a typical 2048 point Fast Fourier Transform 
plot for the AD7868 DAC with an update rate of 83 kHz and an 
output frequency of 1 kHz. The SNR obtained from the graph 
is 73 dBs. 


Some applications will require improved performance versus 
frequency from the AD7868 DAC. In these applications, a sim- 
ple sample-and-hold 
circuit such as that outlined in Figure 13 
will extend the very good performance of the DAC to 20 kHz. 
Other applications will already have an inherent sample-and- 
hold function following the AD7868 DAC output. An example 
of this type of application is driving a switched-capacitor 
filter 
where the updating of the DAC is synchronized with the 
switched-capacitor 
filter. This inherent sample-and-hold 
func- 
tion also extends the frequency range performance. 


Performance 
versus Frequency 
The typical performance plots of Figures 14 and 15 show the 
AD7868's DAC performance over a wide range of input fre- 
quencies at an update rate of 83 kHz. The plot of Figure 14 is 
without a sample-and-hold 
on the DAC output while the plot of 
Figure 15 is generated with a sample-and-hold 
on the output. 


TA = +25~ 


Figure 14. DAC Performance 
V5. Frequency (No Sample- 
and-Hold) 
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Figure 15. DAC Performance 
vs. Frequency (Sample-and- 
Hold) 


MICROPROCESSOR 
INTERFACING 
Microprocessor interfacing to the AD7868 is via a serial bus that 
uses standard protocol compatible with DSP machines. The 
communication 
interface consists of separate transmit (DAC) 
and receive (ADC) sections whose operations can be either syn- 
chronous or asynchronous with respect to each other. Each sec- 
tion has a clock signal, a data signal and a frame or strobe pulse. 
Synchronous operation means that data is transmitted 
from the 
ADC and to the DAC at the same time. In this mode only one 
interface clock is needed and this has to be the ADC clock out, 
so RCLK must be connected to TCLK. 
For asynchronous oper- 
ation, DAC and ADC data transfers are independent 
of each 
other, the ADC provides the receive clock (RCLK) while the 
transmit clock (TCLK) may be provided by the processor or the 
ADC or some other external clock source. 


Another option to be considered with serial interfacing is the use 
of a gated clock. A gated clock means that the device that is 
sending the data switches on the clock when data is ready to be 
transmitted 
and three states the clock output when transmission 
is complete. Only 16 clock pulses are transmitted 
with the first 
data bit getting latched into the receiving device on the first fall- 
ing clock Cdge. Ideally, there is no need for frame pulses, how- 
ever, the AD7868 DAC frame input (TFS) has to be driven 
high between data transmissions. 
The easiest method is to use 
RFS to drive TFS and use only synchronous interfacing. This 
avoids the use of interconnects 
between the processor and 
AD7868 frame signals. Not all processors have a gated clock 
facility, Figure 16 shows an example with the DSP56000. 


Table I below shows the number of interconnect 
lines between 
the processor and the AD7868 for the different interfacing 
options. The AD7868 has the facility to use different clocks for 
transmitting 
and receiving data. This option, however, only 
exists on some processors and normally just one clock (ADC 
clock) is used for all communication 
with the AD7868. For sim- 
plicity, all the interface examples in this data sheet use synchro- 
nous interfacing and use the ADC clock (RCLK) as an input for 
the DAC clock (TCLK). 
For a better understanding 
of each of 
these interfaces, consult the relevant processor data sheet. 


No. of 
Configuration 
Interconnects 
Signals 


Synchronous 
4 
RCLK, DR, DT and RFS 
(TCLK 
= RCLK, TFS = RFS) 


Asynchronous· 
5 or 6 
RCLK,DR,RFS,DT,TFS 
(TCLK 
= RCLK or 


f.Lp serial CLK) 


Synchronous 
3 
RCLK, DR and DT 
Gated Clock 
(TCLK 
= RCLK, TFS = RFS) 


Table I. Interconnect Lines for Different Interfacing 
Options 


AD7868 - DSP56000 Interface 
Figure 16 shows a typical interface between the AD7868 and 
DSP56000. The interface arrangement is synchronous with a 
gated clock requiring only three lines of interconnect. 
The 


DSP56000 internal serial control registers have to be configured 
for a 16-bit data word with valid data on the first falling clock 
edge. Conversion starts and DAC updating are controlled by 
an external timer. Data transfers, which occur during ADC con- 
versions, are between the processor receive and transmit shift 
registers and the AD7868's ADC and DAC. At the end of each 
16-bit transfer the DSP56000 receives an internal interrupt 
indicating the transmit register is empty and the receive register 
is full. 


AD7868 - ADSP·2101/ADSP·2102 
Interface 
An interface which is suitable for the ADSP-2101 or the ADSP- 
2102 is shown in Figure 17. The interface is configured for syn- 
.' 
chronous, continuous clock operation. The LDAC is tied low so 
the DAC gets updated on the sixteenth falling clock after TFS 
goes low. Alternatively LDAC may be driven from a timer as 
shown in Figure 16. As with the previous interface the processor 
receives an interrupt 
after reading or writing to the AD7868 and 
updates its own internal registers in preparation 
for the next 
data transfer. 


CONTROL 
-sv 


ADSP-2101/ 
+5V 
ADSP-2102 
AD7868" 


4.7kO 
2kfl 
4.7kn 


RFS 
RFS 


selK 
RClK 


DR 
DR 


TFS 
TFS 


TClK 


DT 
DT 


AD7868 - TMS32020rrMS320C25 
Interface 
Figure 18 shows an interface which is suitable for the 
TMS32020rrMS32OC25 
processors. This interface is configured 
for synchronous, 
continuous clock operation. Note, the AD7868 


will not interface correctly to these processors if the AD7868 is 
configured for a noncontinuous 
clock. Conversion starts and 
DAC updating are controlled by an external timer. 


-5V 
CONTROL 


TMS32020 
TMS320C25 
+5V 
AD7868' 


4.7ku 
2k1l 
4.71c.U 
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ClKX 
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APPLICATION 
HINTS 
Good printed circuit board (PCB) layout is as important as the 
circuit design itself in achieving high speed ND performance. 
The AD7868's comparator is required to make bit decisions on 
an LSB size of 1.465 mY. To achieve this, the designer has to 
be conscious of noise both in the ADC itself and in the preced- 
ing analog circuitry. Switching mode power supplies are not 
recommended. as the switching spikes will feed through to the 
comparator causing noisy code transitions. Other causes of con- 
cern are ground loops and digital feedthrough from microproces- 
sors. These are factors which influence any ADC, and a proper 
PCB layout which minimizes these effects is essential for best 
performance. 


LAYOUT 
HINTS 
Ensure that the layout for the printed circuit board has the digi- 
tal and analog signal lines separated as much as possible. Take 
care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 


Establish a single point analog ground (star ground) separate 
from the logic system ground as close as possible to the AD7868 
AGND pins. Connect all other grounds and the AD7868 
DGND to this single analog ground point. Do not connect any 
other digital grounds to this analog ground point. 


Low impedance analog and digital power supply common re- 
turns are essential to low noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 


analog circuitry from digital noise. The circuit layout of Figures 
22 and 23 have both analog and digital ground planes which are 
kept separated and only joined together at the AD7868 AGND 
pins. 


NOISE 
Keep the input signal leads to VIN and signal return leads from 
AGND as short as possible to minimize input noise coupling. In 
applications where this is not possible, use a shielded cable be- 
tween the source and the ADC. Reduce the ground circuit im- 
pedance as much as possible since any potential difference in 
grounds between the signal source and the ADC appears as an 
error voltage in series with the input signal. 


INPUT/OUTPUT 
BOARD 
Figure 19 shows an analog I/O board based on the AD7868. 
The corresponding 
printed circuit board (PCB) layout and silk- 
screen are shown in Figures 21 to 23. 


The analog input to the AD7868 is buffered with an AD711 
op amp. There is a component grid provided near the analog 
input on the PCB which may be used for an antialiasing fIlter 
for the ADC or a reconstruction 
filter for the DAC or any other 
conditioning circuitry. To facilitate this option, there are two 
wire links (labeled LKI and LK2) required on the analog input 
and output tracks. 


The board contains a SHA circuit which can be used on the 
output of the AD7868 DAC to extend the very good perfor- 
mance of the part over a wider frequency range. The increased 
performance from the SHA can be seen in Figures 14 and IS of 
this data sheet. A wire link (labeled LK3) connects the board 
output to either the SHA output or directly to the AD7868 
DAC output. 


There are three LDAC link options on the board; WAC can be 
driven from an external source independent 
of CONVST, 


LDAC can be tied to CONVST or LDAC can be tied to GND. 
Choosing the latter option of tying LDAC to GND disables the 
SHA operation, and places the SHA permanently 
in the track 
mode. 


Microprocessor connections to the board are made by a 9-way 
D-type connector. The pinout is.shown in Figure 20. The 
ADC's digital outputs are buffered with 74HC4050s. These 
buffers provide a higher current output capability for high ca- 
pacitance loads or cables. Normally, these buffers are not re- 
quired as the AD7868 will be sitting on the same board as the 
processor. 


POWER SUPPLY 
CONNECTIONS 
The PCB requires two analog power supplies and one 5 V digi- 
tal supply. Connections to the analog supply are made directly 
to the PCB as shown on the silkscreen in Figure 21. The con- 
nections are labeled V+ and V- and the range for both of these 
supplies is 12 V to IS V. Connections to the 5 V digital supply 
are made through the D-type connector SKT6. The ±5 V ana- 
log supply required by the AD7868 are generated from two 
voltage regulators on the V+ and V-supplies. 
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WIRE LINK 
OPTIONS 
LKI, 
Analog Input Link 
LKI connects the analog input to a component grid or to a 
buffer amplifier which drives the ADC input, 


LK2, Analog Output Link 
LK2 connects the analog output to the component grid or to 
either the SHA or DAC output (see LK3). 


LK3, SHA or DAC Select 
The analog output may be taken directly from the DAC or from 
a SHA at the output of the DAC. 


LK4, DAC Reference 
Selection 
The DAC reference may be connected to either the ADC refer- 
ence output (RO ADC) or to the DAC reference (RO DAC). 


LKS, ADC Internal 
Clock Selection 
This link configures the ADC for continuous or noncontinuous 
internal clock operation. 


LK6, DAC Updating 
The DAC, I:l5AC input may asserted independently 
of the 
ADC CONVST signal or it may be tied to CONVST or it may 
tied to GND. 


LK7, ADC Clock Source 
This link provides the option for the ADC to use its own inter- 
nal clock oscillator or an external TTL compatible clock. 


LK8 Frame Synchronous 
Option 
LK8 provides the option of tying the ADC RFS output to the 
DAC TFS input. 


LK9 TransmitlReceive 
Clock Option 
LK9 provides the option to connect the ADC RCLK to the 
DACTCLK. 


COMPONENT 
LIST 
ICI 
IC2,IC3 
IC4, 
IC5, 
IC6, 
IC7, 
IC8, 


CI, C3, C5, C7 
C9, Cll, 
Cl3, CIS 
C17, C19, C23 


C2,C4,C6,C8 
CIO, C12, C14, CI6 
C18, C20, C24 
C21 
C22 


RI, R2, R4 
R3, R5 


R6 
R7 


AD7868 
2X AD711 
ADG20lHS 
MC78L05 
MC79L05 
74HC4050 
74HC22I 


330 pF Capacitor 
68 pF Capacitor 


2 kG Resistor 
4.7 kG Resistor 


IS kG Resistor 
200 G Resistor 


LKI, 
LK2, LK3, 
LK4, LK5, LK6, 
LK7, LK8 
Shorting Plugs 
LK9 
SKTl, 
SKT2, SKT3, 
SKT4, SKT5 
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FEATURES 
Complete 14-Bit 110 System, Comprising 
14-Bit ADC with Track/Hold Amplifier 
83 kHz Throughput Rate 
14·Bit DAC with Output Amplifier 
3.5 Il.S Settling Time 
On-Chip Voltage Reference 
Operates from ±5 V Supplies 
Low Power - 
130 mW typ 
Small 0.3" Wide DIP 


APPLICATIONS 
Digital Signal Processing 
Speech Recognition and Synthesis 
Spectrum Analysis 
High Speed Modems 
DSP Servo Control 


GENERAL DESCRIPTION 
The AD7869 is a complete 14-bit I/O system containing a DAC 
and an ADC. The ADC is a successive approximation type with 
a track-and-hold 
amplifier having a combined throughput 
rate of 
83 kHz. The DAC has an output buffer amplifier with a settling 
time of 4 f.LS to 14 bits. Temperature 
compensated 3 V buried 
Zener references provide precision references for the DAC and 
ADC. 


Interfacing to both the DAC and ADC is serial, minimizing pin 
count and giving a small 24-pin package size. Standard control 
signals allow serial interfacing to most DSP machines. 


Asynchronous ADC conversion control and DAC updating is 
made possible with the CONVST and LDAC logic inputs. 


The AD7869 operates form ± 5 V power supplies, the analog 
input/output 
range of the ADClDAC is ±3 V. The part is fully 
specified for dynamic parameters such as signal-to-noise ratio 
and harmonic distortion as well as traditional dc specifications. 


The part is available in a 24-pin, 0.3 inch wide, plastic or her- 
metic dual-in-line package (DIP) and in a 28-pin, plastic SOlC 
package. 


lC2MOS 
Complete, 14-Bit Analog I/O System 


AD7869 
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TCLK 
Dr 
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ifi'S 


RCLK 


DR 


PRODUCT HIGHLIGHTS 
I. Complete 14-Bit I/O System. 
The AD7869 contains a 14-bit ADC with a track-and-hold 
amplifier and a 14-bit DAC with output amplifier. Also in- 
cluded are separate on-chip voltage references for the DAC 
and the ADC. 


2. Dynamic Specifications for DSP Users. 
In addition to traditional dc specifications, the AD7869 is 
specified for ac parameters including signal-to-noise ratio and 
harmonic distortion. These parameters along with important 
timing parameters are tested on every device. 


3. Small Package. 
The AD7869 is available in a 24-pin DIP and a 28-pin SOlC 
package. 
• 


Parameter 
J Version' 
A Version' 
Units 
Test 
Conditions/Comments 


DYNAMIC 
PERFORMANCE> 


Signal-to-Noise 
Ratio" 
4 (SNR) 
@ +25°C 
78 
78 
dB lnin 
VtN = 10 kHz Sine Wave, 
fSAMPLE = 83 kHz 
Tmin to Tmax 
78 
77 
dB lnin 


Total 
Harmonic 
Distortion 
(THD) 
-86 
-86 
dBtyp 
VtN = 10 kHz 
Sine Wave, 
fSAMPLE = 83 kHz 
Peak Harmonic 
or Spurious 
Noise 
-86 
-86 
dBtyp 
VtN = 10 kHz Sine Wave, 
fSAMPLE = 83 kHz 
Intennodulation 
Distortion 
(IMD) 


Second Order 
Tenns 
-86 
-86 
dBtyp 
fa = 9 kHz, 
fb = 9.5 kHz, 
fSAMPLE = 50 kHz 
Third 
Order 
Tenns 
-88 
-88 
dB typ 
fa = 9 kHz, 
fb = 9.5 kHz, 
fSAMPLE = 50 kHz 
Track/Hold 
Acquisition 
Time 
2 
2 
IJoSmax 


DC ACCURACY 
Resolution 
14 
14 
Bits 
Minimum 
Resolution 
for Which 
No Missing 
Codes Are Guaranteed 
14 
14 
Bits 


Integral 
Nonlinearity 
±2 
±2 
LSB max 
Differential 
Nonlinearity 
±I 
±I 
LSB max 
Bipolar 
Zero Error 
±20 
±20 
LSB max 
Positive 
Gain Error' 
±20 
±20 
LSB max 
Negative 
Gain Error' 
±20 
±20 
LSB max 


ANALOG 
INPUT 
Input 
Voltage Range 
±3 
±3 
Volts 
Input 
Current 
±I 
±I 
mAmax 


REFERENCE 
OUTPUT' 


RO ADC @ + 25°C 
2.99/3.01 
2.99/3.01 
V mini V max 
ROADCTC 
±25 
±25 
ppmfC 
typ 
±40 
±ppmfC 
max 
Reference 
Load 
Sensitivity 


(liRO 
ADC vs. iiI) 
-1.5 
-I.S 
mVmax 
Reference 
Load Current 
Change 
({}-SOOIJoA), 
Reference 
Load 
Should 
Not Be Changed 
During 
Conversion 


LOGIC 
INPUTS 


(CONVST, 
CLK, 
CONTROL) 


Input 
High Voltage, 
VtNH 
2.4 
2.4 
V min 
Voo 
= S V ± 5% 
Input 
Low Voltage, 
V'NL 
0.8 
0.8 
Vmax 
Voo 
= S V ± S% 
Input 
Current, 
IIN 
±1O 
±1O 
IJoAmax 
VtN=OVtoVon 
Inpul 
Current] 
(CONTROL 
& CLK) 
±IO 
±IO 
~max 
VtN = Vss to DGND 
Input 
Capacitance, 
C1N" 
10 
10 
pF max 


LOGIC 
OUTPUTS 
DR, 
RFS Outputs 
Output 
Low Voltage, 
VOL 
0.4 
0.4 
Vmax 
IS1NK = 1.6 mA, Pull-Up 
Resistor 
= 4.7 kO 
RCLK 
Output 
Ou~ 
Low Voltage, 
VOL 
0.4 
0.4 
Vmax 
IStNK = 2.6 mA, Pull-Up 
Resistor 
= 2 kO 
DR, 
RFS, 
RCLK 
Outputs 
Floating-State 
Leakage 
Current 
±IO 
±IO 
~max 
Floating-State 
Output 
Capacitance" 
IS 
IS 
pF max 


CONVERSION 
TIME 
External 
Clock 
10 
10 
IJoSmax 
Internal 
Clock 
10 
10 
IJoSmax 
The Internal 
Clock Has a Nominal 
Value of 2.0 MHz 


POWER 
REQUIREMENTS 
For Both DAC and ADC 
Vnn 
+S 
+S 
V nom 
± S% for Specified 
Performance 
Vss 
-S 
-S 
V nom 
± S% for Specified 
Performance 
Inn 
22 
22 
mAmax 
Cumulative 
Current 
from the Two Vnn Pins 
Iss 
12 
12 
mAmax 
Cumulative 
Current 
from the Two Vss Pins 
Total 
Power 
Dissipation 
170 
170 
mWmax 
Typically 
130 mW 


NOTES 
ITemperaturc 
ranges 
are as follows: 
J Version, 
OOCto +70°C; 
A Version, 
-40"<: 
to +85"<:. 


2V1N 
= ±3 V. 
3SNR 
calculation 
includes 
distortion 
and noise 
components. 


4SNR 
degradation 
due to asynchronous 
DAC 
updating 
during 
conversion 
is 0.1 dB typo 


sMeasured 
with respect 
to internal 
reference. 


6For ca".eir.i_ 
J<M<f. 
~rc:r 
lha.o 50 pF 
• $Cries resistor 
is required 
(see IntemaJ Reference section). 
7Tying the CONTROL 
input to V DO places the device in a factory (est mode where normal opention 
is not exhibited. 
'Sample 
tested 
@ +25"<: to ensure 
compliance. 


Specifications 
subject 
to change 
without 
notice. 


(VDD = +5 V :t: 5%, Vss = -5 
V :t: 5%, AGNO = OGNO = 0 V, RI OAC = +3 V and decoupled as shown in Fig- 
OAC SECTION ure 2, VOUT Load to AGNO; = 2 kG, Cl = 100 pF. All specifications 1m;. to 1m•• unless otherwise noted.) 


Parameter 
J Version' 
A Version' 
Units 
Test 
Conditions/Comments 


DYNAMIC 
PERFORMANCE2 


Signal-to-Noise 
Ratio' 
(SNR) 
@ +25·C 
78 
78 
dB min 
VOUT = I kHz Sine Wave, 
fSAMPLE= 83 kHz 
Tmin to Tmax 
78 
77 
dB min 
Typically 
82 dB at + 25·C for 0 <VouT<20 
kHz· 
Total 
Harmonic 
Distortion 
(THD) 
-86 
-86 
dB typ 
VOUT = I kHz 
Sine Wave, 
fSAMPLE = 83 kHz 
Typically 
-84 
dB at +25·C 
for 0 <VouT<20 
kHz· 
Peak Harmonic 
or Spurious 
Noise 
-86 
-86 
dB typ 
VOUT = I kHz, 
fSAMPLE = 83 kHz 
Typically 
-84 
dB at +25·C 
for 0 <VouT<20 
kHz· 


DC ACCURACY 
Resolution 
14 
14 
Bits 
Integral 
N onlineariry 
±2 
±2 
LSB max 
Differential 
Nonlinearity 
±I 
±I 
LSB max 
Guaranteed 
Monotonic 
Bipolar 
Zero Error 
±1O 
±1O 
LSB max 
Positive 
Full-Scale 
Errors 
±IO 
±1O 
LSB max 
Negative 
Full-Scale 
Error' 
±IO 
±IO 
LSB max 


REFERENCE 
OUTPUT" 
RO DAC @ + 25·C 
2.99/3.01 
2.99/3.01 
V minIV max 
RO DACTC 
±25 
±25 
ppmJOC typ 
±40 
ppm/·C 
max 
Reference 
Load Change 


(6RO 
DAC vs. 61) 
-1.5 
-1.5 
mVmax 
Reference 
Load Current 
Change 
(0-500 
•.•.A) 


REFERENCE 
INPUT 
RI DAC Input 
Range 
2.85/3.15 
2.85/3.15 
V minIV max 
3 V ±5% 


Input 
Current 
I 
I 
•.•.Amax 


LOGIC 
INPUTS 


(LDAC, 
TFS, 
TCLK, 
DT) 


Input 
High Voltage, 
V1NH 
2.4 
2.4 
Vmin 
Voo = 5 V ±5% 


Input 
Low Voltage, 
V'NL 
0.8 
0.8 
V max 
Voo = 5 V ±5% 


Input 
Current, 
I'N 
±10 
±10 
•.•.Amax 
V1N = OVtoVoo 
Input 
Capacitance, 
C1N 


7 
10 
10 
pF max 


ANALOG 
OUTPUT 
Output 
Voltage Range 
±3 
±3 
V nom 
DC Output 
Impedance 
0.3 
0.3 
n typ 
Short-Circuit 
Current 
20 
20 
mAtyp 


AC CHARACTERISTICS7 


Voltage Output 
Settling-Time 
Settling 
Time 
to Within 
± 1/2 LSB of Final Value 
Positive 
Full-Scale 
Change 
4 
4 
•.•.S max 
Typically 
3 •.•.s 
Negative 
Full-Scale 
Change 
4 
4 
•.•.S max 
Typically 
3.5 •.•.s 
Digital-to-Analog 
Glitch 
Impulse 
10 
10 
nV secs typ 
DAC Code Change 
All Is to All Os 
Digital 
Feedthrough 
2 
2 
nV secs typ 
VIN to VOUT Isolation 
100 
100 
dB typ 
V1N = ±3 V, 41.5 kHz Sine Wave 


POWER 
REQUIREMENTS 
As per ADC Section 
• 


NOTES 
ITemperarure ranges are as follows: J Version, O°Cto +700<:; A Version, -40°C to +85OC. 
'VOUT (P-p) = :3 V. 
3SNR calculation includes distornoD and noise components. 
'Using external sample and hold, see Figures 13 to 15. 
'Measured with respect to REF IN and includes bipolar offset error. 
6For capacitive loads greater than 50 pF a series resistor is required (see Internal Reference section). 
7Sample tested @ +25°C to ensure compliance. 
Specifications subject to change without notice. 


AD7869- 
TIMING CHARACTERISTICS1, 2 
(Yoo= +5 V ± 5%, Vss = -5 
V ±5%, 
AGND = DGND = 0 V) 


Limit at T •••••, T mas 
Parameter 
(All Versions) 
Units 
Conditions/Comments 


ADCTIMING 
t, 
SO 
ns min 
CONVST Pulse Width 
t 3 
440 
ns min 
RCLK Cycle Time, Internal Clock 
2 
t3 
100 
ns min 
RFS to RCLK Falling Edge Setup Time 


t. 
20 
ns min 
RCLK Rising Edge to RFS 
100 
ns max 


t" 
155 
ns max 
RCLK to Valid Data Delay, CL = 35 pF 


~ 
4 
ns min 
Bus Relinquish Time after RCLK 
100 
ns max 


t13s 
2 RCLK + 200 to 
nsryp 
CONVST to RFS Delay 


3 RCLK + 200 


DACTIMING 
t7 
SO 
ns min 
TFS to TCLK Falling Edge 


t. 
75 
ns min 
TCLK Falling Edge to TFS 
~. 
ISO 
ns min 
TCLK Cycle Time 
tlO 
30 
ns min 
Data Valid to TCLK Setup Time 
tll 
75 
ns min 
Data Valid to TCLK Hold Time 
t12 
40 
ns min 
LDAC Pulse Width 


NOTES 
'Timing specifications are sample tested at +25"<::to ensure compliance. All input signals are specified with tr = If = 5 ns (10% to 90% of 5 V) and timed from 
a voltage level of 1.6 V. 
'Serial timing is measured with a 4.7 k!l pull-up resistor on DR and RFS and a 2 k!l pull-up resistor on RCLK. The capacitance on all three outputs is 35 pF. 
'When using internal clock, RCLK mark/space ratio (measured form a voltage level of 1.6 V) range is 40/60 to 60/40. 
For external clock, RCLK mark/space 
ratio = external clock mark/space ratio. 
'DR will drive higher capacitance loads but this will add to t, since it increases the e~ternal RC time constant (4.7 knl/CL) 
and hence the time to reach 2.4 V. 
'Time 2 RCLK to 3 RCLK depends on conversion start to ADC clock synchronization. 
6'fCLK mark/space ratio is 40/60 to 60/40. 


ABSOLUTE 
MAXIMUM 
RATINGS· 


(T A = + 25'C unless otherwise noted) 
Voo to AGND 
-0.3 
V to +7 V 


Vss to AGND 
+0.3 V to -7 V 
AGND to DGND 
-0.3 
V to Voo+O.3 
V 


VOUT to AGND 
Vss to V00 


V1N to AGND 
Vss -0.3 
V to Voo+0.3 
V 
RO ADC to AGND 
-0.3 
V to Voo+O.3 
V 
RO DAC to AGND 
-0.3 
V to Voo+O.3 
V 
RI DAC to AGND 
-0.3 
V to Voo+0.3 
V 
Digital Inputs to DGND 
-0.3 
V to Voo+O.3 
V 
Digital Outputs to DGND 
-0.3 
V to Voo+O.3 
V 


Operating Temperature 
Range 
J Version 
O°Cto +70°C 
A Version 
-40°C to +85°C 
Storage Temperature 
Range 
-65°C to + 150°C 
Lead Temperature 
(Soldering, 10 secs) 
+ 300°C 
Power Dissipation (Any Package) to +75°C 
1000 mW 
Derates above +75°C by 
10 mWrC 


*Stresses 
above 
those 
listed 
under 
UAbsolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
This 
is a stress 
rating 
only 
and functional 
operation 
of the device 
at these 
or any other conditions 
above 
those 
listed 
in 
the 
operational 
sections 
of this 
specification 
is not 
implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 


reliability. 


CAUTION 
_ 


ESD (electrostatic 
discharge) sensitive device. The digital control inputs are diode protected; 


however, permanent 
damage may occur on unconnected 
devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


Signal- 
Temperature 
to-Noise 
Relative 
Package 
Model 
Range 
Ratio (SNR) 
Accuracy 
Option· 


AD7869JN 
OOCto +70°C 
78 dB 
±2 LSB max 
N-24 
AD7869JR 
O°Cto +70°C 
78 dB 
+2 LSB max 
R-28 
AD7869AQ 
-40°C to +85°C 
77 dB 
±2 LSB max 
Q-24 


POWER SUPPLY 
7 & 23 
VDD 
Positive Power Supply, 5 V :!: 5%. Both VDD pins must be tied together. 


10 & 22 
Vss 
Negative Power Supply, -5 V :!: 5%. Both Vss pins must be tied together. 


8 & 19 
AGND 
Analog Ground. Both AGND pins must be tied together. 


6 & 17 
DGND 
Digital Ground. Both DGND pins must be tied together. 


ANALOG SIGNAL AND REFERENCE 
21 
V1N 
ADC Analog Input. The ADC input range is :!:3 V. 
9 
VOUT 
Analog Output Voltage from DAC. This output comes from a buffer amplifier. The range is bipolar, :!:3V with RI 
DAC=+3V. 
Voltage Reference Output. The internal ADC 3 V reference is provided at this pin. This output may be used as a ref- 
erence for the DAC by connecting it to the RI DAC input. The external load capability of this reference is 500 !LA. 
DAC Voltage Reference Output. This is one of two internal voltage references. To operate the DAC with this internal 
reference, RO DAC should be connected to RI DAC. The external load capability of the reference is 500 !LA. 
DAC Voltage Reference Input. The voltage reference for the DAC must be applied to this pin. It is internally 
buffered before being applied to the DAC. The nominal reference voltage for correct operation of the AD7869 is 3 V. 


ADC INTERFACE 
AND CONTROL 
2 
CLK 
Clock Input. An external TTL-compatible clock may be applied to this input. Alternatively, tying this pin to Vss 
enables the internal laser-trimmed oscillator. 


3 
RFS 
Receive Frame Synchronization, Logic Output. This is an active low open-drain output which provides a framing 
pulse for serial data. An external 4.7 kO pull-up resistor is required on RFS. 
4 
RCLK 
Receive Clock, Logic Output. RCLK is the gated serial clock output which is derived from the internal or external 
ADC clock. If the CONTROL input is at Vss, the clock runs continuously. With the CONTROL input at DGND 
the RCLK output is gated off (three-state) after serial transmission is complete. RCLK is an open-drain output and 
requires an external 2 kO pull-up resistor. 
DR 
Receive Data, Logic Output. This is an open-drain data output used in con~tion 
with RFS and RCLK to transmit 
data from the ADC. Serial data is valid on the falling edge of RCLK when RFS is low. An external 4.7 kO resistor is 
required on the DR output. 


CONVST 
Convert Start, Logic Input. A low to high transition on this input puts the track-and-hold amplifier into the hold 
mode and starts an ADC conversion. This input is asynchronous to the CLK input. 
24 
CONTROL 
Control, Logic Input. With this pin at 0 V, the RCLK is noncontinuous. With this pin at -5 V, the RCLK is contin- 
uous. Note, tying this pin to VDO places the part in a factory test mode where normal operation is not exhibited. 


DAC INTERFACE AND CONTROL 
• 
Transmit Frame Synchronization, Logic Input. This is a frame or synchronization signal for the DAC with serial data 
expected after the falling edge of this signal. 
Transmit Data, Logic Input. This is the data input which is used in conjunction with TFS and TCLK to transfer 
serial data to the input latch. 
Transmit Clock, Logic Input. Serial data bits are latched on the falling edge of TCLK when TFS is low. 
Load DAC, Logic Input. A new word is transferred into the DAC latch from the input latch on the falling edge of 
this signal. 
No Connect. 


TCLK 
LDAC 


components required for normal operation are pull-up resistors 
for the AbC data outputs and power supply decoupling capaci- 
tors. It is comprised of a 14-bit successive approximation 
ADC 
with a tracklhold amplifier, a 14-bit DAC with a buffered out- 
put and two 3 V buried Zener references, a clock oscillator and 
control logic. 


ADCCLOCK 
The AD7869 has an internal clock oscillator which can be used 
for the ADC conversion procedure. The oscillator is enabled by 
tying the CLK input to Vss. The oscillator is laser trimmed at 
the factory to give a maximum conversion time of 10 ILS.The 
mark/space ratio can vary from 40/60 to 60/40. Alternatively, an 
external TTL compatible clock may be applied to this input. 
The allowable mark/space ratio of an external clock is 40/60 to 
60/40. 


RCLK is a clock output, used for the serial interface. This out- 
put is derived directly from the ADC clock source and can be 
switched off at the end of conversion with the CONTROL 
input. 


ADC CONVERSION 
TIMING 
The conversion time for both external clock and continuous in- 
ternal clock can vary from 19 to 20 rising clock edges depending 
on the conversion start to ADC clock synchronization. 
If a con- 
version is initiated within 30 ns prior to a rising edge of the 
ADC clock, the conversion time will consist of 20 rising clock 
edges, i.e., 9.5 ILSconversion time. For noncontinuous 
internal 
clock, the conversion time always consists of 19 rising clock 
edges. 


ADC TRACK·AND·HOLD 
AMPLIFIER 
The track-and-hold 
amplifier on the analog input of the AD7869 
allows the ADC to accurately convert an input sine wave of 6 V 
peak-peak 
amplitude to 14-bit accuracy. The input impedance is 
typically 9 kO, an equivalent circuit is shown in Figure 1. The 
input bandwidth of the tracklhold amplifier is much greater 
than the Nyquist rate of the ADC, even when the ADC is oper- 
ated at its maximum throughput 
rate. The 0.1 dB cut-off fre- 
quency occurs typically at 500 kHz. The tracklhold amplifier 
acquires an input signal to 14-bit accuracy in less than 2 ILS. 
The overall throughput 
rate is equal to the conversion time plus 
the tracklhold amplifier acquisition time. For a 2.0 MHz input 
clock the throughput 
time is 12 ILSmax. 
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mode to its hold mode at the start of conversion on the rising 
edge of CONVST. 


INTERNAL 
REFERENCES 
The AD7869 has two on-chip temperature 
compensated buried 
Zener references which are factory trimmed to 3 V ± 10m V. 
One reference provides the appropriate biasing for the ADC, 
while the other is available as a reference for the DAC. Both 
reference outputs are available (labelled RO DAC and RO ADC) 
and are capable of providing up to 500 ILAto an external load. 


The DAC input reference (R1 DAC) can be sourced externally 
or connected to any of the two on-chip references. Applications 
requiring good full-scale error matching between the DAC and 
the ADC should use the ADC reference as shown in Figure 4. 


The maximum recommended capacitance on either of the refer- 
ence output pins for normal operation is 50 pF. If either of the 
reference outputs is required to drive a capacitive load greater 
than 50 pF, then a 200 0 resistor must be placed in series with 
the capacitive load. The addition of decoupling capacitors, 
10 ILF in parallel with 0.1 ILF, as shown in Figure 2 improves 
noise performance. The improvement 
in noise performance can 
be seen from the graph in Figure 3. Note, this applies for the 
DAC output only; reference decoupling components do not af- 
fect ADC performance. 
So, a typical application will have just 
the DAC reference decoupled with the other one open circuited. 


RODAC 
or 
ROADC' 


EXT 
LOAD 


GREATER 
THAN 
SOpF 
10~FPO'1~F 


'RO 
DAC/RO 
ADC 
CAN 
BE LEFT 
OPEN 
CIRCUIT 
IF NOT 
USED 


DAC OUTPUT 
AMPLIFIER 
The output from the voltage mode DAC is buffered by a non- 
inverting amplifier. The buffer amplifier is capable of develop- 
ing ±3 V across 2 kO and 100 pF load to ground and can 
produce 6 V peak-to-peak sine wave signals to a frequency of 
20 kHz. The output is updated on the falling edge of the LDAC 
input. The output voltage settling time, to within 1/2 LSB of its 
final value, is typically less than 3.5 ILS. 


The small signal (200 mV p-p) bandwidth of the output buffer 
amplifier is typically I MHz. The output noise from the ampli- 
fier is low with a figure of 30 nV/y'Hz 
at a frequency of 1 kHz. 


The broadband noise from the amplifier exhibits a typical peak- 
to-peak figure of ISO ILV for a 1 MHz output bandwidth. 
Figure 
3 shows a typical plot of noise spectral density versus frequency 
for the output buffer amplifier and for either of the on-chip 
references. 
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Figure 3. Noise 
Spectral 
Density 
vs. Frequency 


INPUT/OUTPUT 
TRANSFER 
FUNCTIONS 
A bipolar circuit for the AD7869 is shown in Figure 4. 


The analog input/output 
voltage range of the AD7869 is ± 3 V. 


The designed code transitions for the ADC occur midway be- 
tween successive integer LSB values (i.e., 1/2 LSB, 3/2 LSB, 
5/2 LSB ... 
FS -3/2 
LSBs). The input/output 
code is 2s Com- 


plement Binary with I LSB = FS/16384 = 366 I-'V. The ideal 
transfer function is shown in Figure 5. 


OUTPUT 


CODE 


011 
111 


011 
110 
fi 


·FS* 
.- 
::,' 
r 
;:~ 
~~SB 


-.-..Lr 
,LSB = .:. 


000 
010 
ooo 
ocn 


000 
000 


111 
111 


111 
110 


OFFSET 
AND FULL 
SCALE ADJUSTMENT 
In most digital signal processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale errors do not cause problems as long as 
the input signal is within the full dynamic range of the ADC. 
For applications which require that the input signal range match 
the full analog input dynamic range of the ADC, offset and full- 
scale errors have to be adjusted to zero. 


ADC ADJUSTMENT 
Figure 6 has signal conditioning at the input and output of the 
AD7869 for trimming the end points of the transfer functions of 
both the ADC and the DAC. Offset error must be adjusted be- 
fore full-scale error. For the ADC, this is achieved by trimming 
the offset of Al while the input voltage, VI, is 1/2 LSB below 
ground. The trim procedure is as follows: apply a voltage of 
-183 
I-'V (-1/2 
LSB) at VI in Figure 6 and adjust the offset 
voltage of Al until the ADC output code flickers between 
11 llli 
Illl 
1111 (3 FFF HEX) and 00סס ooסס ooסס oo 


(סס OOHEX). 


ADC gain error can be adjusted '3t either the first code transi- 
tion (ADC negative full scale) or the last code transition (ADC 
positive full scale). The trim procedures for both cases are as 
follows (see Figure 6). 


ADC Positive Full-Scale 
Adjustment 
Apply a voltage of 2.99945 V (FS/2 - 3/2 LSBs) at VI. Adjust 
R2 until the ADC output code flickers between 01 1111 1111 
lllO (lFFE 
HEX) and 01 llli 
llli 
1111 (IFFF 
HEX). • 


ADC Negative Full-Scale 
Adjustment 
Apply a voltage of -2.99982 
V (-FS/2 
+ 1/2 LSB) at VI and 
adjust R2 until the ADC output code flickers between 10סס oo 
סס ooסס oo (2000 HEX) and 10סס ooסס oo 0001 (2001 HEX). 


DAC ADJUSTMENT 
Op amp A2 is included in Figure 6 for the DAC transfer func- 
tion adjustment. 
Again offset must be adjusted before full scale. 


To adjust offset: load the DAC with 00סס ooסס ooסס oo (סס oo 
HEX) and trim the offset of A2 to 0 V. As with the ADC ad- 
justment, gain error can be adjusted at either the frrst code tran- 
sition (DAC negative full scale) or the last code transition (DAC 
positive full scale). The trim procedures for both cases are as 
follows: 


DAC Positive Full-Scale 
Adjustment 
Load the DAC with 01 1111 1111 1111 (1 FFF HEX) and ad- 
just R7 until the op amp output voltage is equal to 2.99963 V, 
(FS/2 - 1 LSB). 


DAC Negative Full-Scale 
Adjustment 
Load the DAC with 10סס ooסס ooסס oo (2000 HEX) and adjust 
R7 until the op amp output voltage is equal to -3 V (- FS/2). 


TIMING 
AND CONTROL 
Communication 
with the AD7869 is managed by 6 dedicated 
pins. These consist of separate serial clocks, word framing or 
strobe pulses and data signals for both receiving and transmit- 
ting data. Conversion starts and DAC updating are controlled by 
two digital inputs; CONVST and LDAC. These inputs can be 
asserted independently 
of the microprocessor by an external 
timer when precise sampling intervals are required. Alterna- 
tively, the LDAC and CONVST can be driven from a decoded 
address bus allowing the microprocessor control over conversion 
start and DAC updating as well as data communication 
to the 
AD7869. 


ADC Timing 
Conversion control is provided by the CONVST input. A low to 
high transition on CONVST input starts conversion and drives 
the track/hold amplifier into its hold mode. Serial data then be- 
comes available while conversion is in progress. The correspond- 
ing timing diagram is shown in Figure 7. The word length is 16 
bits; 2 leading zeros, followed by the 14-bit conversion result 
starting with the MSB. The data is synchronized to the serial 
clock output (RCLK) and is framed by the serial strobe (RFS). 
Data is clocked out on a low to high transition of the serial 
clock and is valid on the falling edge of this clock while the RFS 
output is low. RFS goes low at the start of conversion and the 
first serial data bit (wlrich is the first leading zero) is valid on 
the first falling edge of RCLK. All the ADC serial lines are 
open-drain outputs and require external pull-up resistors. 
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Figure 
7. ADC Control 
Timing 
Diagram 


The serial clock out is derived from the ADC master clock 
source which may be internal or external. Normally, RCLK is 
required during the serial transmission only. In these cases it 
can be shut down (i.e., placed into three-state) at the end of 
conversion to allow multiple ADCs to share a common serial 
bus. However, some serial systems (e.g., TMS32020) require a 
serial clock which runs continuously. 
Both options are available 
on the AD7869 ADC. With the CONTROL 
input at 0 V, 
RCLK is noncontinuous; 
and when it is at - 5 V, RCLK is 
continuous. 


DAC Timing 
The AD7869 DAC contains two latches, an input latch and a 
DAC latch. Data must be loaded to the input latch under the 
control of the TCLK, 
TFS and DT serial logic inputs. Data is 
then transferred from the input latch to the DAC latch under 
the control of the LDAC signal. Only the data in the DAC latch 
determines the analog output of the AD7869. 


Data is loaded to the input latch under control of TCLK, 
TFS 
and DT. The AD7869 DAC expects a 16-bit stream of serial 
data on its DT input. Data must be valid on the falling edge of 
TCLK. 
The TFS input provides the frame synchronization 
sig- 
nal which tells the AD7869 DAC that valid serial data will be 
available for the next 16 falling edges of TCLK. 
Figure 8 shows 
the timing diagram for the serial data format. 


Figure 8. DAC Control 
Timing 
Diagram 


Although 16 bits of data are clocked into the input latch, only 
14 bits are transferred into the DAC latch. Therefore, 
2 bits in 
the stream are don't cares since their value does not affect the 
DAC latch data. The bit positions are 2 don't cares followed by 
the l4-bit DAC data starting with the MSB. 


The LDAC signal controls the transfer of data to the DAC 
latch. Normally, data is loaded to the DAC latch on the falling 
edge of LDAC. However, if LDAC 'is held low, then serial data 
is loaded to the DAC latch on the sixteenth falling edge of 
TCLK. 
If LDAC goes low during the loading of serial data to 
the input latch, no DAC latch update takes place on the falling 
edge of LDAC. If LDAC stays low until the serial transfer is 
completed, then the update takes place on the sixteenth falling 
edge of TCLK. 
If LDAC remrns high before the serial data 
transfer is completed, no DAC latch update takes place. 


AD7869 DYNAMIC 
SPECIFICATIONS 
The AD7869 is specified and 100% tested for dynamic perfor- 
mance specifications as well as traditional de specifications such 
as Integral and Differential Nonlinearity. 
These ac specifications 
are required for signal processing applications such as speech 
recognition, spectrum analysis, and high speed modems. These 
applications require information on the converter's effect on the 
spectral content of the input signal. Hence, the parameters for 
which the AD7869 is specified include SNR, harmonic distor- 
tion and peak harmonics. These terms are discussed in more 
detail in the following sections. 


Signal-to-Noise 
Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
ADC or DAC. The signal is the rms magnitude of the funda- 
mental. Noise is the rms sum of all the nonfundamental 
signals 
up to half the sampling frequency (fsAMPLE/2)excluding de. 
SNR is dependent upon the number of levels used in the quan- 
tization process; the more levels, the smaller the quantization 
noise. The theoretical signal-to-noise ratio for a sine wave input 
is given by 


SNR 
= (6.02N + 1.76) dB 
(1) 


where N is the number of bits. Thus for an ideal 14-bit con- 
verter, SNR = 86 dB. 


Effe<:tive Number of Bits 
The formula given in Equation (1) relates the SNR to the num- 
ber of bits. Rewriting the formula, as in Equation (2), it is pos- 
sible to get a measure of performance expressed in effective 
number of bits (N). 


SNR 
- 1.76 
N = 
6.02 
. . . . . . . . . . . . . . . . . . . . . . . . (2) 


The effective number of bits for a device can be calculated di- 
rectly from its measured SNR. 


Harmonic 
Distortion 
Harmonic Distortion is the ratio of the rms sum of harmonics to 
the fundamental. 
For the AD7869, total harmonic distortion 


(THD) is defmed as: 


VV2+V2+V2+V2+V2 
THD 
= 20 log 
2 
3 
4 
5 
6 
VI 


where VI is the rms amplitude of the fundamental and V2, V3, 
V4, V5 and V6 are the rms amplitudes of the second through to 
the sixth harmonic. The THD is also derived from the FFT 
plot of the ADC or DAC output spectrum. 


ADC Testing 
The output spectrum from the ADC is evaluated by applying a 
sine wave signal of very low distortion to the VIN input while 
reading multiple conversion results. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be ob- 
tained. Figure 9 shows a typical 2048 point FFT plot of the 
AD7869AQ ADC with an input signal of 10 kHz and a sam- 
pling frequency of 60 kHz. The SNR obtained from this graph 
is 80 dB. It should be noted that the harmonics are taken into 
account when calculating the SNR. 
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Figure 10 shows a typical plot of effective number of bits versus 
frequency for an AD7869AQ with a sampling frequency of 60 
kHz. The effective number of bits typically falls between 12.7 
and 13.1 corresponding to SNR figures of 79 and 80.4 dB. 
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Figure 
10. Effective 
Number 
of Bits vs. Frequency 
for the 
ADC 


DAC Testing 
A simplified diagram of the method used to test the dynamic 
performance specifications of the DAC is outlined in Figure 11. 
Data is loaded to the DAC under control of the microcontroller 
and associated logic. The output of the DAC is applied to a 9th 
order low pass filter whose cut-off frequency corresponds to the 
Nyquist limit. The output of the fJ.Iteris in turn applied to a 
16-bit accurate digitizer. This digitizes the signal and the micro- 
controller generates an FFT plot from which the dynamic per- 
formance of the DAC can be evaluated. 


Figure 
11. AD7869 
DAC Dynamic 
Performance 
Test 
Circuit 


rate to ease FFT calculations. The digitizer samples the DAC 
output after the output has settled to its new value. Therefore, 
if the digitizer was to sample the output directly it, would 
effectively be sampling a dc value each time. As a result, the 
dynamic performance of the DAC would not be measured cor- 
rectly. Using the digitizer directly on the DAC output would 
give better results than the actual performance of the DAC. Us- 
ing a filter between the DAC and the digitizer means that the 
digitizer samples a continuously moving signal and the true dy- 
namic performance of the AD7869 DAC output is measured. 


Figure 12 shows a typical 2048 point Fast Fourier Transform 
plot for the AD7869 DAC with an update rate of 83 kHz and an 
output frequency of I kHz. The SNR obtained from the graph 
is 82 dBs. 
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Some applications will require improved performance versus 
frequency from the AD7869 DAC. In these applications, a sim- 
ple sample-and-hold 
circuit such as that outlined in Figure 13 
will extend the very good performance of the DAC to 20 kHz. 
Other applications will already have an inherent sample-and- 
hold function following the AD7869 DAC output. An example 
of this type of application is driving a switched capacitor filter 
where the updating of the DAC is synchronized with the 
switched capacitor filter. This inherent sample-and-hold func- 
tion also extends the frequency range performance. 


R2 
21<2 


The typical performance plots of Figures 14 and 15 show the 
AD7869 DAC performance over a wide range of input frequen- 
cies at an update rate of 83 kHz. The plot of Figure 14 is with- 
out a sample-and-hold 
on the DAC output while the plot of 
Figure 15 is generated with a sample-and-hold 
on the output. 
-- 
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Figure 
14. DAC Performance 
vs. Frequency 
(No Sample- 
and-Hold) 
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Figure 
15. DAC Performance 
vs. Frequency 
(Sample-and- 
Hold) 


MICROPROCESSOR 
INTERFACING 
Microprocessor interfacing to the AD7869 is via a serial bus that 
uses standard protocol compatible with DSP machines. The 
communication 
interface consists of separate transmit (DAC) 


and receive (ADC) sections whose operations can be either syn- 
chronous or asynchronous with respect to each other. Each sec- 
tion has a clock signal, a data signal and a frame or strobe pulse. 
Synchronous operation means that data is transmitted 
from the 
ADC and to the DAC at the same time. In this mode only one 
interface clock is needed, and this has to be the ADC clock out, 
so RCLK must be connected to TCLK. 
For asynchronous oper- 
ation, DAC and ADC data transfers are independent 
of each 
other, the ADC provides the receive clock (RCLK) while the 
transmit clock (TCLK) may be provided by the processor or the 
ADC or some other external clock source. 


Another option to be considered with serial interfacing is the use 
of a gated clock. A gated clock means that the device that is 
sending the data switches on the clock when data is ready to be 
transmitted 
and three states the clock output when transmission 
is complete. Only 16 clock pulses are transmitted 
with the first 
data bit getting latched into the receiving device on the first fall- 
ing clock edge. Ideally, there is no need for frame pulses, how- 
ever, the AD7869 DAC frame input (TFS) has to be driven 
high berween data transmissions. 
The easiest method is to use 
RFS to drive TFS and use only synchronous interfacing. This 
avoids the use of interconnects 
berween the processor and 
AD7869 frame signals. Not all processors have a gated clock 
facility, Figure 16 shows an example with the DSP56000. 


Table I below shows the number of interconnect lines berween 
the processor and the AD7869 for the different interfacing 
options. 


The AD7869 has the facility to use different clocks for transmit- 
ting and receiving data. This option, however, only exists on 
some processors and normally just one clock (ADC clock) is 
used for all communication 
with the AD7869. For simpliciry, all 


the interface examples in this data sheet use synchronous inter- 
facing and use the ADC clock (RCLK) as an input for the DAC 
clock (TCLK). 
For a better understanding 
of each of these in- 
terfaces, consult the relevant processor data sheet. 


Number 
of 
Configuration 
Interconnects 
Signals 


Synchronous 
4 
RCLK, DR, DT and RFS 
(TCLK 
= RCLK, TFS = RFS) 


Asynchronous· 
5 or 6 
RCLK,DR,RFS,DT,TFS 
(TCLK 
= RCLK or 


IJop serial CLK) 


Synchronous 
3 
RCLK, DR and DT 
Gated Clock 
(TCLK 
= RCLK, TFS = RFS) 


*5 LINES OF INTERCONNECT 
WHEN TCLK 
= RCLK 
6 LINES OF INTERCONNECT 
WHEN TCLK 
= IJ.PSERIAL CLK 


Table I. Interconnect Lines for Different Interfacing 
Options 


AD7869-DSP 
56000 Interface 
Figure 16 shows a rypical interface berween the AD7869 and 
DSP56000. The interface arrangement is synchronous with a 
gated clock requiring only three lines of interconnect. 
The 
DSP56000 internal serial control registers have to be configured 
for a 16-bit data word with valid data on the first falling clock 
edge. Conversion starts and DAC updating are controlled by an 
external timer. Data transfers, which occur during ADC conver- 
sions are berween the processor receive and transmit shift regis- 
ters and the AD7869's ADC and DAC. At the end of each 16- 
bit transfer the DSP56000 receives an internal interrupt 
indi- 
cating the transmit register is empry and the receive register is 
full. 


AD7869-ADSp·210112102 
Interface 
An interface which is suitable for the ADSP-2101 or the ADSP- 
2102 is shown in Figure 17. The interface is configured for syn- 
chronous, continuous clock operation. The LDAC is tied low so 
the DAC gets updated on the sixteenth falling clock after TFS 
goes low. Alternatively, 
LDAC may be driven from a timer as 
shown in Figure 16. As with the previous interface the processor 
receives an interrupt 
after reading or writing to the AD7869 and 
updates its own internal registers in preparation for the next 
data transfer. 
• 
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AD7869 - TMS32020 
Interface 
Figure 
18 shows an interface 
which is suitable for the 
TMS32020rrMS32OC25 
processors. This interface is configured 
for synchronous, 
continuous clock operation. Note, the AD7869 


will not interface correctly to these processors if the AD7869 is 
configured for a noncontinuous 
clock. Conversion starts and 
DAC updating are controlled by an external timer. 
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Figure 18. AD7869-TMS32020fTMS32025/nterface 


APPLICATION 
HINTS 
Good printed circuit board (PCB) layout is as important as the 
circuit design itself in achieving high speed AiD performance. 
The AD7869's comparator is required to make bit decisions on 
an LSB size of 366 fJ.V. To achieve this, the designer has to be 
conscious of noise both in the ADC itself and in the preceding 
analog circuitry. Switching mode power supplies are not recom- 
mended as the switching spikes will feed through to the compar- 
ator causing noisy code transitions. Other causes of concern are 
ground loops and digital feedthrough from microprocessors. 
These are factors which influence any ADC, and a proper PCB 
layout which minimizes these effects is essential for best 
performance. 


LAYOUT 
HINTS 
Ensure that the layout for the printed circuit board has the digi- 
tal and analog signal lines separated as much as possible. Take 
care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 


Establish a single point analog ground (star ground) separate 
from the logic system ground as close as possible to the AD7869 
AGND pins. Connect all other grounds and the AD7869 
DGND to this single analog ground point. Do not connect any 
other digital grounds to this analog ground point. 


Low impedance analog and digital power supply common re- 
turns are essential to low noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. The circuit layout of Fig- 
ures 22 and 23 have both analog and digital ground planes 
which are kept separated and only joined together at the 
AD7869 AGND pins. 


NOISE 
Keep the input signal leads to VIN and signal return leads from 
AGND as shorr as possible to minimize input noise coupling. In 
applications where this is not possible, use a shielded cable be- 


tween the source and the ADC. Reduce the ground circuit im- 
pedance as much as possible since any potential difference in 
grounds between the signal source and the ADC appears as an 
error voltage in series with the input signal. 


INPUT/OUTPUT 
BOARD 
Figure 19 shows an analog I/O board based on the AD7869. 
The corresponding printed circuit (PC) board layout and silk- 
screen are shown in Figures 21 to 23. 


The analog input to the AD7869 is buffered with an AD711 op 
amp. There is a component grid provided near the analog input 
on the PC board which may be used for an antialiasing mter for 
the ADC or a reconstruction 
filter for the DAC or any other 
conditioning circuitry. To facilitate this option, there are two 
wire links (labeled LKI and LK2) required on the analog input 
and output tracks. 


The board contains a SHA circuit which can be used on the out- 
put of the AD7869 DAC to extend the very good performance 
of the parr over a wider frequency range. The increased perfor- 
mance from the SHA can be seen from Figures 14 and 15 of 
this data sheet. A wire link (labeled LK3) connects the board 
output to either the SHA output or directly to the AD7869 
DAC output. 


There are three LDAC link options on the board; LDAC can be 
driven from an external source independent 
of CONVST, 


LDAC can be tied to CONVST or LDAC can be tied to GND. 
Choosing the latter option of tying LDAC to GND disables the 
SHA operation, and places the SHA permanently in the track 
mode. 


Microprocessor connections to the board are made by a 9-way 
D-type connector. The pinout is shown in Figure 20. The 
ADC's digital outputs are buffered v,vith74HC4050s. These 
buffers provide a higher current output capability for high ca- 
pacitance loads or cables. Normally, these buffers are not re- 
quired as the AD7869 will be sitting on the same board as the 
processor. 


POWER SUPPLY 
CONNECTIONS 
The PC board requires two analog power supplies and one 5 V 
digital supply. Connections to the analog supply are made di- 
rectly to the PC board as shown on the silkscreen in Figure 21. 
The connections are labeled V+ and V- and the range for both 
of these supplies is 12 V to 15 V. Connections to the 5 V digital 
supply are made through the D-type connector SKT6. The 
± 5 V analog supply required by the AD7869 are generated 
from two voltage regulators on the V+ and V- supplies. 


WIRE LINK 
OPTIONS 
LKl, 
Analog Input Link 
LK 1 connects the analog input to a component grid or to a 
buffer amplifier which drives the ADC input. 


LK2, Analog Output Link 
LK2 connects the analog output to the component grid or to 
either the SHA or DAC output (see LK3). 


LK3, SHA or DAC Select 
The analog output may be taken directly from the DAC or from 
a SHA at the output of the DAC. 


LK4, DAC Reference 
Selection 
The DAC reference may be connected to either the ADC refer- 
ence output (RO ADC) or to the DAC reference (RO DAC). 
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LKS, ADC Internal 
Clock Selection 
This link configures the ADC for continuous or noncontinuous 
internal clock operation. 


LK6, DAC Updating 
The DAC, LDAC input may asserted independently 
of the 
ADC CONVST signal or it may be tied to CONVST or it may 
tied to GND. 


LK7, ADC Clock Source 
This link provides the option for the ADC to use its own inter- 
nal clock oscillator or an external TTL compatible clock. 


LK8 Frame Synchronous 
Option 
LK8 provides the option of tying the ADC RFS output to the 
DAC TFS input. 


LK9 Transmit/Receive 
Clock Option 
LK9 provides the option to connect the ADC RCLK to the 
DACTCLK. 
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Mixed-Signal 
Application Specific Integrated Circuits 


Analog Devices offers a full spectrum of signal conditioning 
and conversion capabilities in mixed-signal application specific 
integrated circuits (ASICs). These chip-level systems can imple- 
ment combined analog/digital designs with 10- to l4-bit accuracy 
and 12- to 20-bit resolution that formerly required board-level 
solutions. Combined with our general purpose DSPs from 
the ADSP-2l00 
and ADSP-2l000 
families, our ASICs can 
provide custom two-chip solutions to meet complex system 
requirements. 


Analog Devices can incorporate most of the functions of its stan- 
dard monolithic linear and converter parts in full-custom and 
semicustom ICs. Full-custom parts optimize performance and 
space requirements, 
while cell-based semicustom parts reduce 
development time and engineering expense. Development costs 
can be cut further by tailoring a predefined system-on-a-chip 
known as a Linear System Macro to your application. 


Analog's experienced design engineers work with powerful 
computer-aided 
design tools to design and layout 
your circuit. 


Design centers are currently in Massachusetts, 
England and 
Ireland. 


Multiple locations for fabrication, assembly and testing ensure a 
ready supply of production 
parts. Products can be processed in 


our MIL-385l0 
certified facilities. 


DESIGN 
EXAMPLES 
Analog Devices has created a variety of customer-specific 
and 
function-specific 
ASIC parts. Described here are three Linear 
System Macros, a custom chipset and a semicustom chip. 


AD7S004 Quad DAC 
This circuit contains four separate 12-bit D/A converters with 
amplifiers for voltage output and an on-board reference. Double- 
buffering latches interface with an 8-bit parallel bus and permit 
updating of all four channels individually or simultaneously. 
Outputs swing ±5 V, drive ±5 mA, and settle within 4 •.•.s. 
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AD7S068 Octal Programmable 
Gain Amplifier 
The AD75068 contains eight programmable 
gain amplifiers 


(PGAs). Each is complete, including switch/resistor network and 
gain programming 
latch, and requires no external components. 


Each channel may be independently 
programmed 
for gains from 
I to 128. A unique circuit design maintains constant 2 MHz 
bandwidth at all gains and offers very low phase shift; the PGAs 
also feature low input bias current «4 
pAl. 
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Derivative 
Circuits 
The circuits outlined above can be modified to suit a specific 
customer's application. For example, the AD75004 quad DAC 
could be expanded to 6 channels, each of which may have 
separate reference inputs. The AD75068 could be configured to 
include filtering. These modifications, when based on standard 
library cells, can provide the fastest, most cost effective semi- 
custom solution. 
II 


Modem Chipset 
Library cells can be combined to form macro building blocks 
for high speed modems. This two-chip design concept filters 
and converts data to interface an Analog Devices digital signal 
processor with the analog circuitry of a 9600-baud modem. On 
one chip, the received signal passes through an antialiasing fil- 
ter, sample-and-hold, 
12-bit AID converter, 8th-order digital 
filter and decimation. On the other chip, transmit data is 8 x 
oversampled, then goes to an 8th-order filter, a l2-bit DAC and 
an active reconstruction 
filter. 


AD790IS Low Level DAS 
This circuit is a complete data acquisition system for low level 
signals (e.g., ECG and EEG) with a throughput 
of 10,000 sam- 


ples per second. It provides high accuracy, high stability and 
functional completeness in a small 28-pin PLCC package. It in- 
cludes a high performance instrumentation 
amp, low-pass and 
band-pass filters, and a 12-bit ADC with on-chip reference. It 
also includes a fast 8llZ-bit serial port to interface to most mi- 
croprocessor systems. 
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HIGH PERFORMANCE 
PROCESSES 
Analog Devices' semicustom and custom circuits are fabricated 
using the same high performance processes as our standard- 
product ICs. These mixed bipolar-CMOS processes include thin- 
film resistors which may be laser trimmed for precise matching 
and provide stable performance over a wide temperature 
range. 


The ABCMOS, BiMOS II, and Linear Compatible CMOS 
(LC2MOS) processes combine bipolar and CMOS devices on 
one chip. Functional density is an order of magnitude greater 
than previous mixed-signal processes; over 40,000 devices can be 
placed on a single chip. Bipolar transistors provide low noise, 
low offset input stages and moderate power output stages. The 
CMOS devices offer high input impedance, and make dense 
logic and analog switches for data converters, multiplexers and 
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switched-capacitor 
mters. LC2MOS also provides a JFET 
for very low noise amplifiers, and a low-noise buried-Zener 
reference. ABCMOS represents the next generation in a com- 
bined bipolar/CMOS process for mixed-signal applications. 


The bipolar-CMOS processes operate on supply voltages ranging 
from single + 5 V to split ± ISV, with signal levels ranging from 
single-ended + 3 V to ± 10 V. These processes are ideally suited 
for applications in avionics, instrumentation, 
industrial automa- 
tion, computers and peripherals, 
and telecommunications. 


The following table summarizes the processes available for de- 
signing ASICs. Other processes in development will offer even 
higher speed, denser logic and higher integration of analog and 
digital functions. 


CELL LIBRARIES 
Cell libraries for the bipolar/CMOS processes are described be- 
low. These libraries are growing with the development of new 
processes, macrocells and cells. Many new catalog parts will also 
be available as cells. Your local sales office can give you current 
information on the cell libraries and available Linear System 
Macros. 


Operational amplifiers are available in bipolar, JFET and CMOS 
configurations. 
Representative 
bipolar op amp cells have perfor- 
mance characteristics similar to an AD OP-27 and a slew- 
enhanced AD741. The LC2MOS process offers JFET op amps, 
including an AD711 equivalent. 


Instrumentation 
amplifiers with performance comparable to the 
AD521 and AD524 are available. Linear comparators have re- 
sponse times down to 100 nanoseconds and strobed comparators 
have setup/access times down to 50 nanoseconds. 


ANALOG 
DEVICES 
HIGH PERFORMANCE 
BiCMOS PROCESSES 
FOR ASICS 


Process 
Power 
Signal 
Features 


ABCMOS 
BiMOS II 
LC2MOS 
LC2MOS 2 


+S V to ±S V 
±5 V to ±12 V 
+5 V to ±15 V 
+5 V to ±5 V 


+3 V to ±3 V 
±3Vto±IOV 
+3 V to ±10 V 
+3Vto±3V 


Fine Geometries; Double Metal 
Double Metal 
JFET, 
Zener 
Fine Geometries; Poly-Poly Capacitors, JFET, 
Zener 


Digital-to-analog converters range in resolution from 8 to 16 
bits, and include cells similar to the AD667 and AD1856. 
Analog-to-digital converters vary from 8 to 16 bits in resolution, 
and include cells equivalent to the AD7871 and AD674. 


Support cells include sample-and-hold 
amplifiers with perfor- 
mance comparable to the AD585, low-voltage bandgap refer- 
ences comparable to the AD584, and low-noise buried Zener 
references. 


RC active filters and pr~grarnmable switched-capacitor 
filters are 
available with specifications in these ranges: 
Topology: all classical filter types 
Frequency Range: 200 Hz to 20 kHz (switched-cap) or 
100 Hz to I MHz (RC) 


Number of Sections: up to 10th-order (switched-cap) 


or 4th-order (RC) 


SignallNoise and THD: 
>75 dB, compatible with 
12-bit data acquisition. 


Logic cells include gates, counters, registers, microsequencer, 
PLA, RAM and ROM. Interface cells include 8-bit and 16-bit 
parallel liD ports as well as synchronous serial ports and 
UARTs. 


COMPUTER-AIDED 
DESIGN 
TOOLS 
Designing a high performance mixed-signal IC is inherently 
more difficult than designing a gate array. The variety of analog 
and digital functions requires a cell-based approach. However, 
the use of powerful tools gives high confidence of functionality 
at first silicon through thorough simulation and layout verifica- 
tion. Complete computer-generated 
documentation 
of all sche- 
matics and analog and logic simulation waveforms permits 
thorough evaluation of Analog's design by your design staff be- 
fore signoff for fmal layout and fabrication. 


The overall work flow through the CAD environment 
follows. 
Key to meeting the special challenges of mixed analog/digital 
circuitry are the simulation and auto-layout tools, and the unifi- 
cation of design and layout information in a single database. 
Analog Devices has developed a suite of proprietary 
computer- 
aided design tools, called JANUS"', 
to address these issues and 
to implement turn-key designs. 


The JANUS schematic editor offers numerous time-saving tech- 
niques and provides for specification of such data as wire 
widths, routing layers and routing priorities. It automatically 
generates a net list used by subsequent 
tools. 


Analog uses several simulators, including electrical, logic and 
behavioral types. ADICE, a proprietary 
enhanced version of the 
SPICE electrical simulator, gives precision simulation of critical 
analog sections. It uses Newton-Raphson 
methods to iteratively 
solve nonlinear time-dependent 
simultaneous differential equa- 
tions. It is efficient for circuits up to about 250 active devices 
and is used for the frequency domain or transient analysis of 
analog cells such as op amps, or sensitive digital cells such as 
dynamic RAM. 


Event-driven 
simulators handle larger circuits, with thousands of 
devices, and are typically used to simulate logic. The JANUS 
mixed-signal simulator combines an event-driven simulator with 
Newton-Raphson 
methods. It dynamically partitions the circuit 
to apply the faster event-driven techniques where possible, and 
the matrix methods where necessary. It also dynamically sizes 
the matrix and time steps to speed simulation further. 
The sim- 
ulator can operate at the transistor level or use behavioral mod- 
els, or both at the same time, allowing trade-offs between 
accuracy and speed. 


For layout, the challenge is to increase automation while accom- 
modating the layout sensitivity of analog circuitry. 
Device gener- 
ators exist for the full range of active and passive devices 
available in the technology to automatically create a physical 
representation 
of the circuit schematic. This layout may be opti- 
mized through conventional interactive polygon-pushing. 


The JANUS routing editor is driven by the connectivity of the 
schematics, but allows great freedom to manually control the 
routing of critical analog signal paths Or power/ground 
lines 


while autorouting 
noncritical nets and spacing the layout to 


achieve automatic enforcement of layout rules. The JANUS 
routing editor uses up to three interconnect 
levels, and will au- 
tomatically expand and compact placement as necessary to 
achieve 100% routing. 


Finally, industry-standard 
layout verification tools assure con- 
formance of the layout to both the schematic and design rules to 
give high confidence of functionality in first silicon. The CAD 
tool suite communicates via industry-standard 
stream formats to 
external databases and pattern generators. 


• 


TEST AND TRIM 
Analog Devices has over 20 years of experience in testing com- 
plex circuits and manufactures 
commercial test systems for pre- 


cision linear ICs. In each fabrication facility, a computer 
network integrates Analog Devices, H-P, Teradyne and LTX 
test equipment. 
The design, wafer probe and test areas share 
data on the network for statistical analysis and device modeling. 


All Analog Devices ASICs are tested at the wafer level, and 
most are laser-wafer trimmed to achieve high accuracy. Unt- 
rimmed thin-fl1m resistors match within 1% to 0.1%, depending 
on area. Trimmed 
resistors can match to better than 0.01 %. 


Wafers may be laser drift trimmed with a hot-chuck probe to 
minimize the effects of temperature 
on accuracy. 


After packaging, all parts are tested to assure that they meet 
guaranteed specifications. Environmental 
handlers can verify 
parts at multiple temperatures. 
Burn-in is performed as specified 
by the customer. 


PACKAGING 
Analog Devices ICs are available in most modern package 
types, including high pin-count and surface mount varieties. 
ASICs may be assembled in any of Analog Devices' standard 
packages, listed below. This list is constantly expanded and 
other packages may be used if they are suitable for high perfor- 
mance applications. 


Available Packages 
Pin Grid Array (PGA): 68 to 144 pins 
Leaded Ceramic Chip Cartier (LDCC): 44 pins 
Plastic Quad Flat Pack (PQFP): 44 to 132 pins 
Plastic Leaded Chip Carrier (PLCC): 20 to 68 pins 
Plastic Dual Inline Package (DIP): 14 to 64 pins 
Side-Brazed DIP: 14 to 64 pins 
Frit-Seal DIP (Cerdip): 14 to 40 pins 
Small Outline (SO): 14 to 28 pins 
Ceramic Quad Flat Pack (CQFP): 80 to 104 leads 


PROGRAM RESPONSIBILITIES 
AND INTERFACES 
The following figure shows the major phases in developing an 
ASIC and responsibilities during each phase. The overall devel- 
opment time depends on the complexity of the circuit and on 
how custom the design is. 


Your Analog Devices Sales Engineer is your first interface for 
ASIC development. 
Your local sales office can provide further 
information on Analog Devices' customlsemicustom 
capabilities. 
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GENERAL 
DESCRIPTION 
Analog Devices offers a broad line of modular addc power sup- 
plies that provide both OEMs and designers a reliable, easy to 
use, low-cost solution to their power requirements. 
Models are 
available in PC mountable and chassis mountable designs with 
S volt to IS volt (single, dual, triple) outputs and current ratings 
from 2S mA to S amps. Since these modular supplies are fully 
encapsulated, 
no trimming or external component selection is 
necessary; simply mount the unit, connect power and output 
leads, and you're on the air! Most Analog Devices' power sup- 
plies are available from stock in both large and small quantities 
with substantial discounts being applied to large quantity orders. 


ACIDC POWER SUPPLY 
FEATURES 
• Current Limit Short Circuit Protection 
• PC Mounted and Chassis Mounted Versions 
• Single (+S V), Dual (±12 V, ±IS V), and Triple 


(±IS 
V/+S V, ±IS V/+l 
V to +IS V) Output Supplies 
• Current Outputs: 


2S mA to 1000 mA for Dual and Triple Output Supplies 
2S0 mA to SOOOmA for Single Output Supplies 
• Wide Input Voltage Range 
• Low Output Ripple and Noise 
• Excellent Line & Load Regulation Characteristics 
• High Temperature 
Stability 
• Free-Air Convection Cooling; No External Heat Sink Required 


GENERAL 
SPECIFICATIONS 
Power Requirements 
Input Voltage Range: 
Frequency: 


Electrical Specifications 
Temperature 
Coefficient: 
Output Voltage Accuracy: 


Breakdown Voltage: 
Isolation Resistance: 
Short Circuit Protection: 


IOSV ac to l2S V ac 
SOHz to 2S0 Hz 


0.02%/"C 
±2%, max 
See Specifications Table 
SOOV rms, min 
SOMO 
All addc power supplies 
employ current limiting. They 
can withstand substantial 
overload including direct 
short. Prolonged operation 
should be avoided since 
excessive temperature 
rises 


will occur. 


Environmental 
Requirements 
Operating Temperature 
Range: 
-2SoC to +71°C 
Storage Temperature 
Range: 
-2SoC to +8SoC 


SPECIFICATIONS- Typical @ +2SoCand 115V ac 60 Hz unless otherwisenoted" 
Output 
Output 
Line Reg. 
Load Reg. 
Output 
Ripple & 
Voltage 
Current 
max 
max 
Voltage 
Noise 
Dimensions 
Type 
Model 
Volts 
mA 
% 
% 
Errormax 
mVrmsmu 
Inches 


-1 


904 
±IS 
±SO 
0.02 
0.02 
±2oomV 
0.5 
3.5x2.SxO.87S 
-OmV 
902 
±IS 
±Ioo 
0.02 
0.02 
+3OOmV 
0.5 
3.Sx2.SxI.2S 
-OmV 
Dual 
902-2 
±IS 
±Ioo 
0.02 
0.02 
+3OOmV 
0.5 
3.Sx2.5xO.87S 


." 
Output 
-OmV 
~ 
920 
±IS 
±2oo 
0.02 
0.02 
+300 mV 
O.S 
3.5x2.Sx1.2S 
•• 
::I 
-OmV 
III 


0~ 
92S 
±IS 
±3S0 
0.02 
0.02 
±I% 
0.5 
3.5x2.SxI.62 
] 
921 
±12 
±240 
0.02 
0.02 
+300 mV 
0.5 
3.Sx2.Sx1.2S 


0 
-OmV 
= 
lC 
905 
1000 
0.02 
O.OS 
±l% 
I 
3.Sx2.Sx1.2S 
Single 
922 
2000 
0.02 
O.OS 
±I% 
I 
3.Sx2.Sx 1.62 


_J 


Output 
928 
3000 
O.OS 
0.10 
±2% 
S (typ) 
3.Sx2.Sx1.2S 


923 
±IS 
±Ioo 
0.02 
0.02 
±I% 
0.5 
3.5x2.Sx1.25 
Triple 
+5 
SOO 
0.02 
O.OS 
±l% 
0.5 
Output 
927 
±IS 
±ISO 
0.02 
0.02 
::t2% 
0.5 (typ) 
3.Sx2.5xI.62 
+S 
1000 
0.02 
0.10 
±2% 
1.0 (typ) 


+ 
9S2 
±IS 
±Ioo 
0.05 
0.05 
±2% 
I 
4.4x2.7x I.4S 


." 
Dual 
970 
±IS 
±2oo 
O.OS 
O.OS 
±2% 
I 
4.4x2.7x I.4S 
~ 
Output 
973 
±IS 
±3S0 
O.OS 
O.OS 
±2% 
I 
4.4x2.7x2.oo 
II 
97S 
±IS 
±SOO 
O.OS 
O.OS 
±2% 
I 
4.4x2.7x2.oo 
0~ 
95S 
1000 
0.05 
O.IS 
±2% 
2 
4.4x2.7xI.45 
.• 
Single 
976 
3000 
0.05 
0.10 
±2% 
S (typ) 
4.7sx2.7x 1.45 
":.• 
Output 
977 
SOOO 
0.05 
0.10 
±2% 
S (typ) 
4.7Sx2.7xI.45 
... 
U 
Triple 
974 
±15 
±ISO 
0.02 
0.02 
:::!::2'% 
0.5 (typ) 
4.75x2.7x 1.45 
_t 
Output 
+S 
1000 
0.02 
0.10 
±2% 
1.0 (typ) 


·Consult 
Analog Devices Power Supplies Catalog for additional 
information. 


Specifications 
subject to cha.nge without notice. 


POWER 
SUPPLIES 
10-1 


Power Supplies 
Modular DC/DC Converters 


GENERAL 
DESCRIPTION 
Analog Devices' line of compact dc/dc converters offers system 
designers a means of supplying a reliable, easy to use, low cost 
solution to a variety of floating (analog and digital) power appli- 
cations. These devices provide high accuracy, short circuit pro- 
tected, regulated outputs with very low output noise and ripple 
characteristics. 


Fourteen models are offered in five power levels of 1 watt, 1.8 
watts, 4.5 watts, 6 watts and 12 watts. Input voltage versions 
include 5 volt, 12 volt, 24 volt and 28 volt with output ranges 
as follows: +5 volt, :±:12 volts and:±: 15 volts at :±:60mA to 
1000 mA output current capability. 


Most models are high efficiency (typically over 60% at full load) 
and feature complete 6-sided continuous shielding for EMIIRFI 
protection. 
A 'IT-typeinput fllter is contained, in some models, 
which virtually eliminates the effects of reflected input ripple 
current. Most Analog Devices' dddc converters are available 
from stock in both large and small quantities with substantial 
discounts being applied to large quantity orders. 


DClDC POWER SUPPLY 
FEATURES 
• Inaudible (>20 kHz) Converter Switching Frequency 
• Continuous, 
Six-Sided EMIIRFI 
Shielding Except on 1 Watt 
and 1.8 Watt Models 
• Output Short Circuit Protection (Either Output to Common) 
• Automatic Restart After Short Condition Removed 
• Automatic Starting with Reverse Current Injected into 
Outputs 
• Low Output Ripple and Noise 
• High Temperature 
Stability 
• Free Air Convection Cooling 
No external heat sink or specification derating is 
required over the operating temperature 
range. 


GENERAL 
SPECIFICATIONS 
FOR 1 WAND 
1.8W 
MODELS 
Line Regulation - Full Range: :±:0.3%(:±:1%max, 949) 
Load Regulation - No Load to Full Load: 
:±:Oo4% (:±:O.S%max, 
949) 
Output Noise and Ripple: 
20 mV pop (with 15 fLF tantalum 
capacitor across each output) 2 mV rms max, 949) 


Breakdown Voltage: 300 V dc min (500 V dc min, 949) 
Input Filter Type: 'IT 
Operating Temperature 
Range: 
-25°C to +71°C 
Storage Temperature 
Range: -40°C to + 125°C (+ 100°C, 949) 
Fusing: 
If input fusing is desired, we recommend the use of a 
slow blow type fuse that is rated at 150%-200% of the 
dc/dc converter's full load input current. 


GENERAL 
SPECIFICATIONS 
FOR 4.5 W, 6 WAND 
12 W MODELS 
Line Regulation - Full Range: :±:0.07% max (:±:0.02% max, 951, 


960 Series) (:±:0.1% max, 943) 
Load Regulation - No Load to Full Load: 
:±:0.07% max 
(:±:0.02% max, 951, 960 Series) (:±:0.1% max, 943) 
Output Noise and Ripple: 
1 mV rms max 
Breakdown Voltage: 500 V dc min 
Input Filter Type: 'IT 
Operating Temperature 
Range: 
-25°C to +71°C 
Storage Temperature 
Range: -40°C to + 125°C 
Fusing: 
If input fusing is desired, we recommend the use of a 
slow blow type fuse that is rated at 150%-200% of the 
dc/dc converter's full load input current. 


SPECIFICATIONS 
- Typical @ +2SoC at nominal input voltage unless otherwise noted* 


Input' 
Output 
Output 
Input 
Voltage 
Input 
Output 
Temperature 
Efficiency 
Voltage 
Current 
Voltage 
Range 
Current 
Voltage 
Coefficient 
Full Load 
Dimensions 
Model 
Volts 
mA 
Volts 
Volts 
Full Load 
Error max 
rCmax 
min 
Inches 


943 
5 
1000 
5 
4.75/5.25 
l.52A 
:±:1% 
:±:0.02% 
62% 
2.0x2.0xO.38 
958 
5 
100 
5 
4.5/5.5 
200 mA 
:±:S% 
:±:0.01% (typ) 
50% 
1.2SxO.8xOo4 
941 
:±:12 
:±:lS0 
5 
4.75/5.25 
1.17A 
:±:1% 
:±:0.01% 
58% 
2.0x2.0xO.38 
960 
:±:12 
:±:40 
5 
4.5/5.5 
384mA 
:±:S% 
:±:0.01% (typ) 
50% 
1.2SxO.8xO.4 
962 
:±:15 
:±:33 
5 
4.5/5.5 
396 mA 
:±:S% 
:±:0.01% (typ) 
50% 
1.2SxO.8xOo4 
964 
:±:15 
:±:33 
12 
10.8113.2 
165 mA 
:±:S% 
:±:0.01% (typ) 
50% 
1.2sxO.8xOo4 
965 
:±:15 
:±:190 
5 
4.65/5.5 
1.7 A 
:±:1% 
:±:O.OOS%(typ) 
62% (typ) 
2.0x2.0xO.38 
966 
:±:IS 
:±:190 
12 
11.2113.2 
710 mA 
:±:I% 
:±:O.OOS%(typ) 
62% (typ) 
2.0x2.0xO.38 
967 
:±:IS 
:±:190 
24 
22.3/2604 
350 mA 
:±:I% 
:±:O.OOS%(typ) 
62% (typ) 
2.0x2.0xO.38 
949 
:±:lS 
:±:60** 
5 
4.65/5.5 
0.6 A 
:±:2% 
:±:0.03% 
58% 
2.0 x 1.0 x 0.375 
940 
:±:IS 
:±:lS0 
5 
4.75/5.25 
1.35 A 
:±:I% 
:±:0.01% 
62% 
2.0x2.0xO.38 
953 
:±:15 
:±:lS0 
12 
11/13 
0.6 A 
:±:O.S% 
:±:0.01% 
62% 
2.0x2.0xO.38 
945 
:±:IS 
:±:lS0 
28 
23/31 
250 mA 
:±:O.S% 
:±:0.01% 
61% 
2.0x2.0xO.38 
951 
:±:lS 
:±:410 
5 
4.65/5.5 
3.7 A 
:±:O.S% 
:±:0.01% 
62% 
3.5 x2.S xO.88 


NOTES 


'Models 940 and 941 will deliver up to 120 mA output current (and Model 943 will deliver up to 600 mAl over an input voltage range of 4.65 V de 
and 5.5 V de. 
*Consult Analog Devices Power Supplies Catalog for additional information. 


*·Single-ended or unbalanced operation is permissible such that total output current load does not exceed a total of 120 mA. 
Specifications subject to change without notice. 


Package Information 
Contents 


MIL-M38510 
ADI Letter 
PMI Letter 
Package 
Applicable 
Designator 
Designator 
Description 
Configuration 
Page 


Side Brazed DIP (Ceramic) 


D-14 
YB* 
14-Lead 
DI-3 
11-3 
D-16 
QB* 
16-Lead 
02-3 
11-4 
D-18 
XB* 
18-Lead 
D6-3 
11-5 
D-20 
RB* 
20-Lead 
D8-3 
11-6 
D-24 
VB* 
24-Lead 
03-3 
11-7 
D-24A 
24-Lead (Single Width) 
11-8 
D-28 
TB* 
28-Lead 
D1O-3 
11-9 
D-28A 
28-Lead 
11-10 
D-40 
4O-Lead 
11-11 
D-48 
48-Lead 
11-12 


'Special Order Only 


Side Brazed DIP for Hybrids (Ceramic) 


DH-14D 
14-Lead 
11-13 
DH-32B 
32-Lead (Skinny) 
11-14 
DH-32C 
32-Lead (Small Cavity) 
11-15 
DH-32D 
32-Lead (Medium Cavity) 
11-16 
DH-32F 
32-Lead (Large Cavity) 
11-17 


Bottom Brazed DIP (Ceramic) 


DH-14A 
14-Lead 
11-18 
DH-I4C 
14-Lead 
11-19 
DH-24B 
24-Lead 
11-20 
DH-32E 
32-Lead 
11-21 
DH-40A 
4O-Lead 
11-22 
DH-48A 
48-Lead 
11-23 


Metal Platform DIP 


M-40 
4O-Lead 
11-24 
M-46 
46-Lead 
11-25 


Leadless Chip Carrier (Ceramic) 


E-20A 
RC 
20-Terminal 
C-2 
11-26 
E-28A 
TC 
28-Terminal 
C-4 
11-27 
E-68A 
68-Terminal 
C-7 
11-28 


Plastic Quad Flatpack 


S-44 
44-Terminal 
11-29 


Metal Can 
a 
H-02A 
2-Lead 
11-30 
H-03A 
3-Lead (TO-52) 
11-31 
H-03B 
3-Lead (TO-5 Style) 
11-32 
H-08A 
J 
8-Lead (TO-99) 
11-33 
H-1OA 
K 
1O-Lead (TO-1DO) 
A-2 
11-34 


M1L-M38510 
ADI Letter 
PMI Letter 
Package 
Applicable 
Designator 
Designator 
Description 
Configuration 
Page 


Plastic DIP 


N-8 
P 
8-Lead 
11-35 


N-14 
P 
14-Lead 
11-36 


N-16 
P 
16-Lead 
11-37 


N-18 
P 
18-Lead 
11-38 


N-20 
P 
20-Lead 
11-39 


N-24 
P 
24-Lead (Narrow Body) 
11-40 


N-28 
P 
28-Lead 
11-41 


N-40A 
4O-Lead 
11-42 


Plastic Leaded Chip Carrier 
(pLCC) 


P-20A 
PC 
20-Lead 
11-43 


P-28A 
PC 
28-Lead 
11-44 
P-44A 
44-Lead 
11-45 


J-Leaded 
Chip Carrier 


J-28 
28-Lead 
11-46 


Cerdip 


Q-8 
Z 
8-Lead 
D4-1 
11-47 


Q-14 
Y 
14-Lead 
DI-I 
11-48 


Q-16 
Q 
16-Lead 
02-1 
11-49 


Q-18 
X 
18-Lead 
06-1 
11-50 
Q-20 
R 
20-Lead 
D8-1 
11-51 
Q-24 
W 
24-Lead (Narrow Body) 
03-1 
11-52 
Q-28 
T 
28-Lead 
DlO-l 
11-53 


Small Outline (SOIC) 


R-8 
8-Lead (Narrow Body) 
11-54 


S 
8-Lead (Narrow Body) 
11-55 
R-14 
S 
14-Lead (Narrow Body) 
11-56 
R-16 
16-Lead (Wide Body) 
11-57 
R-16A 
S 
16-Lead (Narrow Body) 
11-58 
R-20 
S 
20-Lead (Wide Body) 
11-59 
R-24 
S 
24-Lead (Wide Body) 
11-60 
R-28 
S 
28-Lead (Wide Body) 
11-61 


Plastic 


TO-92 
3-Lead 
11-62 


Leaded Chip Carrier (Gull Wing) 


Z-68 
68-Lead Leaded Chip Carrier (Ceramic) 
11-63 
Z-IOO 
lOO-Lead Leaded Chip Carrier (Ceramic) 
11-64 


Package Outline Dimensions 


D-14 
14·Lead Side Brazed Ceramic 
DIP 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.200 
5.08 
b 
0.014 
0.023 
0.36 
0.58 
6 
b, 
0.030 
0.070 
0.76 
1.78 
2,6 
c 
0.008 
0.015 
0.20 
0.38 
6 
D 
0.785 
19.94 
4 
E 
0.220 
0.310 
5.59 
7.87 
4 
E, 
0.290 
0.320 
7.37 
8.13 
e 
0.090 
0.110 
2.29 
2.79 
7 
L 
0.125 
0.200 
3.18 
5.08 
L, 
0.150 
3.81 
Q 
0.015 
0.060 
0.38 
1.52 
3 
S 
0.098 
2.49 
5 
S, 
0.005 
0.13 
5 


NOTES 
1. Index area; a noteh or a lead one identitic:etion mark 
Is loc:eted adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 
(O.58mmlfor all four eorner leads only. 


3. Dimension Q shall be measured from the seating plane 
to the ba•• plane. 


4. This dimension allows for off·center lid, meniscus 
and glass overrun. 


5. Applies to all four eorners. 
6. Allleads - increa•• maximum limit by 0.003" (0.08mml 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 


7. Twelve spaces. 
• 


D-16 
16-Lead Side Brazed Ceramic 
DIP 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.200 
5.08 


b 
0.014 
0.023 
0.36 
0.58 
6 
b, 
0.030 
0.070 
0.76 
1.78 
2,6 


c 
0.008 
0.015 
0.20 
0.38 
6 
D 
0.840 
21.34 
4 


E 
0.220 
0.310 
5.59 
7.87 
4 


E, 
0.290 
0.320 
7.37 
8.13 


e 
0.090 
0.110 
2.29 
2.79 
7 


L 
0.125 
0.200 
3.18 
5.08 


L, 
0.150 
3.81 


Q 
0.015 
0.060 
0.38 
1.52 
3 


S 
0.080 
2.03 
5 


S, 
0.005 
0.13 
5 


fl 
I-E,-1 


NOTES 
1. Index area; a notch 
or a lead one identification 
mark 
is located 
adjacent 
to lead one. 


2. The minimum 
limit 
for dimension 
b, may be 0.023" 


10.58mml 
for all four 
corner 
leads only. 


3. Dimension 
Q shall be measured 
from the seating 
plane 
to the base plane. 


4. This dimension 
allows 
for off-center 
lid, meniscus 
and glass overrun. 


5. Applies 
to all four 
corners. 


6. All leads - increase 
maximum 
limit 
by 0.003" 10.08mml 
measured 
at the center 
of the flat, when 
hot solder 
dip lead finish 
is applied. 


7. Fourteen 
spaces. 


D·18 
I8·Lead 
Side Brazed Ceramic 
DIP 
D 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.200 
5.08 
b 
0.014 
0.023 
0.36 
0.58 
6 
b, 
0.030 
0.070 
0.76 
1.78 
2,6 
c 
0.008 
0.015 
0.20 
0.38 
6 
D 
0.960 
24.38 
4 
E 
0.220 
0.310 
5.59 
7.87 
4 
E, 
0.290 
0.320 
7.37 
8.13 
e 
0.090 
0.110 
2.29 
2.79 
7 
L 
0.125 
0.200 
3.18 
5.08 
L, 
0.150 
3.81 


Q 
0.015 
0.060 
0.38 
1.52 
3 
S 
0.098 
2.49 
5 
S, 
0.005 
0.13 
5 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 


2. The minimum limit for dimension b, may be 0.023" 


(O.58mmlfor all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 
to the base plane. 


4. This dimension allows for off-center lid, meniscus 
and glass overrun. 
5. Applies to all four corners. 
6. Allleads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 


7. Sixteen spaces. 
a 


D-20 
20-Lead 
Side Brazed Ceramic 
DIP 


~--D 
.1 
~~~-t~J-L4 


b-.ll- 
-Ie I- 
b, 


SEE 
NOTE 1" 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.200 
5.08 


b 
0.014 
0.023 
0.36 
0.58 
6 


b, 
0.030 
0.070 
0.76 
1.78 
2,6 


c 
0.008 
0.015 
0.20 
0.38 
6 


D 
1.060 
26.92 
4 


E 
0.220 
0.310 
5.59 
7.87 
4 


E, 
0.290 
0.320 
7.37 
8.13 


e 
0.090 
0.110 
2.29 
2.79 
7 


L 
0.125 
0.200 
3.18 
5.08 


L, 
0.150 
3.81 
Q 
0.015 
0.060 
0.38 
1.52 
3 


S 
0.080 
2.03 
5 


S, 
0.005 
0.13 
5 


I--- E, ---.l 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located 
adjacent 
to lead one. 


2. The minimum 
limit 
for dimension 
b, may be 0.023" 


(O.58mm) for all four corner 
leads only. 


3. Dimension 
Q shall be measurad 
from the seating 
plane 
to the base plane. 


4. This dimension 
allows 
for off-center 
lid, meniscus 
and glass overrun. 


5. Applies 
to all four corners. 


6. All leads - increase maximum 
limit 
by 0.003" (O.08mm) 


measured 
at the center of the flat, when 
hot solder 
dip lead finish 
is applied. 


7. Eighteen 
spaces. 


D-24 
24-Lead 
Side Brazed Ceramic 
DIP 


., t-- s, 


SEE 
NOTE 1" 


INCHES 
MILUMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.225 
5.72 
b 
0.014 
0.023 
0.36 
0.58 
6 
b, 
0.030 
0.070 
0.76 
1.78 
2,6 
c 
0.008 
0.015 
0.20 
0.38 
6 
D 
1.290 
32.77 
4 
E 
0.500 
0.610 
12.70 
15.49 
4 
E, 
0.590 
0.620 
14.99 
15.75 
e 
0.090 
0.110 
2.29 
2.79 
7 
L 
0.120 
0.200 
3.05 
5.08 
L, 
0.150 
3.81 
Q 
0.015 
0.075 
0.38 
1.91 
3 
S 
0.098 
2.49 
5 
S, 
0.005 
0.13 
5 


E,--~ 


NOTES 
1. Index area; 
a notch 
or a lead one identification 
mark 
is located 
adjacent 
to lead one. 


2. The minimum 
limit for dimension 
b, may be 0.023" 


10.58mm) 
for all four corner 
leads 
only. 


3. Dimension 
Q shall be measured 
from the seating 
plane 
to the 
base 
plane. 


4. This dimension 
allows 
for off-center 
lid, meniscus 
and glass 
overrun. 


5. Applies 
to all four corners. 


6. All leads - increase 
maximum 
limit by 0.003" 10.08mml 
measured 
at the center 
of the flat, when 
hot solder 
dip lead finish 
is applied. 


7. Twenty-two 
spaces. 
&I 


D-24A 
24-Lead 
Side Brazed Ceramic 
DIP (Single Width) 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.200 
5.08 


b 
0.014 
0.023 
0.36 
0.58 
6 


b, 
0.030 
0.070 
0.76 
1.78 
2,6 


c 
0.008 
0.015 
0.20 
0.38 
6 


D 
1.280 
32.51 
4 


E 
0.220 
0.310 
5.59 
7.87 
4 


E, 
0.290 
0.320 
7.37 
8.13 


e 
0.090 
0.110 
2.29 
2.79 
7 


L 
0.125 
0.200 
3.18 
5.08 


L, 
0.150 
3.81 


Q 
0.015 
0.060 
0.38 
1.52 
3 


S 
0.098 
2.49 


S, 
0.005 
0.13 
5 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located 
adjacent 
to lead one. 


2. The minimum 
limit 
for dimension 
b, may be 0.023" 


(0.58mml 
for all four corner 
leads only. 


3. Dimension 
Q shall be measured 
from the seating 
plane 
to the base plane. 


4. This dimension 
allows 
for off-center 
lid, meniscus 
and glass overrun. 


5. Applies 
to all four corners. 


6. All leads - increase maximum 
limit 
by 0.003" (0.08mm) 
measured 
at the center of the flat, when 
hot solder 
dip lead finish 
is applied. 


7. Twenty-two 
spaces. 


D-28 
28·Lead 
Side Brazed Ceramic 
DIP 


-11-5, 


28 


SEE 
NOTE'" 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.225 
5.72 


b 
0.014 
0.026 
0.36 
0.66 
6 


b, 
0.030 
0.070 
0.76 
1.78 
2,6 


c 
0.008 
0.018 
0.20 
0.46 
6 


D 
1.490 
37.85 
4 


E 
0.500 
0.610 
12.70 
15.49 
4 


E, 
0.590 
0.620 
14.99 
15.75 


e 
0.090 
0.110 
2.29 
2.79 
7 


L 
0.125 
0.200 
3.18 
5.08 


L, 
0.150 
3.81 
0 
0.015 
0.060 
0.38 
1.52 
3 


S 
0.100 
2.54 
5 


S, 
0.005 
0.13 
5 


r--E 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located adjacent to lead one. 


2. The minimum 
limit for dimension 
b, may be 0.023" 


10.58mml for all four corner leads only. 


3. Dimension 0 shall be measured from the seating plane 
to the base plane. 


4. This dimension 
allows for off-center 
lid, meniscus 
and glass overrun. 


5. Applies to all four corners. 


6. All leads - increase maximum 
limit by 0.003" 10.08mml 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 


7. Twenty-six 
spaces. 
• 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.200 
5.08 
b 
0.014 
0.023 
0.36 
0.58 
6 
b, 
0.030 
0.070 
0.76 
1.78 
2,6 


c 
0.008 
0.015 
0.20 
0.38 
6 


D 
1.480 
37.59 
4 


E 
0.220 
0.310 
5.59 
7.87 
4 


E, 
0.290 
0.320 
7.37 
8.13 


e 
0.090 
0.110 
2.29 
2.79 
7 


L 
0.125 
0.200 
3.18 
5.08 


L, 
0.150 
3.81 


Q 
0.015 
0.060 
0.38 
1.52 
3 


S 
0.098 
2.49 


S, 
0.005 
0.13 
5 


NOTES 
1. Index area; 
a notch 
or a lead one identification 
mark 
is located 
adjacent 
to lead one. 


2. The minimum 
limit 
for dimension 
b, may be 0.023" 


(0.58 mm) for all four 
corner 
leads only. 


3. Dimension 
Q shall 
be measured 
from 
the seating 
plane 
to the base plane. 


4. This dimension 
allows 
for off-center 
lid, meniscus 
and 
glass overrun. 


5. Applies 
to all four 
corners. 


6. All leads-increase 
maximum 
limit 
by 0.003" 10.08 mm) 
measured 
at the center 
of the flat, 
when 
hot 
solder 
dip 
lead finish 
is applied. 


7. Twenty-six 
spaces. 


D-40 
40-Lead 
Side Brazed Ceramic 
DIP 


SEE 
NOTE, 
" 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.225 
5.72 


b 
0.014 
0.023 
0.36 
0.58 
6 


b, 
0.030 
0.070 
0.76 
1.78 
2,6 


c 
0.008 
0.015 
0.20 
0.38 
6 
0 
2.096 
53.24 
4 


E 
0.590 
0.620 
12.95 
15.75 
4 


E, 
0.520 
0.630 
13.21 
16.00 
e 
0.090 
0.110 
2.29 
2.79 
7 


L 
0.125 
0.200 
3.18 
5.08 


L, 
0.150 
3.81 
a 
0.015 
0.060 
0.38 
1.52 
3 


S 
0.098 
2.49 
5 


S, 
0.005 
0.13 
5 


NOTES 
1. Index area; 
a notch 
or a lead one identification 
mark 
is located 
adjacent 
to lead one. 


2. The minimum 
limit for dimension 
b, may be 0.023" 


10.58mml 
for all four corner 
leads 
only. 


3. Dimension a shall be measured 
from the seating 
plane 
to the 
base 
plane. 


4. This dimension 
allows 
for off-center 
lid, meniscus 
and glass 
overrun. 
5. Applies 
to all four corners. 


6. All leads - increase 
maximum 
limit by 0.003" (0.08mm) 
measured 
at the center 
of the flat, when 
hot solder 
dip lead finish 
is applied. 


7. Thirty-eight 
spaces. 


II 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.225 
5.72 


b 
0.014 
0.023 
0.36 
0.58 
6 


b, 
0.030 
0.070 
0.76 
1.78 
2,6 


c 
0.008 
0.015 
0.20 
0.38 
6 


D 
2.376 
2.424 
60.351 
61.569 
4 


E 
0.59 
0.62 
12.95 
15.75 
4 


E, 
0.52 
0.63 
13.21 
16.00 


e 
0.090 
0.110 
2.29 
2.79 
7 


L, 
0.150 
3.81 


Q 
0.015 
0.060 
0.38 
1.52 
3 


NOTES 
1. Index 
area; 
a notch 
or a lead one identification 
mark 
is 
located 
adjacent 
to lead one. 


2. The minimum 
limit 
for dimension 
b, may be 0.023" 


(0.58 mm) 
for all four 
corner 
leads only. 


3. Dimension 
Q shall 
be measured 
from 
the seating 
plane 
to the 
base plane. 


4. This dimension 
allows 
for off-center 
lid, meniscus 
and 
glass overrun. 


5. Applies 
to all four 
corners. 


6. All leads - increase 
maximum 
limit 
by 0.003" (0.08 mml 


measured 
at the center 
of the flat, 
when 
hot 
solder 
dip 
lead finish 
is applied. 


7. Forty-six 
spaces. 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.175 
0.200 
4.45 
5.08 


b 
0.016 
0.020 
0.41 
0.51 


b, 
0.035 
0.048 
0.89 
1.22 


c 
0.009 
0.012 
0.23 
0.30 


D 
0.780 
0.800 
19.81 
20.32 


E 
0.270 
0.330 
6.86 
8.38 


E, 
0.290 
0.310 
7.37 
7.87 
3 


E2 
0.298 
7.57 


e 
0.095 
0.105 
2.41 
2.67 
4 


L 
0.145 
3.68 


L, 
0.180 
4.57 


Q 
0.015 
0.035 
0.38 
0.89 
2 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located adjacent to lead one. 


2. Dimension Q shall be measured 
from the seating 
plane 
to the base plane. 


3. E, shall be measured 
at the centerline 
of the leads. 


4. Twelve spaces. 


• 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.230 
5.84 


b 
0.016 
0.020 
0.41 
0.51 


b, 
0.045 
0.055 
1.14 
1.40 


c 
0.009 
0.012 
0.23 
0.30 


D 
1.584 
1.640 
40.23 
41.66 


E 
0.580 
0.605 
14.73 
15.37 


E, 
0.590 
0.610 
14.99 
15.49 
5 


e 
0.100 BSC 
2.54 BSC 
3.6 


L 
0.120 
3.05 


L, 
0.180 
4.57 


Q 
0.040 
0.060 
1.02 
1.52 
2 


S 
0.080 
2.03 
4 


S, 
0.005 
0.13 
4 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located adjacent 
to lead one. 


2. Dimension 
Q shall be measured 
from the seating 
plane 
to the base plane. 


3. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. 


4. Applies to all four corners. 


5. E, shall be measured 
at the centerline 
of the leads. 


6. Thirty spaces. 


DH-32C 


32-Lead Side Brazed Ceramic DIP for Hybrid (Small Cavity) 


SEE 
NOTE'" 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.280 
7.11 
b 
0.016 
0.020 
0.41 
0.51 
b, 
0.035 
0.055 
0.89 
1.40 


c 
0.009 
0.012 
0.23 
0.30 


D 
1.620 
41.15 


E 
0.870 
0.910 
22.10 
23.11 


E, 
0.890 
0.930 
22.61 
23.62 
5 


e 
0.100 BSC 
2.54 BSC 
3,6 


L 
0.120 
3.05 


L, 
0.180 
4.57 


Q 
0.040 
0.060 
1.02 
1.52 
2 


S 
0.098 
2.49 
4 


S, 
0.005 
0.13 
4 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located adjacent 
to lead one. 


2. Dimension 
Q shall be measured 
from the seating 
plane 
to the base plane. 


3. The basic pin spacing 
is 0.100" (2.54 mm) between 
centerlines. 


4. Applies to all four corners. 


5. E, shall be measured 
at the centerline 
of the leads. 


6. Thirty spaces. 
II 


SEE 
NOTE 
1 
'" 


INCHES 
MilliMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.280 
7.11 


b 
0.016 
0.020 
0.41 
0.51 


b, 
0.035 
0.055 
0.89 
1.40 
2 


c 
0.009 
0.012 
0.23 
0.30 


D 
1.616 
41.05 


E 
0.870 
0.910 
22.10 
23.11 


E, 
0.890 
0.930 
22.61 
23.62 
6 


e 
0.100 BSC 
2.54 BSC 
4, 7 


l 
0.120 
3.05 


l, 
0.180 
4.57 


Q 
0.040 
0.060 
1.02 
1.52 
3 


S 
0.098 
2.49 
5 


S, 
0.005 
0.13 
5 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 


(0.58 mm) for all four corner leads only. 


3. Dimension Q shall be measured from the seating plane 
to the base plane. 
4. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. 


5. Applies to all four corners. 
6. E, shall be measured at the centerline of the leads. 
7. Thirty spaces. 


SEE 


NOT 
I- 
E 
-l 
~~:tmmrmTIriMTI-hI~---+ 
L 
'--I~ 
--I•~ 
Jl,. --.l~ 
E, 
C 
_I 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.230 
5.84 


b 
0.016 
0.020 
0.41 
0.51 


b, 
0.045 
0.055 
1.14 
1.40 
2 


c 
0.009 
0.012 
0.23 
0.30 


D 
1.584 
1.640 
40.23 
41.66 


E 
0.880 
0.905 
22.35 
22.99 


E, 
0.890 
0.910 
22.61 
23.11 
6 


e 
0.100 BSC 
2.54 BSC 
4,7 


L 
0.120 
3.05 


L, 
0.180 
4.57 
a 
0.040 
0.060 
1.02 
1.52 
3 


S 
0.080 
2.09 
5 


S, 
0.005 
0.13 
5 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 


(0.58 mm) for all four corner leads only. 
3. Dimension a shall be measured from the seating plane 
to the base plane. 
4. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. 


5. Applies to all four corners. 
~ 
6. E, shall be measured at the centerline of the leads. 
••• 
7. Thirty spaces. 


0---_1 
Q 


- --h-~ 
~J~sl 
+' 


SEE 
NOTE' ••••••• 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.200 
5.08 


b 
0.014 
0.023 
0.36 
0.58 


b, 
0.030 
0.070 
0.76 
1.78 


c 
0.008 
0.015 
0.20 
0.38 


D 
0.805 
20.45 


E 
0.480 
0.505 
12.19 
12.83 


E, 
0.290 
0.320 
7.37 
8.13 
5 


e 
0.100 BSC 
2.54 BSC 
3,6 


L 
0.145 
3.68 


L, 
0.180 
4.57 


Q 
0.015 
0.035 
0.38 
0.89 
2 


S 
0.098 
2.49 
4 


S, 
0.005 
0.13 
4 


l- E,---I 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 
2. Dimension Q shall be measured from the seating plane 
to the base plane. 
3. The basic pin spacing is 0.100" 12.54 mm) between 
centerlines. 


4. Applies to all four corners. 
5. E, shall be measured at the centerline of the leads. 
6. Twelve spaces. 


r~E 


Q 


'j~-r1 
I- 
-Is\- 


b, ••• 


INCHES 
MilLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.140 
0.200 
3.56 
5.08 


b 
0.014 
0,023 
0.36 
0.58 


b, 
0.030 
0,070 
0.76 
1,78 
2 


c 
0.008 
0,015 
0,20 
0,38 


0 
0,770 
0.810 
19.56 
20,57 


E 
0,480 
0.510 
12.19 
12,95 


E, 
0.295 
0,305 
7.49 
7,75 
6 


e 
0.100 BSC 
2.54 BSC 
4, 7 


l 
0.145 
3,68 


l, 
0,180 
4.57 


Q 
0.015 
0,035 
0.38 
0.89 
3 


S 
0,137 
3.48 
5 


S, 
0,060 
1,52 
5 


!-E, --l 


NOTES 
1, Index area; a notch or a lead one identification mark 
is located adjacent to lead one, 


2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only, 
3. Dimension Q shall be measured from the seating plane 
to the base plane. 


4. The basic pin spacing is 0.100w (2.54 mm) between 
centerlines. 


5. Applies to all four corners, 
6, E, shall be measured at the centerline of the leads. 
7. Twelve spaces. 
a 


DO-24B 
24-Lead Bottom Brazed Ceramic DIP 


I- 
0 
-I 
l---E 
-\ 
~~=-hemm=mmJJ-l--t11--·T 


-Is,~ 
b..jj.- 
~ 
e I-- 
b, 
..j S~ 
1-_ 
- 
E,--_I 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.290 
7.37 


b 
0.014 
0.023 
0.36 
0.58 


b, 
0.030 
0.070 
0.76 
1.78 
2 


c 
0.008 
0.015 
0.20 
0.38 


D 
1.320 
33.53 


E 
0.770 
0.810 
19.56 
20.57 


E, 
0.580 
0.620 
14.73 
15.75 
6 


e 
0.100 BSC 
2.54 BSC 
4, 7 


L 
0.145 
3.68 


L, 
0.180 
4.57 
a 
0.015 
0.035 
0.38 
0.89 
3 


S 
0.105 
2.67 
5 


S, 
0.005 
0.13 
5 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located 
adjacent 
to lead one. 


2. The minimum 
limit for dimension 
b, may be 0.023" 


(0.58 mm) for all four corner 
leads only. 
3. Dimension a shall be measured 
from the seating 
plane 
to the base plane. 


4. The basic pin spacing 
is 0.100" 12.54 mm) between 
centerlines. 
5. Applies to all four corners. 
6. E, shall be measured 
at the centerline 
of the leads. 


7. Twenty-two 
spaces. 


DH-32E 
32·Lead Bottom Brazed Ceramic DIP 


~-' 
.~ 


~--E, 
~ 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.225 
5.72 


b 
0.014 
0.023 
0.36 
0.58 


b, 
0.030 
0.070 
0.76 
1.78 
2 


c 
0.008 
0.015 
0.20 
0.38 


D 
1.750 
44.45 


E 
1.075 
1.105 
27.31 
28.07 


E, 
0.890 
0.910 
22.61 
23.11 
6 


e 
0.100 BSC 
2.54 BSC 
4, 7 


L 
0.145 
3.68 


L, 
0.180 
4.57 


Q 
0.015 
0.035 
0.38 
0.89 
3 


S 
0.120 
3.05 
5 


S, 
0.005 
0.13 
5 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located adjacent 
to lead one. 


2. The minimum 
limit for dimension 
b, may be 0.023" 


10.58 mm) for all four corner leads only. 


3. Dimension 
Q shall be measured 
from the seating 
plane a 
to the base plane. 


4. The basic pin spacing 
is 0.100" (2.54 mm) between 
centerlines. 


5. Applies to all four corners. 
6. E, shall be measured 
at the centerline 
of the leads. 


7. Thirty spaces. 


DH-40A 
40-Lead Bottom Brazed Ceramic DIP 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.225 
5.72 


b 
0.014 
0.023 
0.36 
0.58 


b, 
0.030 
0.050 
0.76 
1.27 
2 


c 
0.008 
0.015 
0.20 
0.38 


D 
2.120 
53.85 


E 
0.770 
0.810 
19.56 
20.57 


E, 
0.580 
0.620 
14.73 
15.75 
6 


e 
0.100 BSC 
2.54 BSC 
4. 7 


L 
0.145 
3.68 


L, 
0.180 
4.57 


Q 
0.015 
0.035 
0.38 
0.89 
3 


S 
0.098 
2.49 
5 


S, 
0.005 
0.13 
5 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 


2. The minimum limit for dimension b, may be 0.023" 


(0.58 mm) for all four corner leads only. 


3. Dimension Q shall be measured from the seating plane 
to the base plane. 
4. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. 


5. Applies to all four corners. 
6. E, shall be measured at the centerline of all the leads. 
7. Thirty-eight spaces. 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.177 
0.233 
4.50 
5.92 


b 
0.016 
0.020 
0.41 
0.51 


b, 
0.30 
0.050 
0.76 
1.27 
2 


c 
0.009 
0.012 
0.23 
0.30 


D 
2.450 
2.500 
62.23 
63.50 


E 
1.287 
1.313 
32.69 
33.35 


E, 
0.990 
1.010 
25.15 
25.65 
6 


e 
0.100 BSC 
2.54 BSC 
4, 7 


L 
0.145 
0.200 
3.68 
5.08 


L, 
0.180 
4.57 


Q 
0.015 
0.035 
0.38 
0.89 
3 


S 
0.098 
2.49 
5 


S, 
0.005 
0.13 
5 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 


2. The minimum limit for dimension b, may be 0.023" 


10.54 mm) for all four corner leads only. 


3. Dimension Q shall be measured from the seating plane 
to the base plane. 


4. The basic pin spacing is 0.100" 12.54 mm) between 
centerlines. 
5. Applies to all four corners. 
6. E, shall be measured at the centerline of the leads. 
7. Forty-six spaces. 
II 


M-40 
40·Lead Metal Platform 
DIP 


SEE 
NOTE' 
" 


I- 
E 
~ 
l--E-,-Il 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 
A 
0.19 
4.83 
b 
0.020 
0.51 
D 
2.145 
54.483 
D, 
1.894 
1.906 
48.108 
48.412 


E 
1.145 
29.083 
E, 
0.880 
0.920 
22.352 
23.368 
3 


e 
0.098 
0.102 
2.49 
2.59 
4 
L, 
0.240 
6.09 


S 
0.115 
0.135 
2.92 
3.43 
2 
S, 
0.115 
0.135 
2.92 
3.43 
2 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located adjacent 
to lead one. 
2. Applies to all four corners. 
3. E, shall be measured 
at the centerline 
of the leads. 


4. Thirty-eight 
spaces. 


M-46 
46-Lead Metal Platform 
DIP 


Q 
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INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 
A 
0.231 
5.86 
b 
0.016 
0.020 
0.410 
0.510 
0 
2.380 
60.452 
0, 
2.194 
2.206 
55.728 
56.032 


E 
1.580 
40.132 
E, 
1.280 
1.320 
32.512 
33.528 
3 
e 
0.098 
0.102 
2.49 
2.59 
4 
L, 
0.210 
5.334 


Q 
0.055 
0.065 
1.397 
1.651 
S 
0.080 
0.100 
2.032 
2.54 
2 
S, 
0.130 
0.150 
3.302 
3.81 
2 


NOTES 
1. Index area; a notch 
or a lead one identification 
mark 
is located 
adjacent 
to lead one. 


2. Applies 
to all four 
corners. 


3. E, shall be measured 
at the centerline 
of the leads. 


4. Forty-four 
spaces. 
• 


E-20A 
20·Terminal 
Leadless 
Ceramic 
Chip Carrier 


BOTTOM 
VIEW 


(h x 45°) .LI 
-1r 
450) 


3PLACES TT 
IT 
JX 
~D-1 
[][[[fl]]l 


INCHES 
MILUMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.064 
0.100 
1.63 
2.54 
1 


B, 
0.022 
0.028 
0.56 
0.71 
D 
0.342 
0.358 
8.69 
9.09 
2 
D, 
0.075 REF 
1.91 REF 
e 
O.05OBSC 
1.27BSC 


j 
0.020 REF 
0.51 
h 
0.040 REF 
1.02 


L 
0.045 
0.055 
1.14 
1.40 


NOTES 
. 


1. Dimension A controls the overall package thickness. 
2. Applies to all 4 sides. 
3. All terminals are gold plated. 


E-28A 
28-Terminal 
Leadless 
Ceramic 
Chip Carrier 


.L 


er 


-.l 
tB, 


IhX45o)L 
-L 
3 PLACES 
I 
I 
Iix 45°) 
'f 
0 
p 
0ffHEJmE]] 1 


INCHES 
MllUMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.064 
0.100 
1.63 
2.54 
1 


B, 
0.022 
0.028 
0.56 
0.71 
0 
0.442 
0.458 
11.23 
11.63 
2 
0, 
0.075 REF 
1.91 REF 
e 
O.05OBSC 
1.27BSC 
i 
0.020 REF 
0.51 
h 
0.040 REF 
1.02 


l 
0.045 
0.055 
1.14 
I 1.40 


NOTES 
1. Dimension A controls the overall package thickness. 
2. Applies to all 4 sides. 
3. All terminals are gold platad. 
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.L 
et 
" 
NO.1 PIN INDEX 


(hx45°) L 
--l. 


3 PLACES IT 
It Ij x 45°) 
r-- 
D--1 
j 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A, 
0.065 
0.103 
1.65 
2.62 
1 


B 
0.020 
0.030 
0.51 
0.76 


D 
0.940 
0.965 
23.88 
24.51 
2 


e 
0.045 
0.055 
1.14 
1.40 


h 
O.04OTYP 
1.02TYP 


j 
0.020TYP 
0.51TYP 


L2 
0.045 
0.055 
1.14 
1.40 


NOTES 
1. Dimension 
controls the overall package thickness. 


2. Applies to all 4 sides. 


3. All terminals 
are gold plated. 


-0- 
b 


INCHES 
MilLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 


A 
0.096 
2.44 


b 
0.012 
0.016 
0.30 
0.41 


A3 
0.077 
0.083 
1.96 
2.11 


A, 
0.032 
0.040 
0.81 
1.02 


0 
0.546 
0.548 
13.875 
13.925 


A2 
0.032 
0.040 
0.81 
1.02 


0, 
0.390 
0.398 
9.91 
10.11 


e 
0.029 
0.033 
0.74 
0.84 
l 
0.025 
0.037 
0.64 
0.94 


'" 
0.8 
8.0· 
a 


H-02A 
2-Lead Metal Can 


INCHES 
MilLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.125 
0.150 
3.17 
3.81 
<l>b 
0.015 
0.019 
0.38 
0.48 
2 


cbO 
0.209 
0.230 
5.31 
5.84 


<1>0, 
0.178 
0.195 
4.52 
4.95 


e, 
0.100BSC 
2.54BSC 
1 


k 
0.036 
I 0.045 
0.91 I 
1.17 


k, 
0.028 
I 
0.048 
0.71 I 
1.22 


l 
0.500 
I 0.750 
12.70 I 
19.05 
•• 
45°BSC 
45°BSC 
1 


NOTES 
1. leads 
having 
maximum 
diameter 
0.019" (O.48mm) 
measured 
in gauging 
plane 0.54" (1.37mml 
+ 0.001" 


(0.03mml 
- 
0.000" (O.OOmml below 
the seating 
plane 
of the device are within 
0.007" (0.18mml 
of their 
true 
positions 
relative 
to the maximum-width 
tab. 


2. All leads - increase maximum 
limit 
by 0.003" (0.08mml 
when 
hot solder dip finish 
is applied. 


H-03A 
3-Lead Metal Can (TO-52) 


..T 
I 
=====--1 
:::oJ 
cl>D, 
I 
I 
lJ 
1\-1 - 


F-I I- 
cl>b2 
"'b 


INCHES 
MILUMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.115 
0.150 
2.92 
3.81 
cl>b 
0.021 
0.53 
1,4 
cl>~ 
0.016 
0.019 
0.41 
0.48 
1,4 
cl>D 
0.209 
0.230 
5.31 
5.84 
cl>D, 
0.178 
0.195 
4.52 
4.95 
e 
0.100T.P. 
2.54T.P. 
2 
e, 
O.05OT.P. 
1.27T.P. 
2 
F 
0.030 
0.76 
j 
0.036 
0.046 
0.91 
1.17 
k 
0.028 
0.048 
0.71 
1.22 
3 
L 
0.500 
12.70 
1 
L, 
0.050 
1.27 
1 
L2 
0.250 
6.35 


Cl 
45°T.P. 


NOTES 
1. lThree Leeds) cl>~epplies between 
L, end L2• cl>bepplies 
between 
L2 end 0.5" 112.70mm) from seeting 
plene. 


Diemeter 
is uncontrolled 
in L, end beyond 
0.5" 


l12.70mml 
from seeting 
plene. 


2. Leeds heving meximum 
diemeter 
0.019" 10.48mm) 
meesured 
in geuging 
plene 0.054"l1.4mml 
+ 0.001" 


lO.03mm) - 0.000" 10.OOmml below the seeting 
plene 
of the device ere within o.oor 10.18mm) of their true 
positions 
reletive to e meximum-width 
teb. 


3. Meesured 
from maximum 
die meter of the ectuel 
device. 
4. All leeds - increese 
maximum 
limit by 0.003" 10.08mm) 
when hot solder dip finish is epplied. 
&I 


H-03B 
3·Lead Metal Can (TO.5 Style) 


..fill 
c 
-r 
h-l j.- 


P 
a-l 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.165 
0.185 
4.19 
4.70 
cl>b 
0.016 
0.021 
0.41 
0.53 
2,7 
cl>b. 
0.016 
0.019 
0.41 
0.48 
2,7 
cl>D 
0.335 
0.370 
8.51 
9.40 
cl>D, 
0.305 
0.335 
7.75 
8.51 
e 
0.200T.P. 
5.08T.P. 
4 
e, 
O.l00T.P. 
2.54T.P. 


h 
0.015 
0.035 
0.38 
0.89 


j 
0.028 
0.034 
0.71 
0.86 


k 
0.029 
0.045 
0.74 
1.14 
3 
L 
0.500 
12.70 
2 
L, 
0.050 
1.27 
2 
L. 
0.250 
6.35 
2 
P 
0.100 
2.54 
1 
a 
5 
r 
0.007 
0.18 


(l 
45°T.P. 


NOTES 
1. This zone is controlled for automatic handling. The 
variation in actual diameter within the zone shall not 
exceed 0.010" (0.25mml. 
2. (Three leads Icl>b.applies between L, and L•. cl>bapplies 
between L. and 0.500" (12.70mm) from seating plane. 
Diameter is uncontrolled in L, and beyond 0.500" 
/12.70mm) from seating plane. 


3. Measured from maximum diameter of the actual 


device. 


4. Leads having maximum diameter 0.019" (O.48mm) 
measured in gauging plane 0.54" (1.37mm) + 0.001" 
/0.03mm) - 0.000" (O.OOmm)below the seating plane 
of the device are within 0.007" 10.18mm) of their true 
positions relative to the maximum-width tab. 


5. Details of outline in this zone optional. 
6. Lead #3 connected to case. 
7. Allleads - increase maximum limit by 0.003"10.08mml 


when hot solder dip finish is applied. 


H-OSA 
8·Lead Metal Can (TO·99) 
IAiflEP~NE 
In' 
~> 
+D 
I 
_1 
_ 
llL- : .=! 
\ 
F~\ 
~ 


Q 
1:= SEATING PLANE 


INCHES 
MILUMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.165 
0.185 
4.19 
4.70 
+b 
0.016 
0.019 
0.41 
0.48 
1,4 
+b, 
0.016 
0.021 
0.41 
0.53 
1,4 
+D 
0.335 
0.370 
8.51 
9.40 
+D, 
0.305 
0.335 
7.75 
8.51 
+D2 
0.110 
0.160 
2.79 
4.06 
• 
O.200BSC 
5.08BSC 
3 
., 
0.100BSC 
2.54BSC 
3 
F 
0.040 
1.02 
k 
0.027 
0.034 
0.69 
0.86 
k, 
0.027 
0.045 
0.69 
1.14 
L 
0.500 
0.750 
12.70 
19.05 
L, 
0.050 
1.27 
L2 
0.250 
6.35 


Q 
0.010 
0.045 
0.25 
1.14 
a 
45°BSC 
45°BSC 
3 


NOTES 
1. (All leads) cl>bapplies 
between 
L, and L2. +b, 
applies 
between 
L2 and 0.500" (12.70mml from the reference 
plane. Diameter 
is uncontrolled 
in L, and beyond 0.500" 


(12.70mm) from the reference 
plane. 


2. Measured 
from the maximum 
diameter 
of the 
product. 


3. Leads having a maximum 
diameter 
0.019" (O.48mm) 
mea sued in gauging 
plane 0.054" (1.37mm) + 0.001" 


(0.03mm) 
- 
0.000" (O.OOmm)below the base plane of 
the product 
are within 0.007" (0.18mml of their true 
position 
relative to the maximum 
width tab. 


4. All leads - increase 
maximum 
limit 0.003" (0.08mml 
when 
hot solder dip finish is applied. 
a 


H-IOA 
IO-Lead 
Metal 
Can (TO-IOO) 
r'~ll' 


1r 
!! 
i-i'l 
~ 
1lb: 
11\ 
1\ 


F~ 
cl>b 
cl>b, 


Q 
!:= SEATING PLANE 


INCHES 
MIWMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.165 
0.185 
4.19 
4.70 
cl>b 
0.016 
0.019 
0.41 
0.48 
1,4 
cl>b, 
0.016 
0.021 
0.41 
0.53 
1,4 


cl>D 
0.335 
0.370 
8.51 
9.40 


cl>D, 
0.305 
0.335 
7.75 
8.51 
cl>D2 
0.110 
0.160 
2.79 
4.06 


e 
O.230BSC 
5.84BSC 
3 


e, 
0.115BSC 
2.92BSC 
3 
F 
0.040 
1.02 
k 
0.027 
0.034 
0.69 
0.86 
k, 
0.027 
0.045 
0.69 
1.14 
2 


L 
0.500 
0.750 
12.70 
19.05 
1 


L, 
0.050 
1.27 
1 


L2 
0.250 
6.35 
1 
Q 
0.010 
0.045 
0.25 
1.14 


Cl 
36"BSC 
36"BSC 
3 


NOTES 
1. (Three Leads) cl>b2applies between 
L, and L2• cl>bapplies 
between 
L2 and 0.5"112.70mm) 
from 
seating 
plane. 
Diameter 
is uncontrolled 
in L, and beyond 
0.5" 


(12.70mm) 
from 
seating 
plane. 


2. Leads having 
maximum 
diameter 
0.019" (O.48mm) 
measured 
in gauging 
plane O.054"I1.4mm) 
+ 0.001" 


(0.03mm) 
- 
0.000" (O.oomm) below 
the seating 
plane 
of the device 
are within 
0.007" (0.18mm) 
of their 
true 
positions 
relative 
to a maximum-width 
tab. 


3. Measured 
from 
maximum 
diameter 
of the actual 
device. 


4. All leads - increase 
maximum 
limit 
by 0.003" (O.08mm) 


when 
hot solder 
dip finish 
is applied. 


N-8 
8·Lead Plastic DIP 


SEE 
NOTE 1 
" 


INCHES 
MilLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.210 
5.33 
A2 
0.115 
0.195 
2.93 
4.95 
b 
0.014 
0.022 
0.356 
0.558 
b, 
0.045 
0.070 
1.15 
1.77 
c 
0.008 
0.015 
0.204 
0.381 
0 
0.348 
0.430 
8.84 
10.92 
2 
E 
0.300 
0.325 
7.62 
8.25 
E, 
0.240 
0.280 
6.10 
7.11 
2 
e 
0.100BSC 
2.54BSC 
l 
0.125 
I 0.200 
3.18 
5.05 
l, 
0.150 
I 
3.81 
a 
0.015 
I 0.060 
0.38 
1.52 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 
2. This dimension does not include mold flash or 
protrusions. 


III 


N-14 
14-Lead Plastic DIP 


SEE 
NOTE 1 
" 
T 
E, 
7--1 


~D~ 
T~O 
SEATING 
• 
- 
~ 
PLANE--r-- 
- 
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- 
- t' 
1- 
II 
* 
b..j~ -Ie\- 
~ b, 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.210 
5.33 
A2 
0.115 
0.195 
2.93 
4.95 
b 
0.014 
0.022 
0.356 
0.558 
b, 
0.045 
0.070 
1.15 
1.77 
c 
0.008 
0.015 
0.204 
0.381 
0 
0.725 
0.795 
18.42 
20.19 
2 
E 
0.300 
0.325 
7.62 
8.25 
E, 
0.240 
0.280 
6.10 
7.11 
2 
e 
0.100BSC 
2.54BSC 
L 
0.125 
I 0.200 
3.18 
5.05 
L, 
0.150 
3.81 
0 
0.015 
I 0.060 
0.38 
1.52 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located adjacent to lead one. 


2. This dimension 
does not include mold flash or 
protrusions. 


N·16 
16·Lead Plastic DIP 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.210 
5.33 
A2 
0.115 
0.195 
2.93 
4.95 
b 
0.014 
0.022 
0.356 
0.558 
b, 
0.045 
0.070 
1.15 
1.77 
c 
0.008 
0.015 
0.204 
0.381 


D 
0.745 
0.840 
18.93 
21.33 
2 
E 
0.300 
0.325 
7.62 
8.25 
E, 
0.240 
0.280 
6.10 
7.11 
2 
e 
0.100BSC 
2.54BSC 
L 
0.125 
0.200 
3.18 
5.05 
L, 
0.150 
3.81 


Q 
0.015 I 
0.060 
0.38 
I 
1.52 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 


2. This dimension does not include mold flash or 
protrusions. 
• 


N-18 
I8-Lead Plastic DIP 
N~~::::::::II 


~~D-~ 
SEA~NGI-~~ 
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L 
~ li-li-li-li-li-li-li-MI-li~ 
+ 
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INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.210 
5.33 
A2 
0.115 
0.195 
2.93 
4.95 
b 
0.014 
0.022 
0.356 
0.558 
b, 
0.045 
0.070 
1.15 
1.77 
c 
0.008 
0.015 
0.204 
0.381 
0 
0.845 
0.925 
21.47 
23.49 
2 
E 
0.300 
0.325 
7.62 
8.25 
E, 
0.240 
0.280 
6.10 
7.11 
2 
e 
0.100BSC 
2.54BSC 
L 
0.125 
I 
0.200 
3.18 
I 
5.05 
L, 
0.150 
3.81 


Q 
0.015 
I 
0.060 
0.38 
I 
1.52 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located 
adjacent 
to lead one. 


2. This dimension 
does not include 
mold flash or 
protrusions. 


N-20 
20-Lead 
Plastic DIP 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.210 
5.33 


A2 
0.115 
0.195 
2.93 
4.95 
b 
0.014 
0.022 
0.356 
0.558 
b, 
0.045 
0.070 
1.15 
1.77 
c 
0.008 
0.015 
0.204 
0.381 
0 
0.925 
1.060 
23.50 
26.90 
2 


E 
0.300 
0.325 
7.62 
8.25 


E, 
0.240 
0.280 
6.10 
7.11 
2 
e 
0.100BSC 
2.54BSC 


L 
0.125 
0.200 
3.18 
5.05 


L, 
0.150 
3.81 


Q 
0.015 
0.060 
0.38 
1.52 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located adjacent to lead one. 


2. This dimension 
does not include 
mold flash or 
protrusions. 


• 


N-24 
24-Lead 
Plastic DIP 
1rn-s' 
~ rs 
~~:::::::::::I] 


~ 
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.EAnNG T~1-r 
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~ U 
T 
L, 


L 
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INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.210 
5.33 
A2 
0.115 
0.195 
2.93 
4.95 
b 
0.014 
0.022 
0.356 
0.558 
b, 
0.045 
0.070 
1.15 
1.77 
c 
0.008 
0.015 
0.204 
0.381 
0 
1.125 
1.275 
28.60 
32.30 
2 
E 
0.300 
0.325 
7.62 
8.25 
E, 
0.240 
0.280 
6.10 
7.11 
2 
e 
0.100BSC 
2.54BSC 
L 
0.125 
0.200 
3.18 
5.05 
L, 
0.150 
3.81 
Q 
0.015 
0.060 
0.38 
1.52 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 


2. This dimension does not include mold flash or 
protrusions. 


N-28 
28·Lead Plastic DIP 


SEE 
NOTE 1 
" 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.250 
6.35 
Az 
0.125 
0.195 
3.18 
4.95 
b 
0.014 
0.022 
0.356 
0.558 
b, 
0.070 
1.77 
c 
0.008 
0.015 
0.204 
0.381 
0 
1.380 
1.565 
35.10 
39.70 
2 
E 
0.600 
0.625 
15.24 
15.87 
E, 
0.485 
0.580 
12.32 
14.73 
2 
e 
0.100BSC 
2.54BSC 
L 
0.125 
I 
0.200 
3.18 
I 
5.05 
L, 
0.150 
3.81 
I 
Q 
0.015 I 
0.060 
0.38 
I 
1.52 
'. 


NOTES 
1. Index area; a notch or a lead one identification 
mark 
is located adjacent to lead one. 
2. This dimension 
does not include mold flash or 
protrusions. 


II 


N-40A 
4O-Lead Plastic 
DIP 
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~~ 
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NOTE: 
LEADS 
ARE SOLDER-PLATED 
KOVAR 
OR ALLOY 
42 


INCHES 
MILUMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 


A 
- 
0.200 
- 
5.08 
b 
0.015 
0.025 
0.38 
0.64 
b, 
0.040 
0.060 
1.02 
1.52 
c 
0.008 
0.015 
0.20 
0.38 
0 
- 
2.08 
- 
52.83 
E 
0.550 
0.550 
13.46 
13.97 
E, 
0.580 
0.620 
14.73 
15.75 
• 
0.1ooBSC 
2.54BSC 
L 
0.120 
0.175 
3.05 
4.45 
L, 
0.140 
- 
3.56 
- 
Q 
0.015 
0.060 
0.38 
1.52 
S 
- 
0.110 
- 
2.79 
S, 
0.005 
- 
0.13 
- 


co 
0" 
1S' 
0" 
111" 


P-20A 
20·Lead Plastic Leaded Chip Carrier (PLCC) 


INCHES 
MIUIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 


A 
0.385 
0.395 
9.78 
10.02 
B 
0.385 
0.395 
9.78 
10.02 
C 
0.165 
0.180 
4.19 
4.57 
0 
0.025 
0.040 
0.64 
1.01 
E 
0.085 
0.110 
2.16 
2.79 


F 
0.013 
0.021 
0.33 
0.53 


G 
0.050BSC 
1.27BSC 
H 
0.026 
0.032 
0.66 
0.81 
J 
0.015 
0.025 
0.38 
0.63 


K 
0.290 
0.330 
7.37 
8.38 
R 
0.350 
0.356 
8.89 
9.04 
U 
0.350 
0.356 
8.89 
9.04 
V 
0.042 
(1.048 
1.07 . 
1.21 
W 
0.042 
(1.048 
1.07 
1.21 
X 
0.042 
0.056 
1.07 
1.42 
Y 
0.020 
0.50 
• 


P-28A 
28-Lead Plastic Leaded Chip Carrier (PLCC) 
"llr'~ 


U 
B 


I. 
R 
.1 


A 


INCHES 
MilLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 


A 
0.485 
0.495 
12.32 
12.57 
B 
0.485 
0.495 
12.32 
12.57 
C 
0.165 
0.180 
4.19 
4.57 
D 
0.025 
0.040 
0.64 
1.01 
E 
0.085 
0.110 
2.16 
2.79 
F 
0.013 
0.021 
0.33 
0.53 


G 
O.05OBSC 
1.27BSC 
H 
0.026 
0.032 
0.66 
0.81 
J 
0.015 
0.025 
0.38 
0.63 


K 
0.390 
0.430 
9.91 
10.92 
R 
0.450 
0.456 
11.43 
11.58 


U 
0.450 
0.456 
11.43 
11.58 
V 
0.042 
0.048 
1.07 
1.21 
W 
0.042 
0.048 
1.07 
1.21 
X 
0.042 
0.056 
1.07 
1.42 
Y 
0.020 
0.50 


P-44A 
44-Lead Plastic Leaded 
Chip Carrier (PLCC) 


o 


PIN 1 
IDENTIFIER 


29 


~ 


8 
~8. 


~ 
R 
~I" 


A 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
A 
0.685 
0.695 
17.40 
17.65 
B 
0.685 
0.695 
17.40 
17.65 
C 
0.165 
0.180 
4.19 
4.57 
0 
0.025 
0.040 
0.64 
1.01 
E 
0.085 
0.110 
2.16 
2.79 
F 
0.013 
0.021 
0.33 
0.53 


G 
0.050 BSe 
1.27 BSe 
H 
0.026 
0.032 
0.66 
0.81 
J 
0.015 
0.025 
0.38 
0.63 


K 
0.650 
0.656 
16.51 
16.66 
R 
0.650 
0.656 
16.51 
16.66 
U 
0.650 
0.656 
16.51 
16.66 


V 
0.042 
0.048 
1.07 
1.21 


W 
0.042 
0.048 
1.07 
1.21 
X 
0.042 
0.056 
1.07 
1.42 
Y 
0.020 
0.50 
II 


J-28 


28-Lead J-Leaded 
Chip Carrier 


INCHES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 


A 
0.125 
3.175 


B 
0.013 
0.021 
0.330 
0.534 


B, 
0.017 
0.432 


0 
0.489 
0.491 
12.196 
12.704 


0, 
0.440 
0.460 
11.176 
11.684 


04 
0.428 
0.432 
10.412 
11.428 


e 
0.050 BSC 
1.27 BSC 


G 
0.280 
0.310 
2.366 
2.874 


Q-8 
8·Lead Cerdip 


INCHES 
MIWMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.200 
5.08 
b 
0.014 
0.023 
0.36 
0.58 
7 
b, 
0.030 
0.070 
0.76 
1.78 
2,7 
e 
0.008 
0.015 
0.20 
0.38 
7 
D 
0.405 
10.29 
4 
E 
0.220 
0.310 
5.59 
7.87 
4 
E, 
0.290 
0.320 
7.37 
8.13 
6 
e 
0.090 
0.110 
2.29 
2.79 
8 
L 
0.125 
0.200 
3.18 
5.08 
L, 
0.150 
3.81 
Q 
0.015 
0.060 
0.36 
1.52 
3 
S 
0.055 
1.35 
5 
S, 
0.005 
0.13 
5 


II 
0- 
15° 
0- 
15° 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 


2. The minimum limit for dimension b, may be 0.023" 


10.58mml for all four corner leads only. 


3. Dimension Q shall be measured from the seating plane 
to the base plane. 


4. This dimension allows for off-center lid, meniscus 
and glass overrun. 
5. Applies to all four corners. 
6. Lead center when II is 0°. E, shall be measured 
at the 
eenterline of the leads. 


7. All leads - increase maximum limit by 0.OO3"10.08mml 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 


8. Six spaces. 
II 


Q·14 
14-Lead Cerdip 


-, 
~S, 
-.f r-S 
~~:::::: 
:J 


~-D 
_I 


~:n..~e l... 
b, 
~« 
c~~ 


SEE 
NOTE7 


INCHES 
MIWMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.200 
5.08 
b 
0.014 
0.023 
0•• 
0.58 
7 
b, 
0.030 
0.070 
0.76 
1.78 
2.7 
c 
0.008 
0.015 
0.20 
0.38 
7 
D 
0.785 
19.94 
4 
E 
0.220 
0.310 
5.59 
7.87 
4 
E, 
0.290 
0.320 
7.37 
8.13 
6 
e 
0.090 
0.110 
2.29 
2.79 
8 
l 
0.125 
0.200 
3.18 
5.08 
l, 
0.150 
3.81 


Q 
0.015 
0.060 
0.• 
1.52 
3 
S 
0.098 
2.49 
5 
S, 
0.005 
0.13 
5 
« 
0" 
15° 
0" 
15° 


NOTES 
1. Index .r •• ; • notch or • I.ed on. Id.ntlflcetlon 
m.rk 
is located .djacent 
to I•• d one. 
2. Th. minimum limit for dimension b, m.y be 0.023" 


10.58mml for .11four comer I•• ds only. 


3. Dimension Q sh.11be m•• sured from the •• eting pl.n. 
to the b••• pl.n •. 
4. This dimension .llows for off-c.nter lid, m.niscus 


.nd gl.ss ov.rrun. 


5. Applies to .11four comers. 
6. le.d 
center when a is 0". E, sh.1I be m.asured 
.t the 
cent.r1ln. 
of the '•• ds. 
7. AIII•• ds - incr•••• 
m.ximum 
limit by 0.003" 10.08mml 
m•• sured .t the center of the f1.t. wh.n 
hot sold.r 
dip I•• d finish is .pplied. 


8. Tw.lv. 
sp.ces. 


Q-16 
16·Lcad Cerdip 


-1 ~S, 
-.j rs 
~~: : : : : : : :J 
I. 
D 
-I 
s,:~~~~-h- t --1 
~I-- 
-.I. I-- J L.,--.i--/. 
E'.--II- 


SEE 
NOTE7 


INCHES 
MIWMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.200 
5.08 
b 
0.014 
0.023 
0.36 
0.58 
7 
b, 
0.030 
0.070 
0.76 
1.78 
2,7 
c 
0.008 
0.015 
0.20 
0.38 
7 
D 
0.840 
21.34 
4 
E 
0.220 
0.310 
5.59 
7.87 
4 
E, 
0.290 
0.320 
7.37 
8.13 
6 
e 
0.090 
0.110 
2.29 
2.79 
8 
L 
0.125 
0.200 
3.18 
5.08 
L, 
0.150 
3.81 


Q 
0.015 
0.060 
0.38 
1.52 
3 
S 
0.080 
2.03 
5 
S, 
0.005 
0.13 
5 
a 
0" 
15° 
0° 
15° 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 
(0.58mml for all four corner leads only. 


3. Dimension Q shall be measured from the seating plane 
to the base plane. 


4. This dimension allows for off-center lid, meniscus 
and glass overrun. 


5. Applies to all four corners. 
6. Lead center when a is 0°. E, shall be measured at the 
centerline of the leads. 


7. All leads - increase maximum limit by 0.003"(0.08mml 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 
8. Fourteen spaces. 
a 


Q-18 
IS· Lead Cerdip 


., 
~S, 
~ r-s 
NO~~:: : : : : : :1 
~--D--~ 


PLANE 
J L 
L 
s~~·~ "~. 
s~' 


NOTE7 


INCHES 
MILUMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.200 
5.08 
b 
0.014 
0.023 
0.36 
0.58 
7 
b, 
0.030 
0.070 
0.76 
1.78 
2.7 
c 
0.008 
0.015 
0.20 
0.38 
7 
D 
0.960 
24.38 
4 
E 
0.220 
0.310 
5.59 
7.87 
4 
E, 
0.290 
0.320 
7.37 
8.13 
6 
e 
0.090 
0.110 
2.29 
2.79 
8 
L 
0.125 
0.200 
3.18 
5.08 
L, 
0.150 
3.81 


Q 
0.015 
0.060 
0.38 
1.52 
3 
S 
0.098 
2.49 
5 
S, 
0.005 
0.13 
5 
a 
0° 
15° 
0- 
15° 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 
(0.58mml for all four corner leads only. 


3. Dimension Q shall be measured from the seating plane 
to the base plane. 
4. This dimension allows for off-center lid. meniscus 
and glass overrun. 
5. Applies to all four corners. 
6. Lead center when a is 0°. E, shall be measured 
at the 
centerline of the leads. 
7. All leads - increase maximum limit by 0.003"10.08mml 
measured 
at the center of the flat. when hot solder 
dip lead finish is applied. 
8. Sixteen spaces. 


Q-20 
20-Lead Cerdip 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
N01'ES 


A 
0.200 
5.08 
b 
0.014 
0.023 
0.36 
0.58 
7 
b, 
0.030 
0.070 
0.76 
1.78 
2.7 
c 
0.008 
0.015 
0.20 
0.38 
7 
D 
1.060 
26.92 
4 
E 
0.220 
0.310 
5.59 
7.87 
4 
E, 
0.290 
0.320 
7.37 
8.13 
6 
e 
0.090 
0.110 
2.29 
2.79 
8 
L 
0.125 
0.200 
3.18 
5.08 
L, 
0.150 
3.81 


Q 
0.015 
0.060 
0.38 
1.52 
3 
S 
0.098 
2.49 
5 
S, 
0.005 
0.13 
5 
a 
0° 
15° 
0° 
15° 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 


2. The minimum limit for dimension b, may be 0.023" 


10.58mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 
to the base plane. 


4. This dimension allows for off-center lid. meniscus 
and glass overrun. 


5. Applies to all four corners. 
6. Lead center when a is 0°. E, shall be measured at the 
centerline of the leads. 


7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat. when hot solder 
dip lead finish is applied. 
• 
8. Eighteen spaces. 


Q-24 
24·Lead Cerdip 
-1I-S, 
-i rS 


No~i:: : : : : : : : : : :J 


I_ 
D-------~ 


I.~~ 
~. ~ 
J L., 
~. 
E, 
,~\o- 


SEE 
NOTE7 


INCHES 
MIWMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.200 
5.08 
b 
0.014 
0.023 
0.36 
0.58 
7 
b, 
0.030 
0.070 
0.76 
1.78 
2,7 
c 
0.008 
0.015 
0.20 
0.38 
7 


D 
1.280 
32.51 
4 
E 
0.220 
0.310 
5.59 
7.87 
4 
E, 
0.290 
0.320 
7.37 
8.13 
6 
e 
0.090 
0.110 
2.29 
2.79 
8 
L 
0.125 
0.200 
3.18 
5.08 


L, 
0.150 
3.81 


Q 
0.015 
0.060 
0.38 
1.52 
3 
S 
0.098 
2.49 
5 
S, 
0.005 
0.13 
5 
a 
o· 
15' 
0- 
15· 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 


2. The minimum limit for dimension b, may be 0.023" 


(O.58mmlfor all four corner leads only. 


3. Dimension Q shall be measured from the seating plane 
to the base plane. 


4. This dimension allows for off-center lid, meniscus 
and glass overrun. 


5. Applies to all four corners. 
6. Lead center when a is 0·. E, shall be measured at the 
centerline of the leads. 


7. All leads - increase maximum limit by 0.003"(0.08mml 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 


8. Twenty-two spaces. 


Q.28 
28-Lead Cerdip 


-I r-s 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.225 
5.72 
b 
0.014 
0.026 
0.36 
0.66 
7 
b, 
0.030 
0.070 
0.76 
1.78 
2,7 
e 
0.008 
0.018 
0.20 
0.46 
7 
0 
1.490 
37.85 
4 
E 
0.500 
0.610 
12.70 
15.49 
4 
E, 
0.590 
0.620 
14.99 
15.75 
6 
e 
0.090 
0.110 
2.29 
2.79 
8 
L 
0.125 
0.200 
3.18 
5.08 
L, 
0.150 
3.81 
Q 
0.015 
0.38 
3 
S 
0.100 
2.54 
5 
S, 
0.005 
0.13 
5 
•• 
O· 
15· 
O· 
15· 


NOTES 
1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 


2. The minimum limit for dimension b, may be 0.023" 


10.58mml for all four corner leads only. 


3. Dimension Q shall be measured from the seating plane 
to the base plane. 


4. This dimension allows for off-center lid, meniscus 
and glass overrun. 


5. Applies to all four corners. 
6. Lead center when u is 0·. E, shall be measured 
at the 
centerline of the leads. 
• 
7. All leads - increase maximum limit by 0.003"10.08mml 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 


8. Twenty-six spaces. 


R-8 
8-Lead Small Outline (SOle) 
MlI 


~~ 


~~ 
-.j G t-- 
-.j ~ 
Dr K \ 
SEATING 
PLANE 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 


A 
0.188 
0.198 
4.77 
5.03 
B 
0.150 
0.158 
3.81 
4.01 
C 
0.089 
0.107 
2.26 
2.72 


D 
0.014 
0.022 
0.36 
0.56 
F 
0.018 
0.034 
0.46 
0.86 


G 
0.050BSC 
1.27BSC 
J 
0.007 
0.015 
0.18 
0.38 
K 
0.005 
0.011 
0.125 
0.275 
L 
0.195 
0.205 
4.95 
5.21 
P 
0.224 
0.248 
5.69 
6.29 


SO·8 


8·Lead Narrow-Body 
SO 
(S·SufflX) 


SEE~.nl 
'\--'\ 


NOTE~ 
1 
• 
JEjH 
( 
I. 
... 
\..I'=---r-(l 
\~Lj?f 
~.~~".~, 


aLffi:o:u:EL1 
c!~ 
'---1 • t-- 
--I t-- '\ 
l 
14- 


b 
SEATING 
SEE DETAIL 
ABOVE 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.0532 
0.0688 
1.35 
1.75 


b 
0.0138 
0.0192 
0.35 
0.49 


c 
0.0075 
0.0098 
0.19 
0.25 


0 
0.1890 
0.1968 
4.80 
5.00 


E 
0.1497 
0.1574 
3.80 
4.00 


H 
0.2284 
0.2440 
5.80 
6.20 


e 
0.0500 BSC 
1.27 BSC 


h 
0.0099 
0.0196 
0.25 
0.50 


L 
0.0160 
0.0500 
0.41 
1.27 
a 
0.0040 
0.0098 
0.10 
0.25 


a 
0- 
r 
0- 
r 


NOTES 
1. Package dimensions 
conform to JEDEC specification 
MS·012·AA (Issue A. June 19851. 


2. Index area; a dimple or lead one identification 
mark is 
located adjacent to lead one and is within 
the shaded 
area shown. 


• 


14-Lead N~lrrOw·Body SO 
(S-SufflX) 


,T1 
SEE 
n I 
NOTE 2 
E 
H 


'~o~~ 


Q .Lto u 0 U Lt u nIT 
'---Iel-- 
---11--\ 


b 
SI:ATING 
PLANE 


INCHES 
MilLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.0532 
0.0688 
1.35 
1.75 


b 
0.0138 
0.0192 
0.35 
0.49 


c 
0.0075 
0.0098 
0.19 
0.25 


0 
0.3367 
0.3444 
8.55 
8.75 


E 
0.1497 
0.1574 
3.80 
4.00 


H 
0.2284 
0.2440 
5.80 
6.20 


e 
0.0500 BSC 
1.27 BSC 


h 
0.0099 
0.0196 
0.25 
0.50 


l 
0.0160 
0.0500 
0.41 
1.27 


Q 
0.0040 
0.0098 
0.10 
0.25 


•• 
O· 
so 
O· 
so 


h x 450 
+j'" 
c.J r=l_-~.J,..•. 


SEE DETAIL 
ABOVE 


NOTES 
1. Package dimensions 
conform to JEDEC specification 
MS-012-AB (Issue A. June 1985). 


2. Index area; a dimple or lead one identification 
mark is 
located adjacent'to 
lead one and is within 
the shaded 
area shown. 


R·16 (S·Sufflx) 


16-Lead Wide-Body SO 
(SOL-16) 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.0926 
0.1043 
2.35 
2.65 


b 
0.0138 
0.0192 
0.35 
0.49 


c 
0.0091 
0.0125 
0.23 
0.32 


0 
0.3977 
0.4133 
10.10 
10.50 


E 
0.2914 
0.2992 
7.40 
7.60 


H 
0.3937 
0.4193 
10.00 
10.65 


e 
0.0500 BSC 
1.27 BSC 


h 
0.0098 
0.0291 
0.25 
0.74 


L 
0.0157 
0.0500 
0.40 
1.27 


Q 
0.0040 
0.0118 
0.10 
0.30 


a 
0" 
8" 
0" 
8" 


1s/~~"\ 
I 
\ 


\ 
::~ 
J 


\~ 
L ~/ 
'-_/ 


h x 45< 
T 
1_t-- 
_ 


~ 


A 
t)=( ==) l 
c. 
~--------l 
t4- 


SEE DETAIL 
SEATING 
ABOVE 
PLANE 


NOTES 
1. Package dimensions 
conform to JEDEC specification 
MS-013-AA (Issue A. June 19851. 


2. Index area; a dimple or lead one identification 
mark is 
located adjacent to lead one and is within 
the shaded 
area shown. 


• 


R·l6A (S-SufflX) 


16·Lead Narrow-Body 
SO 
(SO-16) 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.0532 
0.0688 
1.35 
1.75 


b 
0.0138 
0.0192 
0.35 
0.49 


c 
0.0075 
0.0099 
0.19 
0.25 


0 
0.3859 
0.3937 
9.80 
10.00 


E 
0.1497 
0.1574 
3.80 
4.00 


H 
0.2284 
0.2440 
5.80 
6.20 


e 
0.0500 BSC 
1.27 BSC 


h 
0.0099 
0.0196 
0.25 
0.50 


L 
0.0160 
0.0500 
0.41 
1.27 


Q 
0.0040 
0.0098 
0.10 
0.25 


O! 
O· 
r 
0- 
r 


h x45 
--j14- 


of) F3-.lll4- 


SEE DETAIL 
ABOVE 


NOTES 


1. Package dimensions 
conform to JEDEC specification 
MS·012-AC (Issue A, June 1985). 


2. Index area; a dimple or lead one identification 
mark is 
located adjacent to lead one and is within 
the shaded 
area shown. 


R-20 (S-SufflX) 


20-Lead Wide-Body SO 
(SOL-20) 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.0926 
0.1043 
2.35 
2.65 


b 
0.0138 
0.0192 
0.35 
0.49 


c 
0.0091 
0.0125 
0.23 
0.32 


0 
0.4961 
0.5118 
12.60 
13.00 


E 
0.2914 
0.2992 
7.40 
7.60 


H 
0.3937 
0.4193 
10.00 
10.65 


e 
0.0500 BSC 
1.27 BSC 


h 
0.0098 
0.0291 
0.25 
0.74 


L 
0.0157 
0.0500 
0.40 
1.27 


Q 
0.0040 
0.0118 
0.10 
0.30 


a 
0° 
SO 
0° 
SO 


-=-==-=-=~==)l 


~t- 
SEE DETAIL 
ABOVE 


NOTES 
1. Package dimensions 
conform to JEDEC specification 
MS-013-AC (Issue A. June 1985). 


2. Index area; a dimple or lead one identification 
mark is 
located adjacent to lead one and is within 
the shaded 
area shown. 


a 


R-24 (S-SuffJx) 


24-Lead Wide-Body SO 
(SOL-24) 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.0926 
0.1043 
2.35 
2.65 


b 
0.0138 
0.0192 
0.35 
0.49 


c 
0.0091 
0.0125 
0.23 
0.32 


0 
0.5985 
0.6141 
15.20 
15.60 


E 
0.2914 
0.2992 
7.40 
7.60 


H 
0.3937 
0.4193 
10.00 
10.65 


e 
0.0500 BSC 
1.27 BSC 


h 
0.0098 
0.0291 
0.25 
0.74 


L 
0.0157 
0.0500 
0.40 
1.27 


Q 
0.0040 
0.0118 
0.10 
0.30 


a 
O· 
8" 
O· 
8" 


} 


/~~"\ 


f 
\ 
\ 
=~J 


\ 
L ~/ 
" 
./ 
--- ~ 


h x45" 
1_1----_ 
t) r'---_----') ~ 
Cf 
--116,. 


SEE DETAIL 
ABOVE 


NOTES 
1. Package dimensions 
conform to JEDEC specification 
MS-013-AD (Issue A, June 
19851. 


2. Index area; a dimple or lead one identification 
mark is 
located adjacent 
to lead one and is within the shaded 
area shown. 


R-28 (S-Suftix) 


28-Lead Wide-Body SO 


(SOL-28) 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.0926 
0.1043 
2.35 
2.65 


b 
0.0138 
0.0192 
0.35 
0.49 


c 
0.0091 
0.0125 
0.23 
0.32 


0 
0.6969 
0.7125 
17.70 
18.10 


E 
0.2914 
0.2992 
7.40 
7.60 


H 
0.3937 
0.4193 
10.00 
10.65 


e 
0.0500 BSC 
1.27 BSC 


h 
0.0098 
0.0291 
0.25 
0.74 


L 
0.0157 
0.0500 
0.40 
1.27 
a 
0.0040 
0.0118 
0.10 
0.30 


III 
()" 
so 
O· 
so 


NOTES 
1. Package dimensions 
conform to JEDEC specification 


MS-013-AE (Issue A. June 1985). 


2. Index area; a dimple or lead one identification 
mark is 


located adjacent to lead one and is within 
the shaded 
area shown. 


• 


TO·92 
3·Lead Plastic 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 


A 
0.170 
0.210 
4.58 
5.33 
c 
0.016 
0.019 
0.407 
0.482 
tl>D 
0.175 
0.205 
4.96 
5.20 
8 
0.095 
0.105 
2.42 
2.66 
8, 
0.045 
0.055 
1.15 
1.39 
E 
0.125 
0.165 
3.94 
4.19 
J 
0.175 
0.205 
4.96 
5.20 
L 
0.500 
12.70 
L, 
0.050 
1.27 
S 
0.080 
0.105 
2.42 
2.66 


J.. 


eT 


Z·68 
68·Lead Leaded Chip Carrier (Ceramic) 


INCliES 
MILLIMETERS 


SYMBOL 
MIN 
MAX 
MIN 
MAX 


A 
0.092 
0.118 
2.337 
2.997 
b, 
0.016 
0.020 
0.452 
0.462 
0 
0.841 
0.859 
21.361 
21.819 
e 
0.050 
BSC 
1.27 BSC 
E 
0.940 
0.960 
23.876 
24.384 


F 
0.040 
1.016 


G 
0.695 
0.705 
17.653 
17.907 
K 
0.025 
0.625 


L 
1.200 
1.220 
30.476 
30.984 
a 


.1... 
~I- 


F 


INCHES 
MILUMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.198 
0.243 
5.03 
6.17 


b, 
0.018 
0.022 
0.46 
0.56 


c 
0.007 
0.0095 
0.18 
0.24 


E 
1.336 
1.364 
33.93 
34.65 


F 
0.040 
1.02 


e 
0.050 BSC 
1.27 BSC 


L 
1.675 
1.685 
42.55 
42.80 


J 
0.025 
0.63 


K 
0.040 
1.02 
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INTRODUCTION 
This Ordering Guide should make it easy to order Analog Devices products, whether you're buying one IC op amp, a multioption 
subsystem, or 1000 each of 15 different items. It will help you: 


1. Find the correct part number for the options you want. 


2. Get a price quotation and place an order with us. 


3. Know our warranty for components and subsystems. 


For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in Norwood, Mass. 
U.S.A. (617-329-4700). 


MODEL 
NUMBERING 
In this reference manual many of the data sheets for products having a number of standard options contain an Ordering Guide. Use it 
to specify the correct part number for the exact combination of options you want. Two model numbering 
schemes are used by Analog 
Devices. The first model numbering 
scheme is used for designating standard Analog Devices monolithic and hybrid products. The 
second scheme is used by our Precision Monolithics Division (formerly PMI) as designators for its product line. 


Figure 1 shows the form of model number used for our proprietary 
standard monolithic ICs and many of our hybrids. It consists of 
an "AD" (Analog Devices) prefix, a 3-to-5-digit number*, 
an alphabetic performance/temperature-range 
designator and a package 
designator. One or two additional letters may immediately follow the digits ("A" for second-generation 
redesigned ICs, "DI" 
for 
dielectrically isolated CMOS switches, e.g., AD536A]H, 
AD75l2DIKD). 


Figure 2 shows a different numbering 
scheme used by our Precision Monolithics Division. This numbering 
scheme starts with a 
prefix which designates the device type and model number. 
It is then followed by a suffix consisting of alphabetic designators (as 
applicable) to indicate additional functional designations or options and packaging options. 


[NANN] 
o 
X 
X 


1 OR 2 LETTERS 
PROVIDE 


ADDmONAL 
GENERAL 
INFORMATION 


A: SECOND 
GENERATION 


01: DIELECTRICALLY 
ISOLATED 


z: OPERATION 
ON i12V 
SUPPLIES 


PERFORMANCE·TEMPERATURE 


RANGE 
DESIGNATOR' 


[ 


It 
INCREASING 
J 
PARAMETRIC 


OOCTO +70"<: 
~M 
PERFORMANCE 


BEST 
OVERALL 


PERFORMANCE 


{ 


1 II~CREASING 


_2Soc 
OR -40"C 
:' 
PERFORMANCE 


TO +85"C 
C 
BEST 
OVERALL 


PERFORMANCE 


{ 
+ 


INCREASING 


S 
PERFORMANCE 
-55°C TO +125cC 
T 
U 
BEST 
OVERALL 


PERFORMANCE 


o 
HERMETIC 
DIP. CERAMIC 
OR METAL 


E 
CERAMIC 
LEADLESS 
CHIP CARRIER 
F 
CERAMIC 
FLATPACK 


G 
CERAMIC 
PIN GRID 
ARRAY 


H 
HERMETIC 
METAL 
CAN 


J 
J·LEADED 
CERAMIC 


M 
HERMETIC 
METAL 
CAN 
DIP 


N 
PLASTIC 
OR EPOXY 
SEALED 
DIP 


P 
PLASTIC 
LEADED 
CHIP CARRIER 
Q 
CERDIP 


R 
SMALL 
OUTLINE 
"SO" 
PACKAGE 


S 
PLASTIC 
QUAD 
FLATPACK 
T 
TD-92 
STYLE 
PACKAGE 


W 
NONHERMETIC 
CERAMIC/GLASS 
DIP 


Y 
SINGLE·IN·L1NE 
"SIP" 
PACKAGE 


Z 
CERAMIC 
LEADED 
CHIP CARRIER 


EXAMPLES: 


AD521KCHIPS 


AD7524AD 


AD536ASHl883B 


AD7512DIKD 


'MONOLITHIC 
CMOS 
CHIPS 
IN THE AD75XX 
SERIES 


WERE 
FORMERLY 
DESIGNATED 
AD75Xx/COMiCHIPS 


AND 
AD75XX/MIWCHIPS 
AND 
MAY APPEAR 
ON PRICE 


LISTS 
WITH 
THOSE 
DESIGNATIONS. 
CONSULT 
ANALOG 


DEVICES 
FOR CURRENT 
PRICING 
OF AD75XX 
CHIPS. 


Figure 1. Model-Number Designations for Standard Analog Devices Monolithic and Hybrid Ie Products. S, T and U 
Grades have the Added Suffix, /BB38 for Devices that Qualify to the Latest Revision of MIL-STD-883, Level B. 


PMI-65"C 
TO 
.125"C 
DEVICES 
ARE 
AVAILABLE 


wmt 
IiIL-sTD-a3, 
CLASS 
B SCREENING 
AS 


STANDARD 
PRODUCTS. 
TO ORDER 
AN 
113 
PART. 


SIMPlY 
ADD 
THE 
DEStGNAT10N 
1113 TO THE 
PART 


NUMBER. 
FOR 
EXAMPlE, 
THE 
DACoOIAQ, 
SCREENED 


TO 
THE 
113 
REQUIREMENTS 
WOULD 
BE ORDERED 


AS 
A DAe-aeAG'113. 
CONTACT 
FACTORY 
FOR 
113 


DEVICE 
SPEctFlCATlONS. 


ADC 
ANALOG- 
TO-DIGITAL 
CONVERTER 


AMP 
INSTRUMENTATION 
AMPLIFIER 


BUF 
BUFFER 
(VOLTAGE 
FOLLOWER) 


CMP 
COMPARATOR 
DAC 
DIGIT AL·To-ANALOG 
CONVERTER 


JAN 
MIL·M-38510 
SLASH 
SHEET 


L1U 
HIGH SPEED 
SERIAL 
DATA 
RECEIVER 
MAT 
MATCHED 
TRANSISTOR 


MUX 
MULTIPLEXER 
OP 
PROPRIETARY 
OPERATIONAL 
AMPLIFIER 


PKD 
PEAK 
DETECTOR 
PM 
SECOND-SOURCE, 
INDUSTRY 
SPECIFICATIONS 
REF 
VOLTAGE REFERENCE 
RPT 
PCM LINE REPEATER 


SMP 
SAMPLE·AND-HOLD 
AMPLIFIER 


SW 
ANALOG 
SWITCH 
SSM 
SOLID 
STATE 
MUSIC 
PRODUCT 


TMP 
TEMPERATURE 
SENSOR 


PACKAGE 
SUFFIX 


PACKAGE 
TYPE: 


H 
6-LEAD To.78 CAN 
J 
SoLEAD To-gg 
CAN 
K 
1G-LEAO To.100 CAN 


o 
NOT USED 
P 
EPOXY 
DIP 


PC 
PLASTIC 
LEADED 
CHIP CARRIER 
Q 
16-LEAD 
CERAMIC 
DIP 


R 
2O-LEAD 
CERAMIC 
DIP 


RC 
2O-POSITION 
LCC' 


S 
SMALL 
OUTLINE 
PACKAGE 
T 
2&-LEAD 
CERAMIC 
DIP 


TC 
2&-POSITION 
LCC' 
U 
NOT USED 
V 
24-LEAD 
CERAMIC 
DIP 
X 
Is-LEAD 
CERAMIC 
DIP 


Y 
1"'LEAD 
CERAMIC DIP 
Z 
SoLEAD CERAMIC 
DIP 


-AVAILABLE 
WITH 
M1L·STD-883 
PROCESSING 


ONLY. 


BURN-IN 
OPTION 


PII 
OFFERS 
MOST 
0"17O"C, -2S-/.a5-C 
AND ....w/.a5-C 


DEVICES 
WITH 
BURH-IN. 
PARTS 
WITH 
THIS 
0P110N 
ARE 


SPEaFlED 
wmt 
THE 
LETTERS 
Bl ADDED 
BETWE:EH 
THE 


MODEL 
NUMBER 
AND 
THE 
ELECTfUCAL 
GRADE. 
FOR 


EXAMPLE, 
TO ORDER 
DAe-oeEQ 
WITH 
BURH-IH, 
THE 


PART 
NUMBER 
IS DAe-aeBiEQ. 


ORDERING 
FROM ANALOG 
DEVICES 
When placing an order, please provide specific information regarding model type, number, 
option designations, 
quantity, 
ship-to and 


bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All shipments are F.O.B. 
factory. Please specify if air shipment is required. 


Place your orders with our local sales office or representative, 
or directly with our customer service group located in the Norwood 
facility. Orders and requests for quotations may be telephoned, 
sent via FAX or TELEX, 
or mailed. Orders will be acknowledged 
when received; billing and delivery information is included. 


Payments for new accounts, where open-account credit has not yet been established, will be C.O.D. 
or prepaid. Analog Devices' min- 
imum order value is two hundred fifty dollars ($250.00). 


When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the goods if you 
are ordering for delivery to a destination in Massachusens). 


You may also order Analog Devices parts through distributors. 
For information on distributors, 
please see pages 12-12 and 12-13 at 
the back of this volume. 


WARRANTY 
AND REPAIR CHARGE 
POLICIES 
• 
All Analog Devices, Inc., products are warranted against defects in workmanship 
and materials under normal use and service for one 


year from the date of their shipment by Analog Devices, Inc., except that components obtained from others are warranted only to the 
extent of the original manufacturers' 
warranties, if any, except for component test systems, which have a ISO-day warranty, and 
ILMACand MACSYM systems, which have a 9O-day warranty. This warranty does not extend to any products which have been sub- 
jected to misuse, neglect, accident, or improper installation or application, or which have been repaired or altered by others. Analog 
Devices' sole liability and the Purchaser's 
sole remedy under this warranty is limited to repairing or replacing defective products. 


(The repair or replacement of defective products does not extend the warranty period. This warranty does not apply to components 
which are normally consumed in operation or which have a normal life inherently shorter than one year.) Analog Devices, Inc., shall 
not be liable for consequential damages under any circumstances 


THE FOREGOING 
WARRANTY 
AND REMEDY 
ARE IN LIEU OF ALL OTHER 
REMEDIES 
AND ALL OTHER 
WARRANTIES, 
WRITTEN 
OR ORAL, STATUTORY, 
EXPRESS, 
OR IMPLIED, 
INCLUDING 
ANY WARRANTY 
OF MERCHANTABILITY 
OR FITNESS 
FOR A PARTICULAR 
PURPOSE. 


Product Families Not Included in the Reference Manual 
(But Still Available) 


The information published in this Reference Manual is intended to assist the user in choosing components for the design of new 
equipment, 
using the most cost-effective products available from Analog Devices. The popular product types listed below may have 
been designed into your circuits in the past, but they are no longer likely to be the most economic choice for your new designs. 
Nevertheless, 
we recognize that it is often a wise choice to refrain from redesigning proven equipment, 
and we are continuing to 
make these products available for use in existing designs. Data sheets on these products are available upon request. 


Model 
Model 
Model 
Model 


ADIOI 
AD7541 
DASllSO 
2B59 
AD201 
AD7546 
DASllSl 
4B Series 
AD293 
AD7550 
DAS1lS5 
40 
AD294 
AD7552 
DASII56 
44 
AD301 
AD7576 
DRC1705 
45 
AD301AL 
AD7772 
DRC1706 
46 
AD367 
AD9502 
DSC1705 
50 
AD368 
AD96 II 
DSCI706 
51 
AD369 
AD9686 
HDS-124OE 
118 
AD370/371 
ADC-908 
HOS-050/050Al05OC 
148 
AD392 
ADC-912 
HOS-060 
171 
AD503 
ADC1130 
HTC-0300A 
184 
ADS04 
ADC1131 
HTS-OOI0 
234 
ADS06 
ADCII43 
HTS-0025 
235 
AD510 
ADC-12QM 
JM385 10/11301111302 
261 
AD515 
AD DAC-08 
MUX-88 
275 
ADS18 
AD DAC71 
PM-562 
277 
AD533 
AD DAC72 
PM-754I 
285 
ADS35 
ADEB770 
PM-7574 
288 
ADS45 
CAV-1210 
RDC-1700 
310 
ADS67 
DAC-QS 
RDC-1702 
429 
AD611 
DAC-QZ 
RDC-1704 
433 
AD651 
DAC-Ol 
RDC-I725 
434 
AD 1147 
DAC-02l03 
RDC-I726 
435 
ADII48 
DAC-05/06 
RDC-1768 
436 
ADl403 
DAC-I0Z 
RTM Series 
440 
AD2004 
DAC-12M 
SDCI700 
442 
AD2006 
DAC-12QS 
SDC1702 
450 
AD2008 
DAC-12QZ 
SDCI704 
451 
AD2009 
DAC-20 
SDCI725 
452 
AD2016 
DAC71172 
SDCI726 
453 
AD2020 
DAC-86 
SDC1768 
458 
AD2033 
DAC-88 
SHA-5 
460 
AD2040 
DAC-89 
SHA-I134 
603 
AD3554 
DAC-210 
SHA-II44 
751 
AD3860 
DAC-888 
SMP-81 
756 
AD5200 Series 
DACII08 
STM Series 
903 
AD5210 Series 
DAC1136 
SW-01l02 
906 
AD7110 
DAC1138 
SW-751017511 2B24 
915 
AD7240 
DACII46 
2B34 
926" 


AD7520 
DAC-1408A 
2B35 
947 
AD752 I 
DAC1420 
2B50 
959 
AD7522 
DAC1422 
2B52 
968 
AD7523 
DAC1423 
2B53 
972 
AD7525 
DAC1508A 
2B56 
AD7530 
DAC-8212 
2B57 
AD7531 
DASII28 
2B58 


Substitution Guide for Product Families 
No Longer Available 


The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions and 
performance may be obtained with newer models, but-as 
a rule-they 
are not directly interchangeable. 
The closest recommended 
Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent 1S listed, or for further 
information, 
contact your local sales office. 


Closest 
Closest 
Closest 
Recommended 
Recommended 
Recommended 
Model 
Equivalent 
Model 
Equivalent 
Model 
Equivalent 


ADl08/208/308 
A0105 
A02037 
None 
AMP-OIBX 
AMP-OIAX 


ADl08N208N308A 
A0105 
AD2038 
None 
AMP-OIBXl883C 
AMP-OIAXl883C 


ADill/211/311 
AD790 
ADSOIO/6020 
AD9000 
AMP-05BX 
AMP-05AX 


A0345 
AD 1321/1322 
AD6012 
AD565A 
AMP-05BXl883C 
AMP-05Z/883C 


A0351 
.AD790 
AD7115 
AD7111 
APIl6201l718 
Consult ADI 
A0362 
AD 1362 
A01513 
ADG20lA 
BDM 1615/16/17 
None 


A0376 
AD1376 
A01516 
A01510DI 
BUF-03BJ/883C 
BUF-03AJ/883C 


ADSOI 
AD711 
AD7519 
None 
CAV-0920/1020 
AD9020/9060 
ADS02 
A0111 
A01527 
AD7548 
CAV-1202 
AD9005 
ADS05 
ADS09 
A01544 
AD7548 
CAV-l205 
AD9005 
ADS08 
ADSI7 
A01555 
ADII75K 
CMP-OI~ 
CMP-OIJ 
ADS II 
AD711 
AD7560 
None 
CMP-05BJ 
CMP-05CJ 
AD512 
AD711 
AD7570 
A01579/A01580 
CMP-05BZ 
CMP-05CZ 


ADS 13 
A0111 
A01571 
AD7579/AD7580 
CMP-05GJ 
CMP-05CJ 
ADSI4 
A0111 
A01583 
AD7880+MUX 
CMP-404BY 
CMP-404AY 
ADSI6 
A0111 
AD9011 
AD9002 
CMP-404BY/883C 
CMP-404AY/883C 
ADS20 
ADS24 
AD9521 
AD640 
DAC-02ACXI 
DAC-02CCXI 
ADS23 
ADS49 
AD9615 
AD9611/ AD96l7 
DAC-05AXl 
DAC-02CCXl 
ADS28 
A01I1/744 
AD9685 
AD96685 
DAC-05EXI 
DAC-02CCXl 
ADS30 
ADS33 
AD9687 
AD96686 
DAC-lOBX 
DAC-lOFX 


AD53l 
ADS32 
AD9688 
AD9002/ AD9028 
DAC-lOCX 
DAC-lOGX 


ADS40 
ADS44 
AD ADC-8l6 
AD7820/ AD782l 
DAC-lODF 
ADS68 


ADS59 
AD557/AD558 
ADC-8S 
AD673 
DAC-lOH 
DAC-lOZ 
ADS65 
ADS65A 
ADC-IOZ 
AD574A 
DAC-l4QM 
DACI136 
AD566 
AD566A 
ADC-l2QL 
AD7578 
DAC-l6QM 
DACll36 
AD6l2 
ADS24 
ADC-l2QZ 
ADS74NAD674A 
DAC-lOOAAQ7 
DAC-lOOACQ7 


AD6l4 
AD524 
ADC-14I1l7I 
ADll70 
DAC-lOOAAQ8 
DAC-lOOACQ8 


AD689 
ADS86 
ADC-lIOO 
AD7550/AD7552 
DAC-100ABQ7 
DAC-lOOACQ7 


AD80l 
A0111 
ADCII02 
AD7870 
DAC-IOOABQ8 
DAC-lOOACQ8 
AD8l0-813 
None 
ADCII03 
A01572A 
DAC-lOOBBQ5/ 
DAC-lOOACQ5/ 


AD8l4-8l6 
None 
ADCII05 
AD7550/A01552 
883C 
883C 
AD8l8 
None 
ADCII09 
AD7572A 
DAC-lOOBCQ7 
DAC-lOOBBQ7 


AD820-822 
None 
ADCIIll 
ADS74A 
DAC-lOODDQ7 
DAC-100CCQ7 
AD830-833 
None 
ADCll2l 
AD7880 
DAC-3l2BR 
DAC-3l2ER 
AD835-839 
None 
ADCll23 
A01880 
DAC-888AX 
DAC-888EX 


ADIl45 
AD7846 
ADCl133 
ADS74A 
DAC-888BX 
DAC-888EX 
ADl408 
ADS58 
ADC-QM 
ADS74NAD674A 
DAClO09 
AD767 


ADl508 
AD558 
ADC-QU 
ADS 74NAD674A 
DACII06 
AD568 
ADl678 
AD678 
AD DACIOO 
ADS61 
DAClll2 
DACI2QS • 


ADl679 
AD679 
ADG200 
None 
DACIIl8 
AD767 


ADl779 
AD779 
ADG20l 
ADG20lA 
DACll22 
AD754lA 
A02003 
AD202l 
ADLH0032G/CG 
AD843 
DAC1l25 
A01533 
AD2022 
None 
ADLH0033G/CG 
AD9620/ AD9630 
DACl132 
AD667 
AD2023 
None 
ADM50l 
None 
DAC-l408-6P 
DAC-I408-8P 
A02024 
None 
ADP50l 
None 
DAC-l408-7P 
DAC-l408-8P 
A02025 
None 
ADREFOl 
REF-OI 
DAC-l408-7Q 
DAC-l408-8Q 
AD2027 
None 
ADREF02 
REF-02 
DAC-l408-GQ 
DAC-l408-8Q 
AD2028 
None 
ADSHC:85 
ADS85 
DAC-1508A-8Q 
DAC-1408-8Q 
ADlO3b 
None 
ADSHM-5 
HTC-0300A 
DRCl605/06 
DRCl705/06; 
SDCl740 


Closest 
Closest 
Closest 
Recommended 
Recommended 
Recommended 
Model 
Equivalent 
Model 
Equivalent 
Model 
Equivalent 


DRCI765/66 
AD2S65/66 
OP-02EZ 
OP-I77GZ 
PM-157j 
PM-175j/883C 
DSCI605/06 
DSC1705/06; 
SDCI740 
OP-02j 
OP-02Aj 
PM-157j/883C 
PM-l 57Aj/883C 
DSC1765/66 
AD2S65/66 
OP-02/883C 
OP-02AZ/883C 
PM-208AJ 
PM-I08Aj/883C 
DTM17l6/17 
AD2S65/66 
OP-04DY 
OP-04CY 
PM-208AZ 
PM-I08AZ 
HAS-0802 
HAS1202A 
OP-04GBC 
OP-04NBC 
PM-308AZ 
PM-lOO8GZ 
HAS-IOO2 
HASI202A 
OP-04Y/883C 
OP-04A Y1883C 
PM-308j 
PM-lOO8G 
HAS-1202 
HAS1202A 
OP-05Z 
OP-05AZ 
PM-4136RC 
OP-llARC/883C 
HDD-1015 
AD9712A 
OP-05/883C 
OP-05AZ/883C 
PM-562AV 
PM-562HV 
HDD-1409 
None 
OP-06Bj/883C 
OP-06Aj/883C 
PM-562BV 
PM-562HV 
HDG-0805 
AD9701 
OP-06EZ 
OP-06GZ 
PM-562FV 
PM-562HV 
HDH-0802 
AD9713A 
OP-06FZ 
OP-06GZ 
PM-562GV 
PM-562HV 
HDH-lOO3 
AD9713A 
OP-08Aj 
PM-lOO8Aj 
PM-74lj 
OP-02Aj 
HDH-1205 
AD9713A 
OP-08Aj/883C 
PM-lOO8Aj/883C 
RAC1763 
None 
HDL-3805 
ADV453/ADV478 
OP-08AZ/883C 
PM-lOO8AZ/883C 
RDC1602/03 
RDC1702/03 
HDL-3806 
ADV453/ADV478 
OP-08CZ/883C 
PM-lOO8AZ/883C 
RDC1711 
None 
HDM-1210 
AD6681 AD9713A 
OP-08Ej 
PM-lOO8Ej 
RDCl72 1 
AD2S46 
HDS-0810E 
AD9712A 
OP-08EZ 
PM-lOO8EZ 
RDC1767 
RDC1768 
HDS-0820 
AD9713A 
OP-09ARC/883C 
OP-llARC/883C 
RSCT1621 
AD2S80Al82A 
HDS-I015E 
AD9712A 
OP-09FY 
OP-09EY 
RTI-l200 
RTI-711 Series 
HDS-I025 
AD9713A 
OP-12BZ 
OP-12AZ 
RTI-1201 
RTI-711 Series 
HDS-1250 
AD668/AD9713A 
OP-12CZ 
OP-12AZ 
RTI-1202 
RTI-711 Series 
HOS-lOOAHlSH 
None 
OP-12GZ 
OP-12FZ 
RTM1630-34 
RTM1680/83 
HOS-200 
AD9620/30 
OP-14DZ 
OP-l4CZ 
RTM1636 
Consult ADI 
HTC-0300 
HTC-0300A 
OP-l4GRBC 
OP-14GBC 
RTM1660/63nIl72 
Consult ADI 
HTC-0500 
HTC-0300A 
OP-14j/883C 
OP-14Aj/883C 
RTM1679 
None 
IPA-1751 
IPA-1764 
OP-15Bj 
OP-15Aj 
RTM1681/86187/89 
Consult ADI 
IRDC1730-33 
AD2S80Al82A 
OP-15BZ 
OP-15AZ 
RTM1690/96 
Consult ADI 
MAH-0801 
AD9005 
OP-16Bj 
OP-16Aj 
RTM1697 
None 
MAH-lOOl 
AD9005 
OP-17BZ/883C 
. OP-17AZ/883C 
RTM1736/37 
RDC1740 + CCT 
MAS-0801 
AD9005 
OP-17Cj 
OP-17Aj 
SAC1763 
None 
MAS-lOOl 
AD9005 
OP-17Fj 
OP-17Ej 
SBCDI 752/53156/57 
None 
MAS-1202 
AD9005 
OP-17FZ 
OP-17EZ 
SCDX1623 
None 
MAT -01/883C 
MAT -olAHI883C 
OP-2OCj 
OP-20Bj 
SCM1677 
None 
MAT-02BH 
MAT-02AH 
OP-21GRBC 
OP-21GBC 
SDCl602I3/4 
SDC1702/03/04/40 
MAT -02BHl883C 
MAT -02AHl883C 
OP-215Bj 
OP-215Aj 
SDC1711 
None 
MATV-0811 
AD9012148 
OP-215Bj/883C 
OP-215Aj/883C 
SDCl721 
AD2S46 
MATV-0816 
AD9012148 
OP-215BZ 
OP-215AZ 
SDC1767 
SDC1768 
MATV-0820 
AD90 12148 
OP-215CZ/883C 
OP-215BZ/883 
SERDEX 
lLMAC-5OOO 
MCI-1794 
AD2S80Al82A 
OP-21Bj 
OP-21Aj 
SHA-IA 
AD585 
MDA Family 
AD9712A113A 
OP-21BZ 
OP-21AZ 
SHA-2A 
AD781 
MDH Family 
AD9712A113A 
OP-21Ej 
OP-21Aj 
SHA-3 
AD585 
MDMS Family 
AD9712A113A 
OP-220Bj 
OP-220Aj 
SHA-4 
AD585 
MDS Family 
AD9712A113A 
OP-22Aj 
OP-22Aj/883C 
SHA-6 
ADI154 
MDSL Family 
AD9712A113A 
OP-22Ej 
OP-22Aj/883C 
SHA1ll4 
AD585 
MOD-lOO5/20 
AD9020/60 
OP-32BZ 
OP-32AZ 
SMP-IOBY 
SMP-IOAY 
MUX-08AQ 
MUX-08BQ 
OP-32BZ/883C 
OP-32AZ/883C 
SMP-IOBY1883C 
SMP-IOAY/883C 
MUX-24AQ 
MUX-24EQ 
OP-32FZ 
OP-32EZ 
SPA-1695 
None 
MUX-24BQ 
MUX-24FQ 
OP-50BY 
OP-50AY 
SSCT1621 
AD2S80Al82A 
MUX-16AT 
MUX-16ET 
OP-50BY/883C 
OP-50A Y/883C 
SSCT1622/23 
None 
MUX-16BT 
MUX-16FT 
OSC-1754 
OSC-1758 
STM163D-34 
STM1680/83 
OP-01Hj 
OP-OIJ 
PKD-OIBY 
PKD-OIAY 
STM1636 
Consult ADI 
OP-OIHZ 
OP-OIHP 
PKD-OIBY/883C 
PKD-OIAY/883C 
STM1660/63nl172 
Consult ADI 
OP-Q2B] 
OP-Q2A] 
PM-IllY 
PM-Ill] 
STMI679 
None 
OP-02Bj/883C 
OP-02Aj/883C 
PM-llY/883C 
PM-I 1lJ/883C 
STM 1681/86/87/89 
Consult ADI 
OP-02Ej 
OP-07Dj 
PM-139AY 
PM-139AY/883C 
STM1690/96 
Consult ADI 
OP-02EP 
OP-l77GP 
PM-l 56AZ 
PM-l 56AZ/883C 
STM1697 
None 
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Model 


STM1736137 
SW-OIBQ 
SW-7510AQ 
SW-7510BQ 
SW-7511AQ 
THC-Family 
THS-Family 


TSLl612 
IS10/20 
IS 14/24/44/64 
IS61 
2S20 
5S70/5S72 
9S70171172 
9S75176179 
41 
42 
43 
47 
48 
52 
102 
106 
107 
108 
110 
120 
141 
142 
143 
146 
149 
153 
161 
163 
165 
170 
180 
183 
220 
230 
231 
232 
233 
260 
272 
273 
276 
274J 
279 
280 
282J 
283J 
287 
301 
302 


Closest 
Recommended 
Equivalent 


SDC1740 
+ CCT 
SW-OIFQ 
SW-7510EQ 
SW-751OFQ 
SW-1577BQ 
HTC-03OOA 
HTC-03OOA 
Consult 
AD! 


IS4O; AD2S80Al82A 
IS74 
IS6O; AD2S80Al82A 
AD2S80Al82A 
AD2S75 
None 
None 
ADS15A 
ADS49 
ADS49 
AD845 
AD845 
AD707 
AD845 
118 
118 
AD845 
AD845 
50 
40 
AD845 
AD845 
AD382 
50 
ADS 17 
None 
None 
None 
None 
AD OP-07 
184 
234 
235 
233 
235 
None 
AD707 
None 
None 
None 
284J 
286J 
281 
292A 
292A 
None 
310 (Module) 
310 (Module) 


Model 


311 
350 
424 
426 
427 
428 
432 
454 
456 
602110 
6021100 
602Kloo 
603 
605 
606 
610 
752 
901 
907 
908 
909 
931 
932 
933 
935 
942 
944 
946 
948 
950 
956 
971 


Closest 
Recommended 
Equivalent 


ADS49 
None 
435/AD534 
ADS34 


None 
AD538 
None 
AD537 
ADS37 


AD524 
ADS24 
AD524 
ADS24 
ADS24 
AD625 
AD625 
759 
904 
921 
921 
921 
None 
None 
None 
None 
None 
None 
None 
947 
None 
None 
921 


Technical Publications 


Analog Devices provides a wide array of FREE technical publi- 
cations. These include Data Sheets, Catalogs, Application Notes 
and Guides and four serial publications: Analog Produ£tlog, a 
digest of new-production 
information; DSPateh ~ , a newsletter 
about digital signal-processing (applications); Analog Briefings~, 
current information about products for military/avionics and the 
status of reliability at ADI; and Analog Dialogue, our technical 
magazine, with in-depth discussions of products, technologies 
and applications. 


In addition to the free publications, 
a group of technical refer- 
ence books are available at reasonable cost. Subsystem products 
are supponed 
with hardware, software, and user documentation, 
at prices related to content. 


Brief descriptions of typical publications appear below. For 
copies of any items, to subscribe to any of our free serials or to 
request any other publications, 
please get in touch with Analog 
Devices or the nearest sales office. 


CATALOGS 
Data Acquisition 
Products 
Databooks. 
Contain selection 
guides, data sheets and other useful information about all 
Analog Devices ICs, hybrids, modules and subsystem com- 
ponents recommended 
for new designs. The current series 
consists of: 


DATA 
CONVERTER 
REFERENCE 
MANUAL-1992: 
Volumes 1 and 2. Data sheets and selection guides on AID and 
D/A Conveners, 
VIF and FN Conveners, 
SynchrolResolver-to- 
Digital Conveners, 
SamplelTrack-Hold 
Amplifiers, Switches 
and Multiplexers, 
Voltage References, Data-Acquisition 
Sub- 
systems, Analog I/O Pons, Communications 
Products, 
Bus In- 
terface and I/O Products, 
Application-Specific 
ICs, Digital Panel 
Meters, Power Supplies. (Available FREE) 


LINEAR 
PRODUCTS 
DATABOOK-1990/l991. 
Data Sheets 
and Selection Guides on Op Amps, Instrumentation 
Amplifiers, 
Isolators, RMS-to-DC Conveners, 
MultiplierslDividers, 
Log! 
Antilog Amplifiers, Comparators, 
Temperature-Measuring 
Com- 
ponents and Transducers, 
Special Function Components, 
Digital 
Panel Instruments, 
Signal-Conditioning 
Components and Sub- 
systems, Mass Storage Components, 
ATE Components, 
Auto- 
motive Components, 
Bus Interface and Serial I/O Products, 
Application Specific ICs. (Available FREE.) 


AUDIOIVIDEO 
REFERENCE 
MANUAL-SSM 
Audio Prod- 
u£ts from ADI's PMI Division: VCAs, Surround-Sound 
Decoder, 
Audio Preamplifiers, 
Audio Switches, Line DriverlReceiver, 
Audio Op Amps, Matched Transistors, 
Level Detection System, 
Voltage-Controlled 
Filters, Log Conversion Amplifier, Multi- 
plexed SamplelHold, 
plus 19 Application Notes. 


MILITARY 
PRODUCTS 
DATABOOK-1990 
(in two vol- 
umes) Information and data on products available with process- 
ing in accordance with MIL-STD-883. 


Volume 2: PMI Division products-including 
Class S 
Volume 1: All other Analog Devices products 


DATA-ACQUISITION 
AND 
CONTROL 
CATALOG-1990. 
TUlUcial and Couflgucalioll Guide, with Producl Reference 
and Index. Bus-Compatible 
I/O Boards for: IBM PS/2,* IBM 
PClXT/AT,* 
STD Bus, VMEbus, MULTIBUS.t 
Distributed 
I/O Subsystems-fixed-function 
front ends, programmable 


units, and distributed 
control systems. Modular Signal Condi- 
tioners-analog 
and digitizing. Analog Signal-Conditioning 
Panels-isolated 
and nonisolated. 
Digital Subsystems-16- 
and 
24/3Z-channel. Software-DOS 
drivers and applications 
packages. 


POWER 
SUPPLIES:t.-Linear 
SuppliesoDC-DC Conveners. 
lZ-page Shon-Form 
Catalog listing ACIDC Power Supplies, 
Modular DC/DC Conveners, 
Power-Supply Test Procedures, 


Transients, 
Thermal Derating, Mechanical Outlines of Packages 
and Sockets. 


APPLICATION 
NOTES 
Available individually upon request: 


AID Converters 
"AD671 12-Bit, Z-MHz ADC Digitizes CCD Outputs for 
Imaging Applications" 
[E1455] 
"AD7672 Convener 
Delivers lZ-Bit ZOO-kHzSampling 
Systems" [EBB] 
"Asynchronous Clock Interfacing with the AD7878" [E1334] 
"Bipolar Operations with the AD7572" [EIOIO] 
"Evaluation Board for the AD7701lAD7703 
Sigma-Delta 
AID Conveners" 
[E1483] 
"FIFO 
Operation and Boundary Conditions in the AD133Z 
and AD1334" [E1355] 
"How to Obtain the Best Performance from the AD7572" 
[E1038] 
"Implement 
Infinite Sample-and-Hold 
Circuits Using 
Analog Input/Output 
Pons" 
(E1359] 


"Simple Circuit Provides Ratiometric Reference Levels for 
AD78ZX Family of Half-Flash ADCs" [E1412] 
"Simultaneous 
and Independent 
Sampling of Analog Signals 
with the AD1334" [E1358] 
"The AD7574 Analog-to-Microprocessor 
Interface" 
[E694] 


"Using Multiple AD1334s in Many-Channel 
Synchronous 
Sampling Applications" 
[E1435] 


Amplifiers 
"A Balanced-Input 
High-Level Amplifier" [AN-HZ] 
"Active Feedback Improves Amplifier Phase Accuracy" 
[AN-107] 
"AD9617/AD9618 
Current-Feedback 
Amplifier Macro- 
Models" [E1460] 
"An IC Amplifier User's Guide to Decoupling, 
Grounding, 
and Making Things Go Right for a Change" [AN-202] 
"An Ultralow-Noise Preamplifier" 
[AN-136] 
"An Unbalanced Virtual-Ground 
Summing Amplifier" 
[AN-ll3] 
"Applications of High-Performance 
BiFET Op Amps" [E727] 
"CMOS DACs and Operational Amplifiers Combine to 
Build Programmable-Gain 
Amplifiers" (in 2 pans: I and II) 
[EI073A and ElllO] 


Analog Rriefmgs is a registered trademark of Analog Devices, Inc. 
DSPatc::h is a trademark of Analog Devices, Inc. 


Word·Slice 
is a reaistered 
trademark 
of Analoa: Devices. 
Inc. 
°pClXT/AT, 
PS/2 and Micro Channel are trademarks 
of International 
Business 
Machines 
Corporation. 
tMUL TffiUS is a trademark of Intel Corporation. 
fThis 
publication 
is available 
in North 
America 
only. 


"How to Test Basic Operational Amplifier Parameters" 
[AN-201] 
"]FET-Input 
Amps Are Unrivalled for Speed and Accuracy" 
[AN-I08] 
"Low-Cost Two-Chip Voltage-Controlled 
Amplifier and Video 
Switch" (AD539) [AN-213] 
"Using the AD9610 Transimpedance 
Amplifier" [EI097] 


"Very Low-Noise Operational Amplifier" (OP-27) [AN-l02] 


Analog Signal-Processing 
and Measurement 


"A Function Generator and Linearization Circuit Using the 
AD7569" [E1369] 
"Precision Surface Measurements 
Using the AD2S58" 
[E1486] 
"RMS-to-DC 
Converters Ease Measurement Tasks" 


[E1519] 
"Understanding 
and Applying the AD7341/AD7371 
Switched-Capacitor 
Filters" [E 1373] 


Audio 
"A Balanced Mute Circuit for Audio Mixing Consoles" 
[AN-122] 
"A Constant-Power 
'Pan' Control Circuit for Microphone 
Audio Mixing" [AN-l23] 
"A High-Performance 
Compandor for Wireless Audio 
Systems" [AN-133] 
"An Automatic Microphone Mixer" [AN-134] 
"An Ultralow Noise Preamplifier" 
[AN-136] 


"A Precision Sum and Difference (Audio Matrix) Circuit" 
[AN-129] 
"A Two-Band Audio Compressor/Limiter" 
[AN-130] 


"A Two-Channel Dynamic Filter Noise Reduction System" 
[AN-125] 
"High Performance Stereo Routing Switcher" [AN-l2l] 
"Interfacing 
Two 16-Bit AD1856 (AD1851) Audio DACs with 
the Philips SAA7220 Digital Filter" [AN-207] 
"Three High-Accuracy RIANIEC 
MC and MM Phono 
Preamplifiers" 
[AN-124] 


D/A Converters 


"AD7528 Dual 8-Bit CMOS DAC" [E757] 
"Analog Panning Circuits Provide Almost Constant Output 
Power" [AN-206] 
"Circuit Applications of the AD7226 Quad CMOS DAC" 
[E873] 
"CMOS DACs and Operational Amplifiers Combine to Build 
Programmable-Gain 
Amplifiers" (in 2 parts: I and II) 
[EI073A and ElllO] 
"Dynamic Performance of CMOS DACs in Modem 
Applications" 
[El172] 
"8th Order Programmable 
Low-Pass Filter Using Dual 12-Bit 
DACs" [AN-209] 
"Exploring the AD667 12-Bit Analog Output Port" [E875] 
"14-Bit DACs Maintain High Performance Over Extended 
Temperature 
Range" [E987] 
"Gain Error and Tempco of CMOS Multiplying DACs" 
[E63OCJ 
"Generate 4 Channels of Analog Output Using AD7542 12-Bit 
D/A Converters and Control the Lot with Only Two Wires" 
[E909] 


"Interfacing 
the AD7549 Dual 12-Bit DAC to the MCS-48 
and MCS-51 Microcomputer 
Families" [E941] 


"Replacing the AD1145 with the AD7846" [EI467] 
"Simple Interface Between D/A Converter and Microcomputer 
Leads to Programmable 
Sine-Wave Oscillator" (AD7542) 


[E889] 
"The AD7224 DAC Provides Programmable 
Voltages Over 
Varying Ranges" [E910] 
"Three-Phase 
Sine-Wave Generation Using the AD7226 Quad 
DAC" [E924] 
"Understanding 
and Preventing Latchup in CMOS DACs" 


[AN-I09] 
"Voltage Adjustment Applications of the DAC-8800 
TrimDAC", 
an Octal 8-Bit D/A Converter" 
[AN-142] 


Digital Signal-Processing 


"Considerations 
for Selecting a DSP Processor" (ADSP-2100A 
vs. TMS320C25) [E1306] 
"Considerations 
for Selecting a DSP Processor" (ADSP-2101 
vs. WE DSP16A) [El446] 
"Considerations 
for Selecting a DSP Processor" (ADSP-2l01 


vs. TMS320C50) [E1558] 
"Implement 
a Cache Memory in Your Word-Slice~ System" 


[EI062] 
"Sharing the Output Bus of the ADSP-1401 Microprogram 
Sequencer" [EI059] 
"Using Digitally Programmable 
Delay Generators" 
[E1518a] 
"Variable-Width 
Bit Reversing with the ADSP-1410 Address 
Generator" 
[EI061] 


Disk-Drive 
Electronics 


"Microstepping 
Drive Circuits for Single Supply Systems" 


[E1229A] 
"Simple DAC-Based Circuit Implements Constant Linear 
Velocity (CLV) Motor Speed Control" [E1236] 


Modelling 
"AD9617/AD9618 
Current-Feedback 
Amplifier Macro- 
Models" [EI460] 
"OP-42 Advanced SPICE Macro-Model" 
[AN-117] 


"OP-64 Advanced SPICE Macro-Model" 
[AN-110] 


"OP-260 Advanced SPICE Macro-Model" 
[AN-126] 
"OP-400 SPICE Macro-Model" 
[AN-120] 
"OP-470 SPICE Macro-Model" 
[AN-132] 
"SPICE-Compatible 
Op Amp Macro-Models" 
[AN-138] 


Power Supply 
"A Low-Voltage Power Supply Watchdog Monitor Circuit" 
[AN-139] 


Practice 
"An IC Amplifier User's Guide to Decoupling, 
Grounding, 
and Making Things Go Right for a Change" [AN-202] 
"How to Reliably Protect CMOS Circuits Against Power- 
Supply Overranging" 
[C1499] 


Repeater 
Circuits 


"Improved 
T148 (CEPT) PCM Repeater for #22AWG 


(0.7mm) Unshielded Twisted-Pair Wire" [AN-119] 


Resolver (Synchro) 
to Digital Conversion 


"Circuit Applications of the 2S81 and 2S80 Resolver-to- 
Digital Converters" 
[E 1140] 
• 


"Dynamic Characteristics of Tracking Converters" 
[E1141] 
"Dynamic Resolution-Switching 
on the IS74 Resolver-to- 
Digital Converter" 
[E919] 
"Using the 2S80 Series Resolver-to- Digital Converters with 
Synchros: Solid-State Scott-T Circuit" [E1361] 
"Why the Velocity Output of the IS74 and IS64 Series RID 
Converters is Continuous and Step-Free Down to Zero 
Speed" [E893] 


Sample-Holds 


"Applying IC Sample-Hold Amplifiers" [E931] 
"Generate 4 Channels of Analog Output Using AD7542 12-Bit 
D/A Converters and Control It All with Only Two Wires" 
[E909] 
"Implement 
Infinite Sample-and-Hold 
Circuits Using Analog 
Input/Output 
Ports" [E1359] 


Switches and Multiplexers 
"ADG201N202A 
and ADG221/222 Performance with 
Reduced Power Supplies" [E1052] 
"Bandwidth, 
OFF Isolation, and Crosstalk Performance of the 
ADG5XXAA Multiplexer Series" [E1340] 
"Overvoltage Protection for the ADG5XXA Multiplexer 
Series" [E1237] 
"RoN Modulation in CMOS Switches and Multiplexers; 
What 
it Is and How to Predict its Effect on Signal Distortion" 
[E1470] 


Temperature 
Measurement 


"A Cost-Effective Approach to Thermocouple 
Interfacing in 
Industrial Systems" [E730] 
"Use of the AD590 Temperarure 
Sensor in a Remote Sensing 
Application" 
[E920] 


VIF Converters 


"Analog-to-Digital 
Conversion Using Voltage-to-Frequency 
Converters" 
[E994A] 


"Operation 
and Applications of the AD654 IC V-to-F 
Converter" 
[E923] 
"Using the AD650 Voltage-to-Frequency 
Converter as a 
Frequency-to-Voltage 
Converter" 
[E1539] 


Video Applications 


"Animation Using the Pixel Read Mask Register of the 
ADV47X Series of Video RAM-DACs" 
[E1316] 


"Changing Your VGA Design from a 171/176 to an 
ADV471" [E1260] 
"Design and Layout of a Video Graphics System for 
Reduced EMI" [E1309] 
"Improved 
PCB Layouts for Video RAM-DACs Can Use 
Either PLCC or DIP Package Types" [E1225] 
"Low Cost Two-Chip Voltage-Controlled Amplifier and 
Video Switch." (AD539) [AN-213] 
"The AD9502 Video Signal Digitizer and Its Applications" 
[E1173] 
"Video Formats & Required Load Terminations." 
[AN-205] 


APPLICATION 
GUIDES 
Analog CMOS 
S",itrhps and M"ltipl,xPrS. A 16-page short-form 
guide to high-speed CMOS switches, CMOS switches with di- 
electric isolation and CMOS multiplexers. 
Also included are reli- 
ability data and information on single-supply operation. 


Applications Guide for Isolation Amplifiers and Signal Conditioners. 
A 20-page guide to specifications and applications of galvanically 
isolated amplifiers and signal conditioners for industrial, 
instru- 
mentation and medical applications. 


CMOS DAC Application Guide 3rd Edition by Phil Burton 
(1989-64 
pages). Introduction 
to CMOS DACs, Inside CMOS 
DACs, Basic Application Circuits in Current-Steering 
Mode, 
Single-Supply Operation Using Voltage-Switching Mode, The 
Logic Interface, Applications. 


ESD Prevention Manual - Protecting ICs from electrostatic dis- 
charges. Thirty pages of information that will assist the reader 
in implementing 
an appropriate and effective program to assure 
protection against electrostatic discharge (ESD) failures. 


High-Speed Data Conversion - A 24-page short-form guide to 
video and other high-speed ND and D/A converters and 
accessories, in forms ranging from monolithic ICs to card-level 
products. 


RMS-to-DC 
Conversion Application Guide 2nd Edition by 
C. Kitchin and L. Counts (1986-61 
pages). RMS-DC Conver- 
sion: Theory, Basic Design Considerations; 
RMS Application 
Circuits; Testing Critical Parameters; Input Buffer Amplifier 
Requirements; 
Programs for Computing Errors, Ripple and 
Settling Time. 


Surface Mount IC:f:-A 
28-page guide to ICs in SO and PLCC 
packages. Products include op amps, rms-to-dc converters, 
DACs, ADCs, VFCs, sample-holds and CMOS switches. 


DIGITAL 
SIGNAL 
PROCESSING 
MANUALS 
Available at no charge for single copies; write on letterhead. 


ADSP-2101IADSP-2102 
USER'S 
MANUAL-Architecture. 


[Fixed-point processor] Introduction; 
Computational 
Units; 
Data Moves, Program Control; Timer; Serial Ports; System In- 
terface; Memory Interface; Instruction 
Set Overview; Appen- 
dixes; Index. 190 pages. 


ADSP-2111 
USER'S 
MANUAL-Architecture. 
[Fixed-point 
processor] Introduction; 
Computational 
Units; Data Moves; Pro- 
gram Control; Timer; Host Interface Port; Serial Ports; System 
Interface; Memory Interface; Instruction 
Set Overview; Appen- 
dixes; Index. 218 pages. 


ADSP-21020 
USER'S 
MANUAL. 
[Floating-point 
processor] 
Introduction; 
Computational 
Units; Program Sequencing; Data 
Addressing; Timer; Memory Interface; Instruction 
Summary; 
Assembly Programmer's 
Tutorial; Hardware System Configura- 
tion; Appendixes; Index. 394 pages. 


TECHNICAL 
REFERENCE 
BOOKS 
Can be purchased from Analog Devices, Inc., at the prices 
shown. If more than one book is ordered, deduct a discount of 
$1.00 from the price of each book. Price of the entire set of 9 
books is $166.00-a 
bargain for your department's 
library (in 
effect, the nonlinear, transducer, 
and high-speed books come 
free). VISA and MasterCard are welcome; phone (617) 461-3392 
or FAX (617)821-4273. Or send your check for the indicated 
amount to Analog Devices, Inc., P.O. Box 9106, Norwood, MA 
02062-9106. 


ANALOG-DIGITAL 
CONVERSION 
HANDBOOK: 
Third 
Edition, by the Engineering Staff of Analog Devices, edited by 
Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice Hall 
(1986). A comprehensive guide to AID and D/A converters and 
their applications. This third edition of our classic is in hard- 
cover and has more than 700 pages, an Index, a Bibliography, 
and much new material, including: video-speed, synchro- 
resolver, VIF, high-re.solution, and logarithmic converters, ICs 
for DSP, and a "Guide for the Troubled." 
Seven of its 22 chap- 


ters are totally new. 
$32.95 


DIGITAL 
SIGNAL-PROCESSING 
APPLICATIONS 
US- 
ING THE ADSP-2100 
FAMILY, 
by the Applications Staff of 
Analog Devices, DSP Division; edited by Amy Mar (628 pages). 
Englewood Cliffs NJ: Prentice Hall (1990). Bridge the gap be- 
tween DSP algorithms and their real-world implementation 
on 
state-of-the-art 
signal processors. Each chapter tackles a specific 
application topic, briefly describing the algorithm and discussing 
its implementation 
on the ADSP-2100 family of DSP chips. 


Comprehensive source-code listings are complete with comments 
and accompanied by explanatory text. Programs are listed on a 
pair of supplementary 
diskettes-furnished 
with the book. Ap- 
plication areas include fixed- and floating-point arithmetic, 
func- 
tion approximation, 
digital ftlters, one- and two-dimensional 
FFTs, image processing, graphics, LP speech coding, PCM, 
ADPCM, high-speed modem algorithms, DTMF coding, sonar 
beamforming. 
Additional topics include memory interface, mul- 
tiprocessing, and host interface. The book can serve as a com- 
panion to Digital Signal Processing in VLSI. 
Price includes 


diskettes. 
$38.00 


DIGITAL 
SIGNAL 
PROCESSING 
IN VLSI, 
by Richard J. 


Higgins. Englewood Cliffs NJ: Prentice Hall (1990). An intro- 
ductory 614-page guide for the engineer and scientist who needs 
to understand 
and use DSP algorithms and special-purpose DSP 
hardware ICs-and 
the software tools developed to carry them 
out efficiently. Real-World Signal Processing; Sampled Signals 
and Systems; The DFT and the FFT Algorithm; Digital Filters; 
The Bridge to VLSI; Real DSP Hardware; 
Software Develop- 
ment for the DSP System; DSP Applications; plus Bibliography 
and Index. 
$38.00 


NEW-DIGITAL 
SIGNAL 
PROCESSING 
LABORATORY 
Using the ADSP-2101 
Microcomputer, by Vinay K. Ingle and 
John G. Proakis (Northeastern 
University). Englewood Cliffs 
NJ: Prentice Hall (1991). Contents: Introduction 
to the ADSP- 
2100/2101 family; ADSP-2101 instruction set overview; Over- 
view of development tools; Getting started with the ADSP-2101; 
Laboratory experiments using the ADSP-2101; FIR ftlter imple·· 
mentation; IIR filter implementation; 
Fast Fourier transform 
implementation; 
Applications in communications; 
Adaptive fil- 
ters and their applications; References; Index. 
$24.00 


HIGH-SPEED 
DESIGN 
SEMINAR, 
published by Analog 
Devices (1990). A 496-page guide to the practical application of 
high-speed semiconductor 
devices in processing of analog sig- 
nals. Topics include: data conversion, digital video applications, 
high-speed sample-holds and operational amplifiers, nonlinear 
signal processors (including log amps), comparators and pin 
electronics, time-delay generators, phase-locked loops, direct 
digital synthesis, computer graphics and RAMDACs, and high- 
speed techniques. 
$20.00 


NEW-MIXED-SIGNAL 
DESIGN 
SEMINAR, 
published by 
Analog Devices (1991). Contents: Introduction 
to mixed-signal 
processing of real-world signals and signal conditioning; 
Linear 
and nonlinear analog signal processing; Fundamentals 
of 
sampled-data systems; ADCs for DSP applications; DACs for 
DSP applications; Sigma-delta ADCs and DACs; Digital signal- 
processing techniques; DSP hardware; Interfacing ADCs and 
DACs to digital signal processors; Mixed-signal processing appli- 
cations; Mixed-signal circuit techniques; 
Index. 
$22.00 


NONLINEAR 
CIRCUITS 
HANDBOOK: 
Designing with 
Analog Function Modules and ICs, by the Engineering 
Staff of 
Analog Devices, edited by Daniel H. Sheingold. Norwood MA: 
Analog Devices, Inc. (1974). A 540-page guide to multiplying 
and dividing, squaring and rooting, rms-to-dc conversion, and 
multifunction 
devices. Principles, circuitry, performance, 
speci- 
fications, testing, and application of these devices-<ontains 
325 
illustrations. 
$5.95 


SYNCHRO 
& RESOLVER 
CONVERSION, 
edited by Geoff 
Boyes. Norwood, MA; Analog Devices, Inc. (1980). Principles 
and practice of interfacing synchros, resolvers, and Inductosyns* 
to digital and analog circuitry. 
$11.50 


TRANSDUCER 
INTERFACING 
HANDBOOK: 
A Guide to 
Analog Signal Conditioning, edited by Daniel H. Sheingold. Nor- 
wood MA: Analog Devices, Inc. (1980). A book for the elec- 
tronic engineer who must interface transducers 
for temperature, 
pressure, force, level, or flow to electronics, these 260 pages tell 
how transducers work-as 
circuit elements-and 
how to connect 
them to electronic circuits for effective processing of their 
~.. 
$~~ 
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North American Sales Offices and Representatives 


Alabama 
Georgia 
Michigan 
New York 
Texas 
(205) 536-1506 
(404) 497-9404 
(313) 489-1500 
(516) 673-1900 
*(214) 231-5094 


Alaska 
*(404) 263-7995 
*(313) 348-5795 
(716) 381-9100 
Utah 
*(206) 575-6344 
Hawaii 
Minnesota 
North Carolina 
(801) 466-9336 
*(714) 641-9391 
*(714) 641-9391 
(612) 835-2414 
(919) 373-0380 
Vermont 
Arizona 
Idaho 
Mississippi 
(704) 846-1702 
*(617) 329-4700 
(602) 949-0048 
(303) 443-5337 
(205) 536-1506 
North Dakota 
Virginia 
Arkansas 
*(206) 575-6344 
Missouri 
(612) 835-2414 
*(301) 992-1994 
*(214) 231-5094 
Illinois 
(314) 521-2044 
Ohio 
Washington 
California 
(708) 520-0710 
(913) 829-2800 
(216) 247-0060 
*(206) 575-6344 
*(714) 641-9391 
Indiana 
Montana 
*(614) 764-8795 
West Virginia 
*(408) 559-2037 
(317) 244-7867 
(801) 466-9336 
Oklahoma 
(412) 745-8441 
*(619) 268-4621 
Iowa 
*(714) 641-9391 
*(214) 231-5094 
*(614) 764-8795 
Colorado 
(319) 373-0200 
Nebraska 
Oregon 
Wisconsin. 


(303) 443-5337 
Kansas 
(913) 829-2800 
*(206) 575-6344 
(414) 784-7736 
*(303) 666-8874 
(913) 829-2800 
Nevada 
Pennsylvania 
Wyoming 
Connecticut 
Kentucky 
(505) 828-1300 
(412) 745-8441 
(801) 466-9336 
(516) 673-1900 
(615) 459-0743 
*(408) 559-2037 
*(215) 643-7790 
*(714) 641-9391 
Puerto Rico 
(203) 431-4151 
*(617) 329-4700 
Rhode Island 
*(617) 329-4700 
*(617) 329-4700 
Louisiana 
New Hampshire 
*(617) 329-4700 
*(617) 329-4700 
Canada 
Delaware 
*(214) 231-5094 
South Carolina 
(416) 821-7800 
*(215) 643-7790 
Maine 
New Jersey 
(919) 373-0380 
(613) 564-0014 
Florida 
*(617) 329-4700 
(201) 761-1846 
South Dakota 
(514) 697-0801 
(407) 855-0843 
(201) 972-7788 
(612) 835-2414 
(604) 465-6892 
(407) 724-6795 
Maryland 
(516) 673-1900 


(813) 963-1076 
*(301) 992-1994 
*(215) 643-7790 
Tennessee 
Mexico 


(904) 994-0599 
Massachusetts 
New Mexico 
(205) 536-1506 
*(617) 329-4700 


*(407) 660-8444 
*(617) 329-4700 
(505) 828-1300 
(615) 459-0743 


North American Distributors 


Alliance Electronics (505) 29~-3360, Allied Electronics (817) 595-3500, Anthem Electronics (408) 453-1200, Bel/Industries 
(213) 826- 


6778, Future Electronics (Canada) (514) 694-7710, Future Electronics (U.S.A.) (508) 779-3013, Hal/-Mark Electronics (214) 343-5000, 
Newark Electronics (312)784-5100, Pioneer Standard Electronics (216) 587-3600 and Pioneer Technologies Group (301) 921-0660. 


Australia 
N. S. D. Australia 
Melbourne 
(3) 8900970 
Sidney 
(2) 646-5255 
Brisbane 
(7) 845-1911 
Adelaide 
(8) 211-8499 


Hong Kong 
General Engineers 
Hong Kong 
8339013 
Tektron Electronics 
(HK) Ltd. 


388-0629 
India 
Pune 
(212) 342150 
New Delhi 
(11) 6862460 
Bangalore 
(812) 560506 


*Analog 
Devices, Inc., Direct Sales Offices 


Malaysia 
Excelpointe Systems 
PTE 
(65) 2848537 
(Singapore) 


Mexico 
Canadien 
(83) 652020 


New Zealand 
N. S. D. Australia 
(61 3) 8900970 
Brazil 
Hicad Sistemas Ltda. 


(11) 531-9355 


People's Republic of 
China - Beijing 
Excelpoint Company 
Limited 
(1) 8498888 Ext 20635 


Singapore 
Excelpointe Systems 
PTE 
2848537 


South Africa 
Analog Data Products 
CC 
(11) 444-8160 


Taiwan 
Andev Technology 
Co., Ltd. 


(2) 763-0910 
MSI International 
Corp. 


(2) 719-8419 
Jeritron 
Ltd. 
(2) 88 20710 
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ACI226 
L 
AC2626 
L 
eAD2S34 
C I 3-7 
eAD2S44 
C I 3-15 
eAD2S46 
C I 3-23 
eAD2S47 
C I 3-31 
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C I 3-35 
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C I 3-97 
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C I 3-101 
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C I 3-105 
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C I 4-25 
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AD201 
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AD203 
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L 
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AD208 
L 
AD210 
L 
eAD230 
C I 4-29 
eAD23 I 
C I 4-29 
eAD231A 
C I 4-41 
eAD232 
C I 4-29 
eAD232A 
C I 4-41 
eAD233 
C I 4-29 
eAD233A 
C I 4-41 
eAD234 
C I 4-29 
eAD235 
C I 4-29 
eAD236 
C I 4-29 
eAD237 
C I 4-29 
eAD238 
C I 4-29 
eAD239 
C I 4-29 
eAD24 I 
C I 4-29 
AD293 
L 
AD294 
L 
AD295 
L 
AD301 
L 
AD346 
C II 4-7 


AD363 
C II 7-5 


AD364 
C II 7-5 


AD365 
L 
AD367 
D 
AD368 
D 
AD369 
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AD370/371 
D 
AD380 
L 
AD381 
L 
AD382 
L 
AD386 
C II 4-11 
AD389 
C II 4-25 
AD390 
C I 2-23 
AD392 
D 
AD394 
C I 2-31 
AD395 
C I 2-31 
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AD503 ......................•............ 
L 
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L 
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L 
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L 
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L 
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L 
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L 
AD536A 
L 
AD537 
C II 3-7 
AD538 
L 
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L 
AD542 
L 
AD544 
L 
AD545 
L 
AD545A 
L 
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L 
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L 
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C I 2-43 
AD558 
C I 2-47 
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AD573 
C II 2-33 
A0574A 
C II 2-41 
AD575 
C II 2-53 
AD578 
C II 2-{)1 
AD579 
C II 2-{)1 
AD580 
C II 6--5 
AD581 
C II 6--9 
AD582 
C II 4-29 
AD583 
C II 4-33 
AD584 
C II 6--15 
AD585 
C II 4-35 
AD586 
C II 6--23 
AD587 
C II 6--31 
AD588 
C II 6--39 
AD589 
C II 6--51 
AD590 
L 
AD592 
L 
AD594/595 
L 
AD596/597 
L 
AD598 
L 
AD611 
L 
AD624 
L 
A0625 
L 
A0630 
L 
A0632 
L 
A0633 
L 
AD636 
L 
AD637 
L 
AD639 
L 
AD640 
L 
A0642 
L 
AD644 
L 
A0645 
L 
AD647 
L 
A0648 
L 
AD650 
C II 3--15 
AD651 
D 
AD652 
C II 3--27 
AD654 
C II 3--43 
AD664 
C I 2-95 
AD667 
C I 2-115 
AD668 
C I 2-123 
eAD669 
C I 2-139 
AD670 
C II 2-69 
AD671 
C II 2-81 
AD673 
C II 2-97 
AD674A 
C II 2-105 
eAD674B 
C II 2-109 
eAD675 
C II 2-121 
eAD676 
C II 2-123 
AD678 
C II 2-137 
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C II 2-149 


eAD680 
C II 6--55 
eAD682 
C II 4-41 
A0684 
C II 4-49 
eAD688 
C II 6-{)3 
AD693 
L 
A0694 
L 
AD704 
L 
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L 
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L 
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L 
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L 
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C II 2-109 
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C II 2-189 
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C II 2-191 
eAD781 
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AD790 
L 
AD827 
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AD840 
L 
AD841 
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AD842 
L 
AD843 
L 
AD844 
L 
AD845 
L 
AD846 
L 
AD847 
L 
AD848 
L 
AD849 
L 
AD880 
L 
AD890 
L 
AD891 
L 
AD892 
L 
AD897 
L 
AD1139 
C I 2-167 
A01147 
C I 11-4, 
C II 12-4 
AD1148 
C I 11-4, 
C II 12-4 
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AD5539 
·ci4-47 
.AD7001 
C 1 4-59 
.AD7002 
C 1 4-75 
.AD7005 
C 1 4-91 
eAD7008 
'. " 
D 
AD7110 . . . . . . . 
. . . . . . . . . . . . .. 
C 1 2-247 
AD7111 
C 1 2-253 
AD7118 
C 1 2-259 
AD7224 
C 1 2-279 
AD7225 
C 1 2-291 
AD7226 
C 1 2-323 
AD7228 
C 1 2-331 
.AD7228A 
:::::: 
C 1 2-339 
.AD7233 
. . . . . . . . . . . . . . . . . . . . . . . 
C 1 2-347 
AD7237 
: 
D 
AD7240 . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
C 1 2-359 
.AD7242 
C 1 2-371 
.AD7243 
C 1 2-359 
.AD7244 
: : C 1 2-383 
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C 1 2-385 
.AD7245A 
C 1 2-347 
AD7247 
C 1 2-383 
AD7248 
C 1 2-385 
.AD7248A 
C 1 4-93 
.AD7306 
::::::: 
C 1 4-99 
AD7341 
C 1 4-99 
AD7371 
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AD7501 
C II 5-9 
AD7502 
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AD7503 
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AD7506 
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D 
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~gi;~~::::::::::::::::::::::::::::::::::g 
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. .. 
D 
AD7525 
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AD7528 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
D 
AD7530 
D 
AD7531 
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AD7533 
C 1 2-455 
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AD7541 
: : : C'I'2:"'S07 
AD7541A 
............•........... 
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AD7542 
C I 2-525 
AD7543 
C I 2-545 
AD7545 
C I 2-565 
AD7545A 
C I 2-585 
AD7546 
D 
AD7547 
C I 2-593 
AD7548 
C I 2-{i()1 
AD7549 
C I 2--{j29 
AD7550 
D 
AD7552 
D 
eAD7564 
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eAD7568 
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eAD7572A 
C II 2-303 
AD7574 
ell 2-315 
AD7575 
C II 2-323 
AD7576 
D 
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AD7579 
C II 2-347 
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C II 2-371 
eAD7586 
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AD7590DI 
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C II 8-7 
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C II 2-403 
eAD7703 
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C II 2-435 
eAD7711 
C II 2-457 
eAD7712 
C II 2-479 
eAD7713 
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AD7772 
D 
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eAD7774 
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C II 8-43 
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C II 2-509 
AD7820 
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C II 2-521 
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C II 2-533 
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AD7840 
C I 2--{j93 
AD7845 
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eAD7847 
C I 2--{j81 
AD7848 
C I 2-735 
eAD7868 
C II 8-79 
eAD7869 
C II 8-95 
AD7870 
C II 2-545 


AD7871 
C II 2-563 
AD7872 
C II 2-563 
eAD7874 
C II 2-579 


eAD7875 
C II 2-545 
eAD7876 
C II 2-545 
AD7878 
C II 2-595 


eAD7880 
C II 2--{j11 
eAD7884 
C II 2--{j25 
eAD7885 
C II 2--{j25 
eAD7886 
C II 2--{j37 
eAD7890 
C II 2--{j53 
eAD7891 
C II 2--{j59 
eAD7892 
C II 2-663 
eAD7893 
C II 2-669 
AD9000 
C II 2--{j73 
AD9002 
C II 2--{j81 
AD9003 
C II 2--{j89 


eAD9005A 
C II 2--{j97 


AD9006 
c II 2-705 
AD9012 
ell 2-721 
eAD9014 
ell 2-729 


AD9016 
ell 2-705 
eAD9020 
C II 2-741 
AD9028 
C II 2-753 


eAD9032 
C II 2-765 
eAD9034 
C II 2-765 


AD9038 
C II 2-753 


eAD9040 
C II 2-769 


AD9048 
C II 2-773 


eAD9058 
C II 2-781 


eAD9060 
C II 2-789 


eAD9100 
C II 4-75 


AD9300 
C II 5-31 


AD9500 
L 
AD9501 
L 
AD9502 
D 
AD9610 
L 
AD9611 
L 


AD9617 
L 
AD9618 
L 


AD9620 
L 
AD9630 
L 


AD9686 
L 
AD9696 
L 


AD9698 
L 


AD9701 
C I 2-747 


AD9712 
C I 2-753 


eNew product since publication of the most recent Databooks. 
·c I = Dala Converter Reference Manual, 
Volume I; C II = Dala Converter Referen<e Manual, 
Volume II; D = Data sheet available, consult factory; 
L = Linear ProdUl:/SDalabook; P = Precision Monolithi<s Division Dalabook. 


Model 
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eAD9712A 
C I 2-761 
AD9713 
C I 2-753 
eAD9713A 
C I 2-761 
eAD9720 
C I 2-765 
eAD9721 
C I 2-765 
AD9768 
C I 2-769 
AD9901 
C I 4-115 
eAD9950 
C I 4-123 
eAD22001 
L 
eAD22050 
L 
eAD22100 
L 
eAD22150 
L 
eAD22180 
L 
eAD22181 
L 
AD75004 
C I 2-773, C I 8-1, C II 9-1 
eAD75019 
C II 5-39 
AD75068 
C I 8-1, C II 9-1 
eAD75069 
C I 2-777 
eAD75089 
C I 2-777 
eAD75090 
C I 2-777 
AD79015 
C I 8--1, C II 7-49, C II 9-1 
eAD79024 
C II 7-57 
AD96685 
L 
AD96687 
L 
AD ADC71 
C II 2-801 
AD ADC72 
C II 2-801 
AD ADC80 
C II 2-803 
AD ADC84 
C II 2-809 
AD ADC85 
C II 2-809 
eADC-170 
C II 2-817 
ADC-908 
D 
ADC-910 
C II 2-819 
ADC-912 
D 
eADC-912A 
C II 2-831 


ADCI130/1131 
D 
ADCll40 
C II 2-843 
ADC1l43 
D 
AD DAC-08 
D 
AD DAC71 
D 
AD DAC72 
D 
AD DAC80 
C I 2-783 
AD DAC85 
C I 2-783 
AD DAC87 
C I 2-783 
eADDS-21XX-SW 
D 
eADDS-2100A-ICE 
D 
ADDS-2101-ICE 
D 
eADDS-2101-EZ 
D 
eADDS-2111-EZ 
D 
ADG201A 
C II 5-43 
ADG20lHS 
C II 5-49 
ADG202A 
C II 5-43 
ADG21lA 
C II 5-57 


ADG212A 
C II 5-57 
ADG221 
C II 5--65 
ADG222 
C II 5--65 
eADG408 
C II 5-71 
eADG409 
C II 5-71 
eADG411 
C II 5-73 
eADG412 
C II 5-73 
eADG441 
C II 5-75 
eADG442 
C II 5-75 
eADG444 
C II 5-77 
eADG445 
C II 5-77 
ADG506A 
C II 5-79 
ADG507A 
C II 5-79 
ADG508A 
C II 5-87 
ADG509A 
C II 5-87 
ADG526A 
C II 5-95 
ADG527 A 
C II 5-95 
ADG528A 
C II 5-103 
ADG529A 
C II 5-103 
AD OP-07 
L 
AD OP-27 
L 
AD OP-37 
L 
ADSP-824ROM 
D 
ADSP-l008A 
D 
ADSP-l009A 
D 
ADSP-I0I0A 
D 
ADSP-lOI0B 
D 
ADSP-I012A 
D 
ADSP-I016A 
D 
ADSP-I024A 
D 
ADSP-I080A 
D 
ADSP-1081A 
D 
ADSP-llOI 
D 
ADSP-llI0A 
D 
ADSP-I401 
D 
ADSP-I402 
D 
ADSP-1410 
D 
ADSP-2100 
D 
ADSP-2100A 
C I 6-2 
ADSP-2101 
C I 6-2 
ADSP-2102 
C I 6-2 
eADSP-2105 
C I 6-2 
eADSP-2106 
C I 6-2 
eADSP-2111 
C I 6-2 
eADSP-2112 
C I 6-2 
eADSP-21msp50 
C I 6-2 
eADSP-21msp51 
C I 6-2 
ADSP-3128A 
D 
ADSP-3201 
D 
ADSP-3202 
D 
ADSP-3210 
D 
ADSP-3211 
D 
ADSP-3212 
D• 


.New product since publication of the most recent Databooks. 
·C I = Data C""",",," 
Refemu.e Manual, Volume I; C II = Data Con_ 
Referen<eManual, Volume II; D = Data sheet available, consult factory; 


L = Linear Products Databook; P = Precision Monolithic, Division Databook. 
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ADSP-3220 
D 
ADSP-322I 
D 
ADSP-3222 
D 
eADSP-21000-SW 
D 
eADSP-21020 
C I 6-2 
eADVIOI 
C I 2-793 
ADV453 
C I 2-799 
ADV471 
C I 2-839 
eADV473 
C I 2-805 
eADV475 
C I 2-827 
ADV476 
C I 2-817 
eADV477 
C I 2-827 
ADV478 
C I 2-839 
eADV7120 
C I 2-851 
eADV712I 
C I 2-857 
eADV7122 
C I 2-857 
eADV714I 
C I 2-869 
eADV7146 
C I 2-869 
eADV7148 
C I 2-869 
eADV7150 
C I 2-889 
eADV715I 
C I 2-907 
eADV7152 
C I 2-889 
ADVFC32 
C II 3-51 
AMP-Ol 
P 
AMP-02 
P 
AMP-03 
P 
AMP-Os 
P 
ASICs 
C I 8-1, C II 9-1 
BUF-C3 
P 
CAV-1210 
D 
CMP-Ol 
P 
CMP-02 
P 
CMP-04 
P 
CMP-C5 
P 
CMP-08 
P 
CMP-404 
P 
DAC-QS 
D 
DAC-QZ 
D 
DAC-Ol 
D 
DAC-02l03 
D 
DAC-05 
C I 11-4, 
C II 12-4 
DAC-06 
C I 11-4, 
C II 12-4 
DAC-08 
C I 2-923 
DAC-I0 
C I 2-935 
DAC-I0Z 
D 
DAC-12M 
D 
DAC-12QS 
D 
DAC-12QZ 
D 
eDAC-16 
C I 2-943 
DAC-20 
D 
DAC71172 (see AD DAC71I72) 
DIl.C80 (:sa: Il.D DIl.C80) 
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DAC85 (see AD DAC85) 
DAC-86 
D 
DAC87 (see AD DAC87) 
DAC-88 
D 
DAC-89 
D 
DAC-loo 
C I 2-945 


DAC-21O 
D 
DAC-312 
C I 2-953 


DAC-888 
D 
DAC1108 
D 
DACl136 
D 
DACl138 
D 


DACl146 
D 


DAC-1408A 
D 
DAC1420 
D 
DAC1422 
D 
DAC1423 
D 
DAC-1508A 
D 
DAC-8012 
C I 2-967 


DAC-8043 
C I 2-977 


DAC-8143 
C I 2-987 


DAC-8212 
D 
DAC-8221 
C I 2-1001 
DAC-8222 
C I 2-1015 


DAC-8228 
C I 2-1029 
DAC-8229 
C I 2-1041 


DAC-8248 
C I 2-1053 


DAC-8408 
C I 2-1069 
DAC-8412 
C I 2-1083 


eDAC-8413 
C I 2-1083 


DAC-8426 
C I 2-1095 


DAC-88oo 
C I 2-1107 


DAC-8840 
C I 2-1121 


eDAC-8841 
C I 2-1131 


DAS1128 
D 
DAS1150 
D 
DAS1151 
D 


DAS1152 
C II 7-{j5 


DAS1153 
C II 7-{j5 


DAS1155 
D 
DAS1156 
D 
DAS1157 
C II 7-{j9 
DAS1lS8 
C II 7-{j9 


DAS1159 
C II 7-{j9 


DRC1705 
D 
DRC1706 
D 
DRC1745 
C I 3-107 


DRCI746 
C 13-107 
DSCI705/06 
D 
HDS-1240E 
D 
HOS-OSOA 
L 
HOS-06O 
L 


_New product since publication of the most recent Databooks. 
·C I = Daw Converter R./er.nl:t 
Manual, 
Vol ••••••I; C II = Daw Converur R./erm<t 
Manual, 
Volume II; D = Data sheet available, consult factory; 


L = Linear Products Dawbook; 
P = PrecisWn Monolithics Division Dawbook. 
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HTC-0300A 
D 
HTS-OOlO 
D 
HTS-0025 
D 
eIPAI764 
C I 3-115 


LIU-OI 
C 14-135 


LTS-0614 
L 
LTS-0655 
L 
LTS-0680 
L 
LTS-2020 
1. 


LTS-2101 
L 
LTS-2200 
L 
LTS-2302 
L 
LTS-2510 
L 
LTS-2600 
L 
LTS-2700 
L 
LTS-2800 
L 
MAT-OI 
P 
MAT-02 
P 
MAT-03 
P 
MAT-04 
P 
MUX-Q8 
C II 5-111 
MUX-16 
C II 5-123 
MUX-24 
C II 5-111 
MUX-28 
C II 5-123 
MUX-88 
D 
OP-OI 
P 
OP-02 
P 
OP-04 
P 
OP-05 
P 
OP-06 
P 
OP-07 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
P 
OP-09 
P 
OP-IO 
P 
OP-ll 
P 
OP-12 
P 
OP-14 
P 
OP-15 
P 
OP-16 
P 
OP-17 
P 
OP-20 
P 
OP-21 
P 
OP-22 
P 
OP-27 
P 
OP-32 
P 
OP-37 
P 
OP-41 
P 
OP-42 
P 
OP-43 
P 
OP-44 
P 
OP-50 
P 
OP-61 
P 
OP-64 
P 
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OP-77 
P 
OP-80 
P 
OP-90 
P 
OP-97 
P 
OP-160 
P 
OP-I77 
P 
OP-200 
P 
OP-207 
P 
Op·215 
P 
OP-220 
P 
OP-22 1 
P 
OP-227 
P 
OP-249 
P 
OP-260 
P 
OP-270 
P 
OP-271 
P 
eQP-282 
P 
OP-290 
P 
OP-297 
P 
OP-400 
P 
OP-420 
P 
OP-421 
P 
OP-470 
P 
OP-471 
.......................•.......... 
P 
eQP-482 
P 
OP-490 
P 
eQSCl758 
C I 3-117 
PKD-Ol 
P 
PM-I08 
P 
PM-Ill 
P 
PM-119 
P 
PM-139 
P 
PM-148/248 
P 
PM-155 
P 
PM-155A 
P 
PM-156 
P 
PM-156A 
P 
PM-157 
P 
PM-157A 
P 
PM-lOO8 
P 
PM-IOI2 
P 
PM·2108 
P 
ePM-6012 
C I 2-1141 
PM-7224 
C I 2-267 
PM-7226 
C I 2-303 
PM-7226A 
C I 2-303 
PM-7524 
C I 2-405 
PM-7528 
C I 2-423 
PM-7533 
C I 2-445 
PM-7541 
D 
PM-7541A 
C I 2-513 
PM-7542 
C I 2-533 
lEI 


eNew product since publication of the most recent Databooks. 
'C I = Data C_ 
Referena 
Manual, 
Volume I; C II = Data Converter Refer"",e 
Manual, 
Volume II; D = Data sheet available, consult factory; 


L = Linear Products Databook; P = Prerision Monolithic, 
Division Databook. 


PM-7543 
C I 2-553 
PM-7545 
C I 2-573 
PM-7548 
C I 2-{i13 
PM-7574 
D 
PM-7628 
C I 2-{i65 
PM-7645 
C I 2-573 
REF-Ol 
C II 6-83 
REF-OZ 
C II 6-91 
REF-03 
C II 6-99 
REF-OS 
C II 6-107 
REF-08 
C II 6-113 
REF-I0 
C II 6-121 
REF-43 
C II 6-127 
RPT-82 
CI 4-147 
RPT-83 
C I 4-147 
RPT-85 
C I 4-155 
RPT-86 
C I 4-163 
RPT-87 
C I 4-163 
RTM Series 
D 
SDC17001RDC1700 
D 
SDC1702IRDC1702 
D 
SDC17041RDC1704 
D 
SDCl725IRDCl725 
D 
SDCl7261RDCl726 
D 
SDC1740IRDC1740 
C I 3-119 
SDC1741IRDC1741 
C I 3-119 
SDC1742IRDC1742 
C I 3-119 
SDC1768IRDC1768 
D 
SHA-5 .....•............................. 
D 
SHA-1134 
D 
SHA-l144 
D 
SMP-04 
C II 4-87 
SMP-08 
C II 4-101 
SMP-I0 
C II 4-109 
SMP-11 
C II 4-109 
eSMP-18 
C II 4-119 
SMP-81 
D 
SSM-2013 
P 
SSM-2014 
P 
SSM-2015 
P 
SSM-2016 
P 
SSM-Z017 
P 
SSM-2018 
P 
SSM-2024 
P 
SSM-2100 
P 
SSM-2110 
P 
SSM-2120 
P 
SSM-2122 
P 
SSM-2131 
P 
SSM-2132 
P 
SSM-2134 
P 
SSM-2139 
..........••....•..•.•.....•••••• 
P 
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SSM-2141 
P 
SSM-214Z 
....................••........... 
P 
SSM-2210 
P 
SSM-2220 
P 
SSM-2300 
P 
SSM-2402 
C II 5-133 
eSSM-2404 
C II 5-147 


SSM-2412 
C II 5-133 
STM Series 
D 
SW-Ol 
D 
SW-02 
D 
SW-06 
C II 5-149 
SW-201 
C II 5-161 
SW-202 
C II 5-161 
SW-751O 
D 
SW-7511 
D 
IB21 
L 
IB22 
L 
IB31 
L 
IB32 
L 
IB41 
L 
IB51 
L 
elS74 
C 3-127 
2B20 
L 
2B22 
L 
2B23 
L 
2B24 
L 
2B30 
L 
2B31 
L 
2B34 
L 
2B35 
L 
2B50 
L 
2B52 
L 
2B53 
L 
2B54/2B55 
L 
2B56 
L 
2B57 
L 
2B58 
L 
ZB59 
L 
2S50 
C I 3-135 
2S54 
C I 3-137 
2S56 
C I 3-137 
2S58 
C I 3-137 
2S80A 
C I 3-55 
2S81A 
C I 3-71 


2S82A 
C I 3-71 
3B Series 
L 
4B Series 
L 
5B Series 
L 
6BSeries 
L 
e7B Series 
L 
40 •••...••••••....•................••••• 
L 


eNew 
product 
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publication 
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Databooks. 
'C I = Dalll Converter Refer"",e 
ManlUll, Volume I; C II = Dalll ConVerter Refer"",e 
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Division Dalllbook. 
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44 
L 
45 
L 
46 
L 
50 
L 
51 
L 
118 
L 
148 
L 
171 
L 
184 
L 
234 
L 
235 
L 
261 
L 
275 
L 
277 
L 
281 
L 
284J 
L 
285 
L 
286J 
L 
288 
L 
289 
L 
29OA 
L 
292A 
L 
310 
L 
429 
L 
433 
L 
434 
L 
435 
L 
436 
L 
440 
L 
442 
L 
450 
D 
451 
D 
452 
D 
453 
D 
458 
D 
460 
D 
741NPM741 
P 
751 
D 
755 
L 
756 
L 
757 
L 
759 
L 
9021902-2 
C I 9-1, CIllO-I 
903 
D 
904 
C I 9-1, CIllO-I 
905 
C I 9-1, C II 10-1 
906 
D 
915 
D 
920 
C I 9-1, CIllO-I 
921 
C I 9-1, CIllO-I 
922 
C I 9-1, C II 10-1 
923 
C I 9-1, C II 10-1 
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925 
C I 9-1, CIllO-I 
926 
D 
927 
C I 9-1, CIllO-I 


928 
C I 9-1, CIllO-I 
940 
C I 9-2, C II 10-2 


941 
C I 9-2, C II 10-2 


943 
C I 9-2, C II 10-2 


945 
C I 9-2, C II 10-2 


947 
D 
949 
C I 9-2, C II 10-2 


951 
C I 9-2, C II 10-2 


952 
C I 9-1, C II 10-1 


953 
C I 9-2, C II 10-2 


955 
C I 9-1, C II 10-1 


958 
C I 9-2, C II 10-2 


959 
D 
960 
C I 9-2, C II 10-2 


962 
C I 9-2, C II 10-2 


964 
C I 9-2, C II 10-2 


965 
C I 9-2, C II 10-2 


966 
C I 9-2, C II 10-2 


967 
C I 9-2, C II 10-2 


968 
D 
970 
C I 9-1, C II 10-1 
972 
D 
973 
C I 9-1, C II 10-1 
974 
C I 9-1, C II 10-1 
975 
C I 9-1, C II 10-1 


976 
C I 9-1, C II 10-1 


977 
C I 9-1, C II 10-1 


III 


eNew product since publication of the most recent Databooks. 
·C I = Data Converur R.fer..,,,, 
MIl1UUlI, Vol •••• I; C II = Data ConfJlTUr R.feren<t 
Manual, 
Vol•••• II; D = Data sheet available, consult factory; 


L = LinBar Products 
Databook; 
P = Pr«ision 
Monolithics 
DiWion 
Databook. 


